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ABSTRACT

Heat transfer performance of steam condensing on
horizontal finned tubes made of copper, aluminum, copper
nickel(90/10), and stainless steel(316) was studied using a
condenser test rig at both vacuum and atmospheric conditions.
Integral fin tubes included conventional rectangular shaped
fins as well as rectangular fins having a radiussed root
geometry (ie, a fillet radius equal to half the fin spacing).
All finned tubes had inner and outer diameters of 12.70mm and
15.88mm respectively, and had a fin thickness of 1.0mm and a
fin spacing of 1.5mm. The overall heat transfer coefficient
(U,) was determined experimentally and the outside heat
transfer coefficient (h)) was obtained utilizing a modified
Wilson Plot procedure.

Results indicated that the performance of a finned tube
was strongly dependent on the tube material and weakly
dependent on fin geometry. Radiussing the fin root to remove
condensate between fins in the unflooded portion (ie, top
portion) of a finned tube reduced the heat transfer
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performance compared to a conventional rectangular shaped ., 7.

integral fin. Experimental data were compared to the models of CRA&I
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Beatty and Katz as well as to a modified model of Rose. f“??o”ﬁ“d 0
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I. INTRODUCTION
A. BACKGROUND

With the end of the Cold War, the major interest in the
U.S. today is to balance the budget. Part of this process is
the reduction of Naval forces. Technology must be developed
to meet future threats and costs must remain within the
budget. The acquisition of a new system depends primarily on
its total cost. Today the priorities of new major
acquisitions are 1) cost, 2) performance, and 3) time to
become fully operational. Reductions in size and weight have
become increasingly important design considerations in the
development of every component destined for use aboard United
States Navy vessels. Gas turbine propulsion plants have
significantly reduced the weight and space for main propulsion
machinery aboard surface combatants. However, weight
reductions in auxiliary heat exchangers and other 1large
components such as main steam condensers aboard nuclear
submarines have progressed more slowly. The use of heat
transfer enhancement techniques for condenser tubing pursues
this goal. Smaller, more efficient condensers would result in
reductions in initial cost, space and weight requirements, and
perhaps, operating cost. These heat transfer enhancement

techniques can be utilized for other systems as well.




The performance of condenser tubes is determined primarily
from the thermal resistances on the coolant side, across the
tube wall, on the vapor side, and due to fouling. Each
resistance can be reduced to minimize its effect, which in
turn, enhances the overall heat transfer rate of the systemn.
The major or dominant resistance in general is on the inside,
which can be reduced by suitable internal enhancement
techniques. The wall thermal resistance can be reduced by
decreasing the wall thickness or changing the tube material.

Enhancement techniques are categorized into two major
groups, active and passive. Passive techniques include
internal helical ribbing, displaced promoters (the use of wire
mesh or Heatex inserts), and finned surfaces. Active
techniques are the use of devices that add energy to the
system and not are part of this thesis. This thesis will
focus on externally finned surface condenser tubing. Earlier
studies with finned tubing showed little improvement for steam
condensation due to the large amount of condensate retained
between the fins and the underprediction of the heat transfer
coefficient. Better understanding of the two phase heat
transfer phenomena and improved models have renewed the

interest of integral finned tubes for steam condensers.

B. CONDENSATION
Since 1916, researchers have attempted to improve the

simple model of Nusselt to predict the heat transfer




coefficient for condensation on horizontal tubes. Nusselt’s
theory was based on a plain tube, and neglected the effect of
vapor shear. In 1948, Beatty and Katz [Ref. 1) developed an
analytical model to predict the outside heat transfer
coefficient for an integral finned tube. Their model
accounted for the thermal conductivity (efficiency) of the

tube material. Their basic equation is shown below:

3,2 1/4 1/4 1/4
h=0.689 k[pfghfg] 1 1 ] (1.1)
B Atvf Doq

The equivalent diameter, D, , can be calculated from [Ref. 2]

eq

as follows:

1} £ 1 A, 1 .4 1 (1.2)
—{ =1.30n,—=2 +] 2 + Y .
[Doq] CAg M4 TFA, ple Ay DY/
where:
2_pn2
T-g Do D) (1.3)
4D,
(1.4)

A0£=" tAfs'"l fAft *Au




Af‘ 4
A =n Dt (1.6)
A,=nmD.s (1.7)

and 7 is the thermal efficiency of the fins. The Beatty and
Katz model neglects the effects of surface tension of the
condensate and the vapor shear. These forces thin the
condensate film between the fins. Beatty and Katz tested
horizontal integral spiral-finned tubes made from copper and
nickel using a variety of fluids: propane, n-butane, n-
pentane, methyl chloride, sulfur dioxide, and freon-22. These
fluids have small surface tension effects. The predicted heat
transfer coefficients were within +7.2% and -10.2% of the
values determined from the overall heat transfer data.

Rudy and Webb [Ref. 3] developed an analytical model that
predicts the amount of condensate retention on a horizontal
integral finned tube. The model showed that a significant
portion of the surface can be covered by retained condensate.
Honda et al. [Ref. 4] recommended, for rectangular-shaped
fins, the condensate flooding angle ¢ be computed from the

relationship,




o] 40 )
¢-cos‘{pgs£& 1} (1.8)

The condensate flooding angle is measured from the top of the
finned tube as shown in Figure 1.1. For rectangular finned
tubes, retained condensate forms a wedge at the base of the
fin root. This condensate film wedge increases in thickness
from the top to the bottom of the tube. The condensate
flooding angle is the point in which the condensate wedge
covers the entire fin flanks and interfin spacing. The shaded
area, in Figure 1.1, represents the retained condensate wedge.
It is assumed that no heat transfer occurs in the shaded area.
The unshaded areas, in Figure 1.1, are the uncovered fraction
of the fin flanks and interfin spacing for heat transfer. For
a fin spacing of 1.5mm, height of 1mm, and thickness of 1mm,
¢ =~ 82.08° for steam at 100°C. Yau, Cooper, and Rose [Ref. 5]
also Wanniarachchi, Marto and Rose [Ref. 6] studied the effect
of fin spacing and the resulting flooding angle for maximum
vapor-side enhancement. They concluded that for a copper
rectangular integral finned tube, the optimum fin spacing is
~1.5mm for a fin thickness of 1mm and height of 1mm. Masuda
and Rose [Ref. 7] conducted a detailed study of the static
configuration of the retained liquid using equation (1.8).
The observed heat transfer enhancement was higher than

expected and attributed it to the surface tension effects.




Masuda and Rose examined the enhancement ratio for the total
surface area for a rectangular finned and a radiussed root
finned tube. They also studied the active surface area
enhancement using the condensate retention angle to determine
the flooded and unflooded fraction of the fin surface area.
The flooded area was also called the blanked area by retained
liquid. Rose [Ref. 8] modified the Nusselt equation to
account for the gravitational and surface tension forces for
the condensate. The enhancement ratios are based on the same
temperature differential using the blanked and unblanked
fraction of the fin surfaces. However, they did not include
the efficiency of the material.

Due to the complexity of the steam condensation problem
for horizontal finned tubes, no one model has been developed
that correlates the efficiency of the material along with
other effects of the surface tension of the condensate, the
gravity force of the condensate, steam vapor velocities, and

the condensate flooding angle.

C. NAVAL POSTGRADUATE SCHOOL CONDENSATION RESEARCH

This thesis continues the research that was begun under
sponsorship of the National Science Foundation at the Naval
Postgraduate School (NPS). The apparatus constructed by Krohn
[Ref. 9], June 1982, was modified by Swensen [Ref. 10). The
basic operation of the system remained unchanged. Copper

horizontal integral finned tubes of various fin geometries and




tube diameters have been extensively studied at NPS
independently. Rectangular finned tubes were studied by Coumes
[Ref. 11], Van Petten [Ref. 12), and Guttendorf [Ref. 13).
Mitrou [(Ref. 14), in addition to copper, studied copper nickel
and aluminum rectangular fins. Detailed studies are required
comparing different rectangular and fillet radial fins of
different materials. The additional studies will help
determine the best material and fin geometry for a particular

operating systen.

D. OBJECTIVES OF THIS8 THESIS

The main objectives of this thesis are:

1. Obtain repeatable data for steam condensation on
horizontal tubes having rectangular shaped radial fins
made of copper, aluminum, copper nickel, and stainless
steel, showing the effects on the thermal conductivity
of the materials.

2. Compare the data for rectangular shaped finned tubes to
radiussed root finned tubes to examine the influence of
the radius on the enhancement for each material.

3. Compare the experimental data to the predicted values
using existing theoretical models of Beatty and Katz
{Ref. 1]Jand Rose [Ref. 8].
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Figure 1.1 Schematic of Condensate Retention Angle on

Finned Tubes and Condensate Wedge (illustrated
by the gray sections)




II. LITERATURE SURVEY

A. CONDENSATION

Condensation has been intensely studied as a heat transfer
mechanism. The developments in condenser tubing and compact
electronic equipment <continued the requirement for
experimental and theoretical research in this field.

There are two fundamental modes of condensation, filmwise
and dropwise. Dropwise condensation, as its name states, is
the condensing of the vapor into discrete liquid droplets on
the surface. As the droplets grow, they coalesce until they
are large enough to be removed by gravity or vapor shear.
Filmwise condensation creates a continuous liquid film over
the entire surface area. The heat transfer rate for the tube
is reduced due to the relatively thick condensate film
thickness. Dropwise condensation can produce a heat transfer
rate as much as an order of magnitude larger than that
associated with filmwise condensation. Since the heat
transfer rate is 1lower for the filmwise condensation,
condenser design calculations are normally based on this more
conservative mode of condensation ([Ref. 15]. Complete
filmwise condensation may be difficult to produce. The tube
must be free of o0ils, greases and non-wetting chemical

deposits.




B. HEAT TRANSFER CORRELATIONS
The heat transfer coefficients for condensation on
horizontal tubes are difficult to accurately predict. A
suitable theoretical model must be developed and utilized.
1. Horiszontal Smooth Tubes
Nusselt [Ref. 16] developed the foundation for the
study of filmwise condensation on horizontal tubes in 1916.
His correlation was developed for a quiescent vapor condensing
on a single horizontal tube. He neglected shear forces and
the thermal conductivity of the tube material. The shear
forces of the liquid cause the condensate film to increase in
thickness from the top of the tube to the bottom. Gravity
force assists in draining the condensate around the sides of
the tube circumference. The heat flux changes around the
circumference of the tube with the maximum heat flux at the
top of the tube where the film is the thinnest with no heat
transfer at the tube bottom where the film is the thickest.
Nusselt’s equation for the average outside heat transfer

coefficient around the tube is the following:

\ 1/4
kegpe(pepy)

B Do (Tgae=Tyo)

h,=0.728 (2.1)

where the fluid properties are evaluated at the film

temperature, defined as:
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sz-]é:T“C*%TIO (2'2)

Nusselt’s theory has been extensively studied since
1916. Even with his simplifying assumptions, his work has
been found to be generally valid [Ref. 17, 18]. His theory
was also found to be accurate for cases which do not conform
to his original assumptions, such as variable wall temperature
(Ref. 19]. One of the major problems in applying Nusselt’s
theory in the design of condensers is the assumption of a
quiescent vapor. While in theory the assumption of a
stationary vapor can be justified, steam condensers operate
under conditions where the vapor is travelling at some
velocity.

With the vapor in motion, shear forces are developed
which thin the condensate film and increase the outside heat
transfer coefficient. Early theoretical work by Shekriladze
and Gomelauri ([Ref. 20]) accounted for vapor shear forces.
They assumed that the primary contribution to the surface
shear stress was due to the change in momentum across the
liquid-vapor interface. This resulted in the following

equation to approximate the mean Nusselt number:

NU__0.64(1+(1+1.69F)/2)1/2 (2.3)

Rex§?
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where:

D
= g. o“l‘htg (2.‘)
Ueke(Tope~Too)
and the two phase Reynolds number is given by:
U,
Reyy= p‘p‘f'% (2.5)

Lee and Rose [Ref. 21] compared vapor shear models with
experimental results and found that the Shekriladze-Gomelauri
results were more conservative than other researchers due to
their simplified approximation for the interfacial shear
stress. Fujii et al. [Ref. 22], in a more recent study,
performed an extensive development of the shear forces on the
outside of a horizontal tube. From experimental data, they
also developed a simple empirical formulation for the
condensation of steam on a horizontal tube which includes

vapor velocity effects:

£=0.96F1/5 (2.6)

Rej{?

where F and Re,, are defined in equations (2.4) and (2.5). For

situations where the surface shear forces dominate, as for

12




steam, equation (2.6) more accurately predicts the vapor side
heat transfer coefficient than equation (2.3).

As discussed previously, the primary modes of external
tube enhancement covered in this study are rectangular fins
and fillet radius fins. There are advantages and
disadvantages for each depending on the environment or
operating conditions in which the tube is to be used.

2. Rectangular-ghaped Finned Tubes

Fins can be attached to the surface of smooth tubes to
increase the heat transfer between the surface and the vapor
medium. The enhancement is due primarily to the increase in
surface area. The fins also channel the flow of the
condensate. As the condensate forms and travels to the root
of the fin, it’s film varies in thickness. The film at top of
the fin is generally thinner than at the botton. This
thinning increases the heat transfer rate of the tube. Part
of the increase in enhancement is therefore caused by the
surface tension of the condensate and the vapor shear forces.

The fins used by Beatty and Katz [Ref. 1] were spiral.
However, their theory applies for rectangular-shaped annular
fins. The efficiency equation used by Beatty and Katz ([Ref.
1) was not listed, but the efficiency for a rectangular-shaped
annular fin can be used (equation (2.7)) from [Ref. 23]:

n,=—V2/% I, (R,E) K (RE) -I, (R,E) K, (R,§) (2.7)
E1+r, /1) | I, (RO K (RE) +I, (RE) K, (RE)
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where:

§=L ATTRAY (2.8)

A=28L, (2.9)
R,=y2/(1-R,/R,.) (2.10)
R=(R,/R,.) R, (2.11)

where L. is the corrected length of the fin determined by:

L=L+t/2 (2.12)
_t
d=3 (2.13)

Equation (2.7) assumes an adiabatic fin tip (no heat transfer
through the fin tip). Figure 2.1 is a sketch of an annular
fin of rectangular profile used to defined the dimensions in
the above equations. The efficiency of finned tubes not only
depends on the tube material but also the fin tube geometry.
Figure 2.2 illustrates the change in efficiency of a fin as
the geometry and the thermal conductivity of the material
changes. The higher the thermal conductivity of a material,

the higher the efficiency of the material.
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Gregorig [Ref. 24) discovered that fins generated a
surface tension force which tended to thin the condensate at
the tip and thicken it between the fins. Masuda and Rose
(Ref. 6] examined condensate retention on horizontal finned
tubes. They defined an enhancement ratio for the increase in
surface area by dividing the total surface area of a
rectangular-shaped fin by the area of a smooth tube of the
root diameter:

_Rb+(R3-R?) +R,t

2.
CTJ Rt(b"’t) ( 14)

The first term in the numerator is the area for the interfin
space, the middle term is the fin flank surface area, and the
third term is the fin tip surface area. The condensate
flooding angle equation (1.8) was used to determine the
fraction of the fin flank and tip area blanked by the
condensate film. They defined an "active area enhancement"
for a rectangular-shaped finned tube by dividing the unblanked
finned tube surface area by the surface area of a smooth tube
of root diameter. It is given by equation (2.15):

_RbH(1-£,)+ (RZ-R2)$(1-£,) +xR,t

Can AR, (D+C) (2-13)

The first term in the numerator is the unblanked area of the

15




interfin space, the middle term is the unblanked area of the
fin flanks, and the third is the fin tip area. The tip was
assumed to be free of condensate. The fraction of the
unblanked surface areas covered by condensate is given by:

For the interfin space,

£<f_20 }tan(é/2) , 2.16
‘(pgxrb o ) (2.16)

and for the fin flank,

[ o tan(¢/2) .
f’(pgﬂrh)( ) ) (2-17)

Honda et al [Ref. 25] and Adamek and Webb [Ref. 26]
have formulated models for film condensation on horizontal
finned tubes, but they are difficult to use. Recently,
Briggs, Wen, and Rose [Ref. 27] conducted a detailed review of
the accuracy of various models to measure heat transfer for
condensation on horizontal integral finned tubes. The simple
model of Beatty and Katz [Ref. 1] does not account for surface
tension effects. The Adamek and Webb model [Ref. 26] included
an approximate surface tension effect and the result was an
improved enhancement prediction. They concluded the best
model to predict the heat transfer measurements is the Honda

et al model [Ref. 25) which accounts for both the condensate
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flooding and the enhancing effect of surface tension drainage
from the fins. This is the most accurate model for predicting
the heat transfer measurements for steam condensation on
horizontal integral finned tubes. However, the model is very
complex which limits its use. Rose [Ref. 8] proposed a "“very
simple model" to approximate the vapor side heat transfer
coefficient for condensation on low integral finned tubes.
His model included surface tension and condensate flooding,
but neglected the resistance due to conduction in the fin
material. Rose [Ref. 8] formulated a simpler semi-empirical
equation for calculating the vapor-side enhancement ratio for
condensation on low-finned tubes. His equation accounts for
the condensate flooding angle, as well as gravity and surface
tension effects. He noted that if the ratio of acosb/(pngo)
is greater than 0.5, the interfin space is fully flooded and
the condensate retention angle is zero. The Nusselt theory
was modified by replacing the fin height with the vertical fin
height determined from equation (2.18) or (2.19).

For ¢ < m/2:

h,=hésind (2.18)

For ¢ 2 n/2:

h,=h¢/(2-sin¢) (2.19)
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The enhancement ratio for the same AT was determined by
dividing the heat transfer rate of the finned tube (with
blanked areas) by the heat transfer rate of a smooth tube of

the same root diameter and AT:

_0J/AT 0,
zAT m—z. E (2.20)

where the heat transfer rate for the rectangular finned tube

is,

n {D3-D?)
2

1-f
0D, tq,+ |20 gt (1-£,)aD,sq,|  (2:21)

and the heat transfer rate of a smooth tube of root diameter

D, was determined from Nusselt theory,

QS:nDt(S+t) Qnuss* (2.22)

In the above expressions, the heat transfer fluxes are:

Nusselt theory, for a smooth tube of root diameter D :

3IATI 1/4
qnu,,=o.728[p—h‘2{;ﬁ'—-%7] (2.23)
I

for the fin flanks:
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1/4
q,=[ pb,gk’A:r"[o.943‘gsg+ B:OH (2.24)
m h, h?

for the interfin space:

thg-ksAp[ (E(Q))’pg,BﬂHm (2.25)

q’ =[ u D: ] 3

where {(¢), the mean condensate film thickness from the top of

the horizontal tube to the condensate flooding angle ¢ is;

E(d)=0.874+0.1991x102¢-0.2642x1071¢?+0.5530x1072¢*-0. 1363x107%¢*

(2.26)
for the fin tip:
1/4
g, Ph AT 0.72845g, B.O (2.27)
m D, e’
20 tan(¢/2
fe oo (4‘?/ ) (2.28)
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(2.29)

tan(¢/2)
&)

f,=(

40
PgD, s

Using the above relationships, the enhancement ratio for

constant (AT) can be rearranged into equation (2.30):

D, ¢ $ D;-D; ¢ s
=2 -f) |2t - T
“ar” D, Ts+0) Ter (2750 2D, (s+t) Terg (17241 By (s+t) °*®
(2.30)
where
1/4
1,5 Dry _BeCe (2.31)
D, 0.728%
G =22 (2.32)
pst?
1/4
I}=[° 943rf§+ BG, (2.33)
0.728| h, 0.728°%
Gp= o (2.34)
pgh’
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< LE8())°, BsCs M (2.35)
*10.728* o0.728¢| '

and

(2.36)

Note that this enhancement model neglects the conductivity of
the fin material and requires the specification of four
coefficients B,, B;,, B, and B,. Rose compared calculated
values from equation (2.30) to existing experimental data for
a copper fin tube using R-113 and steam condensing vapors.
After extensive curve-fitting, the constants were determined
to be B,=2.96 and B= B= B,= 0.143. For steam, the theoretical
enhancement values were within ~25% of the experimental
enhancement results.
3. Radiussed Root Finned Tubes

Radiussed root fins are rectangular shaped fins with
the sharp base corners removed. Figure 2.3 shows the
radiussed root finned tubes and the rectangular shaped finned
tube used in this study. The finned tube root was rounded
with a radius equal to half the fin spacing. Radiussed root
finned tubes have less total surface area than rectangular

shaped finned tubes. Masuda and Rose [Ref. 7] defined the
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total surface area enhancement of a radiussed root finned tube

. [Rg —(R’+§)zl+n7b[R'+'222(1'%)]”%" (2.37)
i R, (b+t)

However, by radiussing the fin root, there is no condensate
wedge at the base of the fin that occurs in rectangular fins.
Thus, more of the surface area remains "active". They defined

the "active area enhancement" as:

€rx [R2-{re 3 ) Y R) R B 2 B R (2.38)

R, (b+t) '

Briggs, Wen and Rose [Ref. 28] continued the investigation of
the effect of radiussed root for rectangular shaped finned
tube. They tested two radiussed root tubes and two
rectangular shaped finned tubes made of copper. With a high
thermal conductivity material, they expected a large increase
in experimental enhancement due to the increase in the "active
surface area" for the radiussed root tube. The enhancement
ratio of the "active surface area" for a radiussed root tube
(€,r) and a rectangular finned tube (¢,,), (€, / €,,), was 1.53

for steam with a 1.5mm fin spacing and 1.42 for a 1.0mm fin
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spacing. The enhancement ratio for the 1.0mm fin spacing
agreed well with the experimental enhancement heat transfer
ratio ( €, ./ €,) of 1.33, but the experimental heat transfer
enhancement ratio for the 1.5mm fin spacing was only 1.09.
They felt the small corresponding increase in enhancement for
the 1.5mm spacing seemed somewhat anomalous and intend to

repeat the data.
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Figure 2.1 Schematic of Annular Fin

of Rectangular
Profile
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vardVaravara:

for Finned Tubes Tested (a)

Figure 2.3 Dimensions
rectangular shaped finned tube D.= 13.88mnm,
h= 1.0mm, s= 1.5mm, and t= 1.0mm; (b) deep
radiussed root finned tube D,= 13.88mm,
h= 1.0mm, s= 1.5mm, t= 1.0mm, and b= 0.75mm;
(c) shallow radiussed root finned tube
D= 14.38mm, h= 0.75mm, sS= 1.5mm, ¢t= 1.0mm,
and b= 0.75mm
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IIXI. EXPERINENTAL APPARATUS

A. BYSTEM OVERVIEW

The apparatus is basically the same as designed by Krohn
(Ref. 9] and modified by Swensen [Ref. 10). Figure 3.1 is a
schematic of the test apparatus. The boiler is fabricated
from a .3048m diameter Pyrex Glass tube with ten 4-kw, Watlow
immersion heaters. The boiler can be filled by gravity drain
or vacuum drag from a distilled water tank through a
fill/drain valve. The steam travels vertically from the
boiler section into a 2.13m long section of Pyrex tubing, with
a diameter of 0.15m. It then travels through two 90° elbows
that act as a moisture separator and direct the flow down to
the stainless steel test section. The Pyrex glass sections
are insulated to reduce the heat lost to the environment.

The test section is fitted with openings for Teflon and
nylon seals which support the horizontal tube and provide the
coolant flow path. Figures 3.1 and 3.2 illustrate the cooling
flow path and the temperature probes. Cooling water is
provided to the test tube via two positive displacement
centrifugal pumps. The pumps discharge to a flowmeter via a
common line. Cooling water flow was controlled by a throttle
valve up stream of the flowmeter. Temperature in the sump is

controlled by supplementing tap water. The cooling water sump
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serves two purpose, 1) to provide the coolant for the test
tube and 2) to provide a heat exchanger for the vacuum line.
Excess steam, the steam not condensed by the horizontal tube,
flows across the auxiliary condenser.

The auxiliary condenser section is also fabricated of
Pyrex glass. Ambient temperature water which flows through an
internal copper tube was used to condense the remaining steam.
A suction port is located in the bottommost part of this
section to remove air and other non-condensible gases. These
gases are expelled to the atmosphere via a vacuum line to a
plexiglas tank connected to the vacuum pump. A layout of the
purging system is shown in Figure 3.3. Gravity drains the

condensed steam back to the boiler.

B. BSYSTEM INSTRUMENTATION

The power for the immersion boiler is provided by a 440
Volt silicon controlled rectifier mounted within the
electrical switchboard. Figure 3.4 is a line diagram of the
power supply. A feedback loop was installed to maintain a
constant power supply to the boiler. Part of the voltage was
used for an emf sign for a pressure conversion. This was one
of the three means to determine the pressure in the test
section. The other two are 1) a Setra model 204 pressure
transducer and 2) a direct reading from a Heise pressure gage

(this was used only as a visual reference).
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The vapor temperature was measured by a Type-T
thermocouple located upstream of the horizontal tube being
tested or calculated as a function of the voltage reading from
the pressure transducer. Cooling water temperatures were
calculated from the inlet and outlet temperatures of the flow
through the test tube. The temperature differential of the
cooling water used was either from a Teflon coated Type-T
thermocouple, a ten junction thermopile, or a HP 284A quartz
crystal thermometer. The 1location of the probes are
illustrated in Figures 3.1 and 3.2.

An HP-3497A data acquisition system links the voltage
readings from the various elements to an HP-9826A computer,
except for the quartz thermometer which is read directly. The
HP-9826A computer used the program "DRPALL", 1listed in
Appendix A, to collect, process and store data. The computer
stepped through the voltage output channels of the acquisition
unit and used it’s internal functions to convert the emf

voltage signal into useful data.

C. TUBES TESTED

A total of fifteen tubes were manufactured for this
thesis, thirteen finned tubes and two smooth tubes. The
finned tubes were made of copper, aluminum, copper nickel
(90/10) ,and stainless steel (316). There were three types of
finned tubes:
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1. Type I, standard rectangular shaped finned tube, root
diameter of 13.88mm, fin height 1.Omm.

2. Type 1II, rectangular shaped finned tube with a
radiussed root, tube diameter at the root was the same
as the rectangular shaped finned tube (13.88mm) and the
fin height was 1.0mm from the fin root. This tube was
referred to as the "deep fillet fin tube" during the
test procedures.

3. Type I1I, rectangular shaped finned tube with a
radiussed root, tube diameter of 14.38mm. The fin
height of this tube was the same as the radius of

radiussed root (0.75mm). This finned tube was referred
to as the "shallow fin tube".

The thermal conductivities for the tube materials used are
listed in TABLE I. The values were obtained by curve-fitting
the data in [Ref. 29] for the temperature range of the study.
Figure 3.5 illustrate the relative size and the geometry of
the tubes. Figures 3.6, 3.7, and 3.8 are photographs of the
rectangular shaped finned tube, deep radiussed root finned
tube, and shallow radiussed root finned tubes, respectively.
The dark lines in the radiussed root photographs are light
reflections from the curvature of the fin root and not the
actual machining of the finned tube. The inside diameter, D,
of all tubes tested was 12.7mm. All the finned tubes had an
outside diameter of 15.88mm for the fins. The first smooth
tube made had an outside diameter, D,, of 13.88mm. It was
damaged during testing and a second (stiffer) tube was
manufactured, outside diameter of 14.38mm. The tube was

filled with "Cerabond 375°" to reinforce the tube wall while

machining. This reinforcing compound was removed after
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machining by heating the tube. All residue was removed during
tube preparation.

All tubes were tested with a Heatex insert (wire mesh
promoter) to increase the accuracy of the results. Minor tool
marks inside the tube from the machining operation were
neglected due to the increased turbulence by the Heatex
insert. TABLE II is a list of all tubes tested and their
geonmetry.

TABLE I. THERMAL CONDUCTIVITIES OF TUBES TESTED.

THERMAL CONDUCTIVITY (ko)
(W/(m*K) )

COPPER 390.8

ALUMINUM 231.8
COPPER-NICKEL (90/10) 55.3
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TABLE II. DIMENSIONS AND MATERIALS FOR TUBES TESTED.

Tube Tube Type Tube Root Firp Outer Fin Fin
No. Material | Diameter | Height | Diamecer | Thickness | Spacing
~lmm ~Lmen) V1, VR _{mm) Amme
1 Rectangular Copper 13.88 1.00 15.88 1.00 1.50
®in (Pure!
2 Shallow Copper 14.38 0.75 15.88 1.00 1.50
Fillet (Puze)
3 Deep Fillet Copper 13.88 1.00 15.88 1.00 1.50
{Pure)
4 Deep Fillet Copper 13.88 1.06 15.88 1.00 1.50
Nickel
{90/10)
5 Shallow Copper 14.38 0.75 15.88 1.00 1.5%0
Fillet Nickel
(90/10)
€ Reczangular Copper 13.88 1.00 15.88 1.00 1.50
Fin Nickel
(90/10)
7 Deep Fillet | Stainless 13.88 1.00 15.88 1.00 1.50
Steel
(326)
8 Shallow Stainless 14.38 0.75 15.88 1.00 1.50
Fillet teel
(316)
9 Rectangular { Stainless 13.88 1.00 1£.88 1.00 1.50
Fin Steel
(216)
10 Rectangular | Alumiaum 13.88 1.00 15.88 1.00 *.50
Fin (Pure)
11 Deep Fillez | Aluminum 13.88 L.00 15.88 1.00 1.50
(Pure)
13 Shallow Aluminum 14.38 0.75 25.88 1.00 1.50
Fillet {Pure)
oDl Smooth Copper 13.88 NA 13.886 NA NA
\Pure)
SMTH Smooth Copper 14.38 NA 24.38 NA NA
{Pure’
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Figure 3.5
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Photograph of the “our Types of Tubes Tested
and Heatex Insert used (from left to right
rectangular shaped finned tube, deep radiussed
root finned tube, shallow radiussed root
finned tube, smooth tube, and insert)
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Figure 3.6 Photograph of the Rectangular Shaped Finned
Tube

Figure 3.7 Photograph of the Deep Radiussed Root Finned
Tube
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Figure 3.8 Photograph of the Shallow Radiussed Root
Finned Tube

39




IV. EXPERIMENTAL PROCEDURES AND DATA AMALYSIS

A. TUBE PREPARATION

Prior to operation, the test tubes were cleaned and
chemically treated to promote filmwise condensation during the
data collection process. The chemical treatment solution
[Ref. 30) had been used by several other researchers at NPS
and was developed for copper tubes. The solution was a
mixture of 50 percent by weight of sodium hydroxide and ethyl
alcohol. This solution was modified during this thesis to 50
milliliters of ethyl alcohol combined with 1/2 teaspoon of
sodium hydroxide pellets. The solution does not affect
stainless steel but it is important to follow the same
procedure for a completely uncontaminated tube. Additional
chemical treatment solutions are contained in [Ref. 31).
Guttendorf [Ref. 13]) outlined the basic procedure. The
following procedure was used:

1. The outside of the tube was thoroughly cleaned with a
mild soap solution using a soft bristle brush. A
circular wire brush was used for the inside. The soap
was rinsed off and the tube was checked for filmwise
condensation. Breaks in the film indicated
contamination and dropwise condensation. If there were
signs of breakage, the outside surface was again
cleaned with the socap solution and rinsed with
distilled water. Once a continuous film was present,

the active surface was not touched.

2. The tube was then placed in a steam bath, to heat the
tube and surround the tube surface with moist air.
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The sodium hydroxide and ethyl alcohol solution was
then applied to the tube surface. The solution should
be mixed prior to the each treatment because the sodium
hydroxide absorbs co? from the air which could affect
the compound solution. It was kept warm (~25%C) to
ensure a watery consistency.

The solution was applied with a small brush in 10
minute intervals for one hour. While applying the
solution, the tube was rotated to ensure the entire
surface was treated. The wire brush handle was used to
maintain the position of the tube over the steam bath.
If the tube was treated previously, the tube was
cleaned with the soap solution and rinsed with
distilled water. If there were no film breaks, the
tube was placed in the steam bath and the solution was
applied every 5 minutes over a 20 minute period.

After the tube surface was treated, it was removed from
the steam bath and rinsed with acetone to remove excess
solution. The acetone was rinsed with distilled water.
If there were no breaks in the film, the tube was
inserted into the test section. After the insert was
installed, coolar.t flow was started to the tube to
maintain the film. A leak check of the cooling water
system was performed and the flow rate was set at about
65%.

The oxide layer formed by the chemical treatment promoted

a continuous film on the tube surface. The film was very

thin,

making the thermal resistance insignificant in the

overall resistance of the tube.

B. S8YSTEM START-UP AND SHUTDOWN PROCEDURES

Once the system was assembled, it could be brought on-line

using the following procedures:

1.

The boiler section must be filled with distilled water
to a level approximately 4 to 6 inches above the top of
the heater elements. If the test tube was not
installed, the boiler was filled by gravity drain from
the distilled water tank. This was done by attaching
a hose to the drain/fill line below the boiler. To
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reduce time, if the test tube was installed, the boiler
was filled by vacuum drag. Vacuum drag wvas
accomplished by placing the system under a vacuum (~10
psia), connecting the fill hose and then opening the
drain/fill valve.

When the appropriate water level has been achieved,
shut the fill/drain valve. The by-pass/condensate
return valve was alwvays left open. The by-
pass/condensate valve is located below the boiler,
between it and the condensate drain/fill valve.

Energize the data acquisition unit, computer, printer,
and quartz thermometer power supplies. These units are
normally left on 1line. Load the software program
DRPALL and check for proper operation. To load the
program, insert the program disk and type LOAD
"DRPALL". Type RUN and answer the prompt questions up
to "ENTER FLOWMETER READING". The data acquisition
unit should be displaying channel 40 in the remote
setting. If the system power supplies are maintained
from a previous run, this is not required. Verify that
thermocouple outputs all correspond to ambient
temperature.

Open the fill valve to the cooling water supply tank
and adjust the flow. It needs only to be cracked open.
The flow should be set low enough to ensure that the
drain box to the bilge does not overflow. The fill
valve is the valve located to the left of the boiler
switchboard near the wall.

Perform a leak test on the water systems.
a. Check the cooling system again for leaks.

b. Open the water flow control valve to the auxiliary
condenser and adjust the flow rate to at least 30%
and check for leaks. If no leaks are present,
reset the flow rate to at least 10%.

If the system was open to the atmosphere, place the
system under a vacuum. To do this, shut the drain
valve in the plexiglas container and energize the
vacuum pump. After the pressure gage for the vacuum
pump on the plexiglas container reaches 24 inches of
vacuum, open the suction valve located on the side of
the auxiliary condenser. If the pressure in the test
apparatus does not drop below 8 psia, check the
atmospheric valve to the auxiliary condenser and the
vacuum drain valve below the plexiglas container and
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ensure they are closed. After the pressure is below 3
psia, shut the vacuum suction valve and secure the
vacuum pump.

7. To energize the heaters, three switches must be shifted
"ON":

a. Switch #3 on panel pnl 5 located on the right hand
wall of the hallway to the machine shop.

b. The heater load bank circuit breaker is on the left
side of the electrical switchboard behind the HP
computer desk.

c. The condensing rig boiler power supply switch is on
the front of the electrical switchboard.

The power supply in pnl 5 is left on. To start-up the boiler,
flip the load bank circuit breaker to "ON". The voltmeter
should indicate 100 volts. Ensure the resistance control knob
is turned completely to the left. The control knob is located
below and to the right of the voltmeter. Next, shift the
boiler power supply switch on. The voltage indication should
go to zero. If not, secure the switches and contact an
electrical technician. Adjust the voltage to 50 volts using
the control knob. If the system is below 2 psia, adjust the
power level to 40 volts for initial start-up. The system is
started at a low power level to minimize the vibrational shock
to the system from vapor bubble formation and collapse. As
the system warms up, the power can be increased, in increments

of 10 volts, u 1 the desired setting is reached.
8. After the system pressure rises above 4 psia, air and
other non-condensible gases must be purged from the

system. This is accomplished by following the
procedures outlined in step 6. When the Pyrex glass
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container around the auxiliary condenser is warm to the
touch, most of the non-condensible gases have been
removed. The purging procedure can not be done with
both cooling water pumps on the line. The large power
load will trip the power supply breaker in the panel
outside the door to the lab. The initial purge takes
about 15 - 20 minutes. The purging process should be
repeated every few hours during extended operations.

9. The filmwise condensation established during the tube
installation should still exist. If not, the following
procedure must be followed to establish filmwise
condensation:

a. Secure cooling water to the tube and the auxiliary
condenser. Allow the system vapor temperature to
increase to at least 3800 microvolts, on channel
40.

b. Increase the flow rate in the auxiliary condenser
to 50% and allow the vapor temperature to decline
to 3200 microvolts.

c. Secure coolant flow to the auxiliary condenser and
allow the vapor temperature to increase to about
3700 microvolts. This forms a steam blanket over
the tube.

d. Initiate cooling water flow to the horizontal tube
at a flow rate of 80%.

e. Start the flow to the auxiliary condenser at
maximum. Adjust the flow rate to maintain desired
pressure and temperature.

If, after ©performing these steps, some dropwise
condensation persists, repeat step (9) again. If dropwise
condensation continues, the tube should be removed, cleaned
and retreated. Notes should be made of locations of machine
tool marks. They can give the appearance of dropwise
condensation if they are retaining condensate.

10. Press the "RUN" key on the keyboard to activate the

DRPALL program. The program will prompt you with
questions for the necessary data information. A copy
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of the data collection program is listed in Appendix A.

11. Ensure the system has been operating at steady state
condition for at least 30 minutes prior to continuing
past the statement "ENTER FLOWMETER READING®. Several
variables must be monitored at the same time. Each
operator must obtain a feel for the equipment to
determine a steady state condition. The pressure input
into the program is only a visual reference and is not
used in the program calculations. A steady state
condition is defined as a good agreement in the
following printouts: pressure (Ptran,Psat), temperature
differential (quartz,T-pile, thermocouple) and the
overall heat transfer coefficient (U) from the
previous data run printout. The difference between the
pressure readings for the transducer and the voltage
conversion should be less than 0.5 kPa and 0.1 kPa from
the previous run. The three temperature differentials
should be within .01°C of the previous run and within
.05°%Cc of each other. The overall heat transfer
coefficient should be within 100 (W/(m’k)) of the
previous data run.

12. For vacuum runs, the control setting on the voltmeter
is 90 volts. Channel 40 on the data acquisition system
should be 1980 + 10 microvolts. This corresponds to T,
=~ 48°C, and a vapor velocity of = 2 m/s.

13. For atmospheric runs, the control setting on the
voltmeter is 175 volts and channel 40 on the data
acquisition system is 4280 + 10 microvolts. This
corresponds to T, = 100°C, and a vapor velocity of =
1 m/s. Special care must be used when operating at
atmospheric pressure to ensure overpressurization and
rupture does not occur.

14. If both vacuum and atmospheric runs are to be conducted
on the same day, the vacuum run should be conducted
first. This eliminates the long cool down time
required after an atmospheric pressure run.

The system should be secured using the following
procedures:

1. Secure power to the heating elements. Turn the voltage
control knob completely to the left. The voltage
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indication on the voltmeter should be zero. Shift the
boiler supply power switch to "OFF". The voltage
indication on the voltmeter should rise to 100 volts.
Press the power supply breaker to "OFF" and reinstall
the safety bar.

2. Secure coolant flow to the auxiliary condenser. If the
system is to remain at vacuum pressure until the next
data run, then the auxiliary condenser can be used in
assisting to cool the system down, provided the same
tube will be used for testing.

3. Secure the coolant flow to the tube by shutting the
inlet valve and securing the coolant pumps.

4. Secure the water flow to the coolant water sump tank.
5. Return the system to atmospheric pressure unless a
system pressure leakage test is being performed. Open
the vent valve on the auxiliary condenser slowly. Keep
all foreign material away from the vicinity to avoid
contaminating the system.
6. In case of any abnormal conditions or an emergency,
SECURE THE BOILER POWER FIRST.
C. DATA PROGRAMB
The computer programs DRPALL and HEATCOBB were used to
collect, store, and process the test data for analysis.
DRPALL, a revision of the basic HP program, calculated and
stored the raw data. HEATCOBB, a FORTRAN program, was written
to reprocess the raw data for theoretical model comparison.
The DRPALL program used a series of internal program
functions to convert voltage inputs from the data acquisition
unit and the quartz thermometer into raw data. Raw data were
calculated from both direct and indirect measured values. The

overall thermal resistance for the heat transfer from the

vapor to the cooling water is the sum of the vapor side (R)),
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the tube wall (R,)), and the coolant side (R;) resistances.
Since the tubes were cleaned prior to testing, the fouling
resistance was negligible, (R, ~ 0). The total resistance can

therefore be represented as equation (4.1):

Rioca1=R;*R*R, (4.1)
where,
1
R = L ]
4 hiAi (4 2)
_ 1
RO hﬁo (4'3)
DO
R - 1 D; (4.4)
Y 2=nLk

The effective area for the inside of the tube represents the
entire length of the tube. The portions of the tube that do
not contain fins were used to support the tube and act as fins
extended in the axial direction. They transfer additional
heat to the inlet and outlet portion of the tube. The

effective inside surface area is represented as:

47




Ai=7‘Di(L*L1ﬂ1’Lzﬂz) (4.5)

The fin efficiencies (%, and n,;) for their respective entrance

lengths are:

tanh (m,L
q1=_—F(-§’-1—-i (4.6a)
11
tanh (m,L.
,]2:_1_52(_;"_2_1)_ (4.6b)
2
where,
1/2
m1=(__:;3_) (4.7a)
1
1/2
n12=( Ifzj:) (4.7b)
2

P, and P, are the fin perimeters and A, and A, are respective
the cross sectional areas. The actual outside surface area,
the tube length exposed to steam, varies with each machined
spacing between each fin. Therefore the effective outside

area was assumed to be:
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A,=nD,L (4.8)

The overall thermal resistance can be related to the overall

heat transfer coefficient (U,) and the effective outside area
(A,) by:

1
Rtotu:m (4.9)

Substituting equations (4.2), (4.3), and (4.9) into equation

(4.1) gives:

1 _ 1 o, 1
S e— R o 4.10
UA, hA; 7 hA, ( )

The heat transfer rate, Q, can be calculated from the measured
inlet and outlet temperatures and the mass flow rate of the

cooling water through the test tube.

Q=mc, (T,-T,) (4.11)

Using the energy balance for a control volume, the heat
transfer rate can be expressed in terms of the overall heat

transfer coefficient (U )):

Q=U,A, (LMTD) (4.12)

where the log mean temperature difference, LMTD, is:
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-7,

NEEN (4.13)
Toae~ 1>

sat

The inlet (T,) and outlet (T,) cooling water temperatures were
measured directly with the quartz thermometer and the
saturation temperature (T,,,) was measured using the vapor
thermocouple (channel 40) from the data acquisition unit. The
specific heat of the coolant at constant pressure (c;) was
determined from the bulk mean temperature of the cooling
water. In addition, a correction factor was used to account
for the viscous heating of the coolant through the test tube
with a heatex insert; the correction equations are located in
Appendix B.

Oonce the total heat transfer rate has been calculated, the
overall heat transfer coefficient can be calculated by using
equation (4.12). The only two unknowns, the inside heat
transfer coefficient (h;) and outside heat transfer
coefficient (h ), are computed using the Modified Wilson Plot
Technique.

The Modified Wilson Plot Technique uses the overall heat
transfer coefficient determined from the experimental data to
determine the inside and outside heat transf~r coefficients.

The technique uses an assumed leading coeffi-:.ent for the
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inside and outside heat transfer coefficients and iterates to
determine the unknown heat transfer coefficients. Briggs and
Young [Ref. 32] explain this technique in detail. The two
forms of the equations used are:

For the outside heat transfer coefficient,

1/4

3,2
kepedhe| _ . 5 (4.14)

h,=a
° | BeDAT,

where a is a dimensionless Nusselt coefficient [Ref. 16].

For the inside heat transfer coefficient,

D,

1

All data were taken using the Petukhov-Popov correlation [Ref.

33] for the inside heat transfer coefficient. Therefore,

€
— |RePr
Q- (31)/2 (4.16)
Koo €] e
where:
€=[1.821og(Re) -1.64]%/2 (4.17)
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K,=1+3.4€ (4.18)

K;=11.7+1.8Pr"1/3 (4.19)

Substituting equations (4.14) and (4.15) into equation (4.10)

and rearranging the terms gives:

1 _ - A2D; 1 4.20
[ r A i ok (4-29
Letting:
Y=[i -R,Ao]z (4.21)
UO
_ As2D;
X A0k (4.22)
=1
m=2 (4.23)
and
1
== 4.24
b % ( )
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resulted in a simple linear equation:

=mX+b (4.25)

The parameters i and Z are temperature dependent, so an
iterative procedure must be used to solve the equations. A
least squares fit of equation (4.25) was used to determine C,
and a. The inside heat coefficient could now be determined
from equations (4.15) and (4.16). With the inside heat
transfer coefficient and the overall heat transfer coefficient
determined, the outside heat transfer coefficient can be
solved using equation (4.10).

The conditions for a data run cannot be exactly
reproduced, resulting in a variation between C;, and a values
between runs for the same tube.

From Nusselt theory, the heat flux (g) based on the

outside area can be shown as:

q=aAI?“ (4.26)
where:
3.2 1/4
a=a ___s"f":g”f (4.27)
BeOr
and
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g=h AT, (4.28)

where:

h,=aAT;Y* (4.29)

The enhancement ratio based on a constant temperature drop

across the condensate film, can be expressed as:

ey = 2f=t=_1 (4.30)

The enhancement ratio for constant (AT) can be defined as the
improvement in the heat transfer rate of a finned tube
compared to the heat transfer rate of a smooth tube with an
outside diameter equal to the root diameter of the finned tube
for the same temperature difference.

The Fortran program, HEATCOBB listed in Appendix C, used
the experimental values for the vapor, condensate film, and
the differential temperatures to solve for an outside heat
transfer coefficient. The outside heat transfer coefficient
determined from equation (1.1), the Beatty and Katz
correlation, was obtained by iterating the fin efficiency for
the material and assuming an initial outside heat transfer
coefficient. This heat transfer coefficient used the

effective area of the fin A, sO that a correction factor must
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be applied to it the heat transfer coefficient in order to
compare it with the outside heat transfer coefficient obtained
during this thesis. The correction factor was the ratio of
the effective area divided by the area of a smooth tube having
a diameter equal to the root diameter of the finned tube. The

heat transfer rate Q, can be expressed as follows:

Q=h, A, AT (4.31)

where h, and A, were determined from equations (1.1) and

(1.4), respectively; or in terms of the outside area A;:

Q=h AAT. (4.32)

By substituting and rearranging equations (4.31) and (4.32),
the outside heat transfer coefficient using the Beatty and
Katz correlation was modified to get:

Aet’

Npe=hgs 2
[+4

(4.33)

During this thesis, the enhancement ratio was defined by
dividing the outside heat transfer coefficient for the finned
tube by the outside heat transfer coefficient for a smooth
tube from Nusselt theory as:

P h
CAT=_.__BK (4.34)
Nuss
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As shown in Chapter I1I, the efficiency of a fin, equation
(2.7), changes with the fin profile area A,. For this thesis,
the profile area for a radiussed root finned tube was

calculated from eguation (4.35):

a5 0 (s+0) -(m-(Re ) 5] 3(3) (4.35)

and the fin efficiency was determined by substituting this
profile area into equation (2.8). The total surface area of
a radiussed root finned tube decreases compared to a
rectangular shaped finned tube but the profile area increases.
This increase in profile area decreases the value of § in
equation (2.8), and as seen in Figure (2.2), the fin
efficiency will increase.

Also in the Fortran program, HEATCOBB, the basic
enhancement ratio for constant (AT) as proposed by Rose [Ref.
8], equation (2.36), was modified. The fin efficiency
determined in the Beatty and Katz model was applied to the
unblanked surfaces of the fin. The enhancement ratio for a
rectangular shaped finned tube becomes:

DZ-p?
2D, (s+t)

€ hROSE D t 2 (l ff)

2
€At = - (s+t:) Tm+X (1- f)Bl( Tt

) 3
(4.36)
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Unlike a rectangular shaped finned tube, in the case of a
radiussed root finned tube, the unflooded (ie, the region from
the top of the tube to a point where the whole of the flank is
just wetted and where the condensate film at the center of the
interfin space has a finite thickness) surface areas of the
fin flank and the radiussed root do not have any condensate
"wedge" blanking them off. The condensate flooding angle ¢
was still calculated from equation (1.8) and the estimated
fraction of the fin flanks and radiussed interfin space
blanked by condensate, f, and f , was set equal to zero. The
enhancement ratio for a radiussed root finned tube becomes

egquation (2.20):

z.u':Qt‘/ Qs

where the numerator is:

Qe=2nI,tqM *(%)[zn(rzz -(rl + ‘;‘)Z)Qf“ +27n gBl(Il + —;(l - ‘;Zt'))qsn]

(4.37)

and the denominator is given by equation (2.22). In equation
(4.37), the heat flux for the interfin space was varied from
equation (2.25) to account for the changing geometry along the

radiussed root:

.- Ph kAT (E(4))Bg |, Bo]]” (4.38)
s B (D,+s(1-(2/®)) g3
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As mentioned in Chapter II, the Rose [Ref. 8] model
required that the constants B,, B,, B,, and B, be specified.
The value of all these constants will vary with the tube
material and fin geometry. They cannot be determined
accurately until more data is obtained for a variety of
radiussed root finned tubes. This thesis therefore used the
B-values determined by Rose [Ref. 8). The heat flux for the
fin tip was still defined as in equation (2.27) and for the

fin flanks equation (2.24) was used. However, the fin height

was modified as noted below:

h=R2-(R1+—§). (4.39)

Using equations (4.37), (4.38) and (4.39), equation (2.20) can
be used to find the enhancement ratio, €,, for a radiussed root

finned tube.
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V. RESULTS AND DIBCUSBION

A. GENERAL DISCUSSION

Experimental data were taken as described in Chapter 1V.
A short format version of the data printout for the tubes
tested is contained in Appendix D. The tube numbers are
listed in TABLE II in Chapter III along with their respective
geometries. Nomenclature for the data runs are as follows.
The first two letters are the run condition, i.e. AT for
atmospheric and VT for vacuum condition; the two numbers or
group of letters are the tube number from TABLE II; and, the
last number is the run number. For example, the nomenclature
"VT094" means that this is the fourth data run for tube number
9, a rectangular shaped finned tube made of stainless
steel(316), under vacuum condition.

The cooling water flow rate settings for atmospheric
condition data runs were from 80 to 20 percent of the
rotameter scale in increments of 10 percent; the procedure was
then reversed back to 80 percent. This procedure could not be
followed for the vacuum runs because of the inability to
maintain the required temperature and pressure setting for a
complete data set. The problem maintaining the set points was

attributed to the long settling time between data points and
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the cooling effects of the environment surrounding the test
apparatus. In the early data sets, it took about 45 minutes
to reach a steady state condition described in Chapter 1IV.
This resulted in a 13 to 15 hour data taking session. Several
attempts were made to reduce the run time. One attempt was to
secure the augmenting tap water to the cooling water sump for
the test tube. Increasing the temperature of the cooling
water flowing through the test tube reduced the temperature
difference across the test tube and the amount of steam
condensed by the test tube. This increased the amount of
steam to be condensed by the auxiliary condenser and increased
the control of the temperature and pressure settings.
However, this reduced the range of the temperature difference
for the data obtained. The other attempt was to change the
sequence of the data by changing the cooling water flow rate
through the test tube. The sequence was changed to 80 , 20,
70 , 30, 60, 40, 50 (2), 40, 60, 30, 70, 20 and then back to
80 percent instead of the procedure as described for the
atmospheric conditions. The data obtained from this procedure
where compared to previous runs for consistency and
repeatability. There were no noticeable variations; thus,
this procedure was used for the remaining vacuum data runs.
The condensate film was checked as described in Chapter
IV. During the purging operations, the condensate film was
re-verified and the data collection process continued if the

condensate film was intact. The revised chemical treatment
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solution, as stated in Chapter 1V, produced filmwise
condensation on the same tubes weeks after testing.

Great care and attention to detail were taken to obtain
good reliable data. With all experiments, everything cannot
be accounted for, leading to uncertainties in the
measurements. The uncertainty calculations obtained for
randomly chosen data points are contained in Appendix E and do
not account for air and other non-condensible gases or
possible dropwise condensation conditions over any portion of

the test tube.

B. BSMOOTH TUBE RESULTS

The overall heat transfer coefficient for a given outside
diameter depends on the tube material. Equations (4.1) and
(4.9) relate the overall heat transfer coefficient to the
total resistance. As the wall resistance decreases, the
overall heat transfer coefficient increases. Figures 5.1 and
5.2 show the overall heat transfer coefficient versus velocity
behavior for copper tubes under atmospheric and vacuum
conditions, respectively. Two tubes were used, with slightly
different diameters. Thus the wall resistance (R,) was about
the same for each tube. Using a Heatex insert improved the
accuracy of the data taken by reducing the influence of the
inside resistance (R;) on the overall heat transfer
coefficient. The data show that the outside resistance (R,)

must dominate the overall heat transfer resistance since, as
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cooling water velocity increases, the overall coefficient
remains constant. In addition, the results appear to be
independent of operating pressure.

Comparing Figures 5.1 and 5.3 for runs ATSMTH1 and ATSMTH3
which had the same outside diameter tube (D=14.38mm), the
outside heat transfer coefficient (h)) is nearly constant over
the range of temperature differences (Ts~-Tw) . The
corresponding overall heat transfer coefficients in Figure 5.1
change very slightly, again indicating that the outside
resistance is the controlling resistance.

From Nusselt theory, the outside heat transfer coefficient
is independent of tube material. Experimentally obtained
smooth tube data were compared to the data of Guttendorf ([Ref.
13] who used a copper tube and Long [Ref. 34] who used
titanium. It appears that the Guttendorf data is high (about
14%) and the Long data is low (about 4%). This is due
partially to the different diameters used. Since the Nusselt
theory predicts that the outside heat transfer coefficient,
h,, is proportional to DS '%, then the diameters will influence
the measured result. In addition, Guttendorf used a twisted
tape insert (i.e., a small rectangular shaped wire twisted
around a metal rod in a spiral manner) vice a wire mesh insert
as used in this thesis. A similar comparison was made for

vacuum conditions. Since the outside heat transfer

coefficient for a smooth tube is independent of wall material,
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all finned tube data were compared to the smooth tube data

taken for the copper tube.

C. RECTANGULAR SHAPED FINNED TUBE RESULTS

Figure 5.4 shows the data of the overall heat transfer
coefficient (U,)) versus cooling water velocity (Vw) for
rectangular shaped finned tubes of copper, aluminum, copper
nickel, and stainless steel at atmospheric conditions. 1In
addition, smooth tube data for copper and titanium are
provided for comparison.

Comparing the four rectangular shaped finned tubes, as the
thermal conductivity (k.) increases, the overall heat transfer
coefficient increases. At a cooling water velocity of 3.5
m/s, the ratio of the overall heat transfer coefficient for
copper to stainless steel (U,(Cu)/U,(SS)) is 2.6. Since the
dimensions of these tubes are the same, this significant
enhancement is due to 1) a smaller wall resistance to base of
the fins for copper and 2) a smaller wall resistance of the
fins themselves. Both effects combine to determine the inside
heat flux.

For low thermal conductivity material (i.e., stainless
steel), the overall heat transfer coefficient is roughly
constant for changing velocities. This indicates that the
outside resistance (R) is controlling the overall heat
transfer coefficient. As the thermal conductivity increases,

the overall heat transfer coefficient increases with cooling
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water velocity, implying that the outside resistance is not
controlling the overall heat transfer coefficient as much
(i.e., the inside resistance (R;,) is also important).

The heat transfer enhancement of the finned tube increases
with the thermal conductivity of the tube material. Comparing
the overall heat transfer coefficient of the copper finned
tube to the copper smooth tube, the heat transfer enhancement
for the 3.5 m/s cooling water velocity is 2.3. The
enhancement at the same cooling water velocity for stainless
steel is only 1.3 (since the thermal conductivity for
stainless steel is about the same as titanium, the titanium
smooth tube data of Long (D =15.85mm)was used). It is clear
that for higher thermal conductivity materials, fins help
considerably to improve the performance of the tube, but for
lower thermal conductivity materials there is a small
influence. Similar (but reduced) trends exist under vacuum
conditions as shown in Figure 5.5.

The data obtained during this thesis for copper
rectangular shaped finned tubes are compared to previous data
in Figures 5.6 and 5.7, for atmospheric and vacuum conditions
respectively. Flook [Ref. 35] tested a finned tube with the
same dimensions as used in this thesis except it had a root
diameter, D, of 13.7mm. He used a twisted tape insert along
with the Seider-Tate [Ref. 36] correlation for the inside heat
transfer coefficient, h,, to obtain his data. The Seider-Tate

(Ref. 36] relationship is:
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h.=C _Ingeo.apro.zas p ) (5.1)
i=tigp
. “C'

1

When this correlation was compared to the Petukhov-Popov
correlation by Incropera and Dewitt [Ref. 15], the Petukhov-
Popov correlation was found to be the most accurate.
Therefore, the Guttendorf [(Ref. 13] and Van Petten [Ref. 12]
raw data were reprocessed using the Petukhov-Popov [Ref. 32])
inside heat transfer correlation. Guttendorf and Van Petten
tested tubes with an inside diameter, D;, of 9.53mm and root
diameter, D,, of 12.7mm. The fin height, spacing and
thickness were the same as the rectangular shaped finned tubes
used in this thesis. They also used the twisted tape insert
which was described earlier. As plotted in Figures 5.6 and
5.7, the data obtained during this thesis fell between the
data of the previous researchers. With the different tube
diameters and inserts used, little additional comparison can
be made. The Flook data could be erroneously high since his
data were taken after Holden [Ref. 37) completed his thesis on
the use of an organic coating to promote dropwise condensation
of steam on horizontal tubes in the test apparatus. Some of
the dropwise promoter may have been retained in the test
apparatus during the measurements of Flook, causing dropwise

condensation on the test tube vice filmwise. The data of

Guttendorf and Van Petten were also obtained after Holden.
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The actual reason for the variation in data is not known. The
data obtained in this thesis could be luw because of the
presence of air and other non-condensible gases. However,
care was taken to remove these gases. All the data are within
an uncertainty of + 20% for the same tube geometry and tube-
side insert. Additional data should be taken with the same
geometry and inserts to establish more accurate trends for
comparison.

Mitrou [Ref. 14] tested rectangular shaped finned tubes of
aluminum and copper nickel. Like Flook [Ref. 35], he also
followed Holden [Ref. 37] in conducting his studies in the
test apparatus. Since these earlier thesis studies, Swensen
[Ref. 10] modified, disassembled, and cleaned the test
apparatus to improve the accuracy of the data taken. Mitrou’s
fin dimensions were identical to Flook’s copper tube.
Mitrou’s data were also reprocessed during this thesis using
the Petukhov-Popov inside heat transfer coefficient
correlation, but he used the twisted tape insert. Mitrou’s
data for aluminum and copper nickel finned tubes at
atmospheric conditions are plotted in Figures 5.8 and 5.9
respectively. Similar to Flook’s data, the Mitrou results are
higher than those found in this thesis. It is obvious from
these figures that, although the exact magnitude for a given
material may be uncertain, the outside heat transfer

coefficient is influenced by the thermal conductivity of the
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tube material. This pattern holds for vacuum conditions also,
as shown in Figure 5.10.

Figure 5.11 summarizes the experimentally obtained outside
heat transfer coefficient data versus the temperature
difference between the vapor and the outer tube wall (Ts-Tw).
The outside heat transfer coefficient increases as the thermal
conductivity of the finned tube material increases, implying
that it is not desirable to fin a low conductivity tube. As
discussed earlier for the overall heat transfer coefficient
results, this is due to 1) the wall resistance to the fin base
and 2) the wall resistance of the fin itself. This trend can
also be seen by overlapping the data in Figures 5.6, 5.8, and

5.9.

D. RADIUSSED ROOT FINNED TUBE RESBULTS

Radiussing the root of the rectangular shaped finned tube
is designed to remove retained condensate from the unflooded
part of the tube, thus improving the thermal performance of
the tube. Figure 5.12 compares overall heat transfer
coefficient data of rectangular shaped finned tubes to
radiussed root finned tubes for the four materials studied in
this thesis at atmospheric conditions. 1In all cases, except
for stainless steel, radiussing the base root reduced the
finned tube performance of the materials tested. Because of
the poor thermal conductivity of stainless steel, the

increased fin profile area by radiussing the root had a
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greater impact on the fin efficiency than for the higher
thermal conductivity materials. The dispersion in the overall
heat transfer coefficient data was greater for the highest
thermal conductivity material (copper) and decreased with
thermal conductivity.

Figures 5.13 and 5.14 show the outside heat transfer
coefficient versus the temperature difference between the
vapor and the outer wall (Ts-Tw) at atmospheric conditions.
Data were obtained for all four materials as well as for deep
and shallow radiussed root finned tubes. Figure 5.13 shows
the data for the deep radiussed root tubes whereas the shallow
radiussed root tubes data are shown in Figure 5.14. In both
figures, the influence of the thermal conductivity of the tube
material can be seen. As the thermal conductivity of the tube
material increases, the outside heat transfer coefficient
increases. This increase in the heat transfer coefficient is
somewhat sensitive to the finned tube geometry, as can be seen
when comparing the two figures.

Figures 5.15 and 5.16 display the data for the three types
of finned tube geometries used during this thesis. Two tube
materials are shown in each figure. Figure 5.15 contains
copper and copper nickel outside heat transfer coefficient
data whereas Figure 5.16 shows the data for aluminum and
stainless steel. For the higher thermal conductivity (copper)
material, the data were higher than the 1lower thermal

conductivity (copper nickel) material for all geometries. For
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both materials, the outside heat transfer coefficient
decreased in going from a rectangular shaped finned tube to a
radiussed root finned tube. The root diameter of the shallow
radiussed root finned tube (D= 14.38mm) is larger than the
root diameter (D= 13.88mm) of the deep radiussed root and
rectangular shaped finned tubes. For the higher thermal
conductivity materials, (i.e., copper and aluminum) the
outside heat transfer coefficient for the shallow radiussed
root finned was lower than the deep radiussed root finned
tubes. In Figure 5.15 for copper nickel, no conclusions can
be drawn between the outside heat transfer coefficient for the
radiussed root finned tubes. For stainless steel which has
the lowest thermal conductivity, the data in Figure 5.16 show
that the outside heat transfer coefficient appears to be the

same regardless of the external fin geometry.

E. HEAT TRANSFER ENHANCEMENT

As described earlier in Chapter 1V, the modified Wilson
Plot procedure curve fits the raw data to determine a leading
coefficient (C;) and an alpha (a) value for the inside and
outside coefficients, respectively. TABLES III and IV contain
the averaged leading coefficients and alpha values obtained
for each tube tested for atmospheric and vacuum conditions,
respectively. The leading coefficients and alpha values
changed with each material, but no particular pattern or trend

can be established. For example, for the rectangular shaped
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finned tubes, as the tube material changes from copper to
stainless steel, the leading coefficient for the inside heat
transfer coefficient (Ci) changes from 3.11 to 2.10. This
implies that circumferential wall conduction may be important
in establishing the heat flux around the tube. Additional
runs with smooth tubes having wall thermocouples are required
to study the effect of the tube wall material on the leading
coefficient and alpha values.

An alternate method to study the experimentally obtained
enhancement is to «compare the outside heat transfer
coefficients obtained at the same temperature difference (AT).
The outside heat transfer coefficient data at a temperature
difference of 30°K for atmospheric conditions and 12°K for
vacuum conditions are 1listed in TABLES V and VI. The
enhancement ratio for atmospheric conditions for the four tube
materials and various finned tube geometries are tabulated in
TABLE VII using the smooth tube outside heat transfer
coefficient as the baseline. TABLE VIII provides similar
ratios using Nusselt theory as the baseline. In both tables,
the enhancement ratio decreases as the thermal conductivity of
the tube wall material decreases. By radiussing the fin root,
the enhancement ratio decreases except for stainless steel.
TABLES IX and X contain similar enhancement ratios for the
four materials under vacuum conditions. Similar trends are

evident.
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The experimentally obtained film temperature differences
were used to obtain enhancement ratios from the empirical
models of Beatty and Katz [Ref. 1] and Rose [Ref. 8] for
rectangular shaped finned tubes. Figure 5.17 presents the
predicted enhancement ratios for the Beatty and Katz model,
equation (4.34), and the modified Rose model, equation (4.36),
versus the change in fin spacing for copper, aluminum, copper
nickel, and stainless steel tubes under atmospheric
conditions. Figure 5.17 also contains the average
experimentally obtained enhancement ratios for the tubes
studied in this thesis which all had the same fin spacing of
1.5mm. Figure 5.18 shows a similar comparison under vacuum
conditions. At atmospheric conditions, the predicted
enhancement ratios from the Beatty and Katz model were closer
to the experimentally obtained enhancement ratios than those
predicted by the modified Rose model. But under vacuum
conditions, the modified Rose model predictions were closer,
and in several cases, the enhancement ratios were identical to
the data. TABLES XI and XII tabulate predicted and
experimental enhancement ratios of the rectangular shaped
finned tubes, under atmospheric and vacuum conditions,
respectively. In both TABLES, the enhancement ratio decreases
as the thermal conductivity of the tube material decreases, as
predicted by both models.

The Rose model [Ref. 8] was further modified to include a

radiussed fin root, as given by equation (4.37). Using this
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modified model, the predicted enhancement ratios were compared
to the average experimental heat transfer enhancement ratios
for deep radiussed root finned tubes in TABLES XIII and XIV.
Clearly, the experimental heat transfer enhancement ratios are
significantly lower than the enhancement ratios predicted by
the active surface areas. TABLES XV and XVI contain a similar
comparison for the shallow radiussed root finned tubes.
Figure 5.19 is a comparison of the Masuda and Rose model
[Ref. 6] (equations 2.14, 2.15, 2.37, and 2.38) for the total
surface area and active surface area enhancement ratios for
rectangular shaped and radiussed root finned tubes. Using the
Fortran Program HEATCOBB, the surface area ratios for the
copper finned tube used by Briggs, Wen, and Rose [Ref. 28]
were reproduced in Figure 5.19. Their finned tubes had a fin
height of 1.59mm, a fin thickness of 0.5mm, and a fin spacing
of 1.0mm and 1.5mm (although numerous theoretical spacings are
included in Figure 5.19). Their tubes had as inside diameter
of 9.53mm, and a root diameter of 12.7mm. In Figure 5.19,
comparing the curves for the tube dimensions used in [Ref. 28]
to the rectangular shaped finned tube dimensions in this
thesis, the change in the total surface area from a
rectangular shaped finned tube to a radiussed root finned
(equation (2.14) minus equation (2.37)) decreased nearly twice
the amount, 13.5% to 8.9% respectively. Also, the increase in
the active surface area (equation (2.38) minus equation

(2.15)) was less for the finned tube in this thesis compared
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to the finned tube in [Ref. 28], 43% and 56%, respectively.
TABLE XVII is a comparison of the experimentally obtained heat
transfer enhancement ratios (where ¢, is the average
enhancement ratio over the range of temperature differences
based on a smooth tube of root diameter for the rectangular
shaped finned tube and €41 s is for the deep radiussed root
finned tube of the same root diameter) and the active surface
area enhancement ratios (where ¢, is the active area
enhancement by dividing the unblanked finned tube surface area
by the surface area of a smooth tube of root diameter and ¢,
is similar but for the deep radiussed root finned tube) for
rectangular shaped and radiussed root finned tubes. The ¢,
values were obtained from the ratio of the aplhas listed in
TABLE III. Rose et al ([Ref. 28] felt that the small
experimental enhancement from radiussing the fin based root
(1.09) seemed somewhat anomalous compared to the higher ratio
of 1.53 obtained from the active surface area ratios, and the
data needed to be repeated. In this thesis study, the ratio
of the heat transfer enhancement ratios for the radiussed root
finned tube divided by the rectangular shaped finned tube were
less than one whereas the ratio of the active surface area
enhancement ratios was 1.38. This can be attributed to many
things, including less total surface area for the radiussed
root compared to [Ref. 28], less of an increase in active

surface area when compared to [Ref. 28], the actual amount of
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condensate retained between fins of different geometries, and
the actual flooding angle for the radiussed root finned tubes.

Various assumptions have been made in analyzing the data
obtained in this thesis study, but it is evident that more
data is required before all the mysteries associated with this

complex condensation process can be unravelled.
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TABLE III.

INSIDE LEADING COEFFICIENTS AND OUTSIDE ALPHA
VALUES FOR ATMOSPHERIC CONDITIONS.

Tube Type

Tube
Material

Rectangular
Fin

Copper
(Pure)

Shallow
Fillet

Copper
(Pure)

Deep Fillet

Copper
(Pure)

Deep Fillet

Copper
Nickel
(90/10)

Shallow
Fillet

Copper
Nickel
(90/10)

Rectangular
Fin

Copper
Nickel
(90/10)

Deep Fillet

Stainless
Steel (316)

Shallow
Fillet

Stainless
Steel (316)

Rectangular
Fin

Stainless
Steel (316)

Rectangular
Fin

Aluminum
(Pure)

Deep Fillet

Aluminum
(Pure)

Shallow
Fillet

Aluminum
(Pure)

Smooth

Copper
(Pure)

Smooth

Copper
(Pure)
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TABLE 1IV.

INSIDE LEADING COEFFICIENTS AND OUTSIDE ALPHA
VALUES FOR VACUUM CONDITIONS.

Tube Type

Tube
Material

Rectangular
Fin

Copper
(Pure)

Shallow
Fillet

Copper
(Pure)

Deep Fillet

Copper
(Pure)

Deep Fillet

Copper
Nickel
(90/10)

Shallow
Fillet

Copper
Nickel
(90/10)

Rectangular
Fin

Copper
Nickel
(90/10)

Deep Fillet

Stainless
Steel
(316)

Shallow
Fillet

Stainless
Steel
(316)

Rectangular
Fin

Stainless
Steel
(316)

Rectangular
Fin

Aluminum
(Pure)

Deep Fillet

Aluminum
(Pure)

Shallow
Fillet

Aluminum
(Pure)

Smooth

Copper
Lrure)
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TABLE V.

OUTSIDE HEAT TRANSFER COEFFICIENT, h,

FOR ATMOSPHERIC CONDITIONS FOR AT= 30ﬁl.

TUBE TYPE

Copper

Aluminum

Copper
Nickel

(W/(m*2¢K)),

Stainless
Steel

Rectangular 33100 24500 18950 14400
Deep 26600 22750 15500 14450
Radiussed
Shallow 22250 20500 15800 13800
Radiussed
Smooth Tube 12500 NA NA NA I
Nusselt 11000 NA NA NA
Theory
R

TABLE VI. OUTSIDE HEAT TRANSFER COEFFICIENT, h 6 (W/(m“2¢K)),
FOR VACUUM CONDITIONS FOR AT= 12°K.

Tube Type

96

Copper Aluminum Copper Stainless
Nickel Steel
| Rectangular 22900 20950 16400 13000
Deep 20100 18000 13700 11900
Radiussed
Shallow 17000 15800 13300 12000
Radiussed
| Smooth Tube 12800 NA NA NA
Nusselt 11700 NA NA NA
Theory 7




TABLE VII. ENHANCEMENT RATIO BASBED ON BMOOTH TUBE,
€= (h“h‘h) are YOR ATHMOSPHERIC COMDITIONS FOR
AT= 30°K.

Aluminum Copper Stainless
Nickel Steel

Rectangular 1.96 1.52 1.15

Deep 1.82 1.24 1.16
Radiussed

Shallow 1.64 1.26 1.10
7 ggdiussed

TABLE VIII. ENHANCEMENT RATIO BASED ON NUSSELT THEORY,
é s (h‘éh.m) RT; FOR ATMOSPHERIC CONDITIONS FOR
AT= 30°K.

Stainless
Steel

Aluminum Copper

Nickel
Rectangular 3.01 2.23 1.72 1.31

Deep 2.42 2.07 1.41 1.31
Radiussed

Shallow
Radiussed

1.86 1.44 1.26
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TABLE IX. ENHANCEMENT RATIO  BASED
€= (hy/h_,),,, FOR VACUUM CONDITIONS FOR AT= 12°K.

ON 8S8MOOTH TUBE,

Tube Type Copper Aluminum Copper Stainless
Nickel Steel
Rectangular 1.79 1.64 1.28 1.02
Deep 1.57 1.41 1.07 0.93
Radiussed
‘ Shallow 1.33 1.23 1.04 0.94

TABLE X. ENHANCEMENT RATIO BASED

Tube Type

ON NUSSELT

THEORY,
€= (hy/h,),;, FOR VACUUM CONDITIONS FOR AT= 12°K.

Stainless

Copper Aluminum Copper
Nickel Steel
| Rectangular 1.96 1.79 1.40 1.11
Deep 1.72 1.54 1.17 1.02
Radiussed

Shallow

Radiussed

— e —
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TABLE XI. ENHANCEMENT RATIO AVERAGED OVER THE RANGE OF AT FOR
RECTANGULAR SHAPED PINNED TUBES FOR ATMOSPHERIC
CONDITIONS BASED ON NUSSELT THEORY, &,= (h,/hy ), -

Tube

€
eqn (%.34) eqgn 2?t36) (h

Material |
ngger 1 2.71 1.97
Aluminum 10 2.62 1.91 2.40

TABLE XII.

Tube
Material

7 Steel |

Copper 6 2.25 1.61 1.79
Nickel
Stainless 9 1.61 1.14 1.47

ENHANCEMENT RATIO AVERAGED OVER THE RANGE OF
AT FOR RECTANGULAR SHAPED FINNED TUBES FOR
VACUUM CONDITIONS BASED ON  NUSSELT
THEORY, &,,= (h,/h o)+

€
eqn(4.34)

Copper

2.73

Aluminum

2.62

Copper
Nickel

2.23

Stainless
Steel

1.59
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TABLE XIII. ENHANCEMENT RATIO AVERAGED OVER THE RANGE OF
AT FOR DEEP RADIUSSED ROOT FINNED TUBES FOR
ATMOSPHERIC CONDITIONS BASED ON NUSSELT
THEORY, &,= (B,/byg) ;-

Tube Tube No. [ .
Material Hodifie3 Rose
eqn (4.40)

Copper 4.45

Aluminum

Copper
Nickel

Stainless

TABLE XIV. ENHANCEMENT RATIO AVERAGED OVER THE RANGE OF
AT FOR DEEP RADIUSSED ROOT PINNED TUBES FOR
VACUUM CONDITIONS BASED ON NUSSELT THEORY,

4= (Dg/Byyg) 4o

Tube Tube No. €
Material Modifié’g Rose
_eqgn (4.40)

Copper

Aluminum

Copper
Nickel

Stainless
Steel
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TABLE XV. ENHANCEMENT RATIO AVERAGED OVER THE RANGE OF AT FOR
SHALLOW RADIUSSED ROOT FINNED TUBES FOR ATMOSPHERIC
CONDITIONS BASED ON NUSSELT THEORY, &,,= (B,/hy.), -

Tube Tube No. élu

Material Modified Rose
eqn (4.40)

Copper 2 3.75
Aluminum 13 3.68

Copper 5 3.20

Nickel
Stainless 8 2.20

Steel

—
TABLE XVI. ENHANCEMENT RATIO AVERAGED OVER THE RANGE OF

AT POR SHALLOW RADIUSSED ROOT FINNED TUBES FOR
VACUUM CONDITIONS BASED ON NUSSELT THEORY,

€= (By/Dyge) 4y

Tube € €
R
Material Modified Rose (h“pf ffwss)
eqgn (4.40)
Copper 2 3.64 1.57
Aluminum 13 3.57 1.45
Copper 5 3.07 1.16
Nickel
Stainless 8 2.10 1.09
Steel

101




TABLE XVII. COMPARSION OF ACTIVE SURFACE AREA ENHANCEMENT
RATIOS8 TO EXPERIMENTALLY OBTAINED HEAT

TRANSFER ENHANCEMENT RATIOS.

Matatal em (3.15) exp-RST | eqn (3.38) exp RRT Colfu | el
Qu Rose, 0.92 2.77 1.41 3.03 1.53 1.09
cu 0.74 2.57 1.02 2.17 1.38 0.84
A 0.74 2.05 1.02 1.84 1.38 0.90
oN 0.74 1.53 1.02 1.19 1.38 0.75
ss 0.74 1.26 1.02 1.18 1.38 0.94

1Briggs, Wen, and Rose ([Ref.28] tested a copper
rectangular shaped finned tube with the following geometry;
root diameter,D., of 12.7mm; inside diameter ,D;,, of 9.82mm;
fin height of 1.59mm; fin spacing of 1.5mm; fin thickness of
0.5mm. The values were taken directly from Table 1 of [Ref.

28].
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VI. CONCLUSIONS8 AND RECOMMENDATIONS

A. CONCLUSIONS

Steam condensation data were obtained for rectangular
shaped finned tubes (D =13.88mm), deep radiussed root finned
tubes (D,=13.88mm), and shallow radiussed root finned tubes
(D,=14.38mm) made of copper, aluminum, copper nickel (90/10)
and stainless steel (316) under both vacuum and atmospheric
conditions. All tubes had a fin thickness of 1.0mm, fin
spacing of 1.5mm and outer diameter (D))of 15.88mm. Based
upon these measurements, the following conclusions are made:

1. Reliable baseline data have been obtained for finned
tubes of copper, aluminum, copper nickel (90/10) and
stainless steel (316).

2. For finned tubes, the thermal conductivity of the fin
wall material had a significant effect on the
condensation heat transfer coefficient. 1In fact, for
the case of stainless steel, with it’s poor thermal
conductivity, a finned tube can perform worse than a
smooth tube.

3. In going from a rectangular shaped fin to a radiussed
root fin of the same root diameter, the condensation
heat transfer coefficient decreased. This effect was
more pronounced for high conductivity materials, and no
notable change was observed for stainless steel tubes.

4. For rectangular shaped fins, the experimentally
determined heat transfer enhancement ratio for copper
at atmospheric pressure was found to be larger than
that predicted by Beatty and Katz [Ref. 1] and by a
modified version (to include fin efficiency) of Rose
(Ref. 8]. For the other materials tested, as the
thermal conductivity decreased, the data fell below the
Beatty and Katz model and approached closer to the Rose
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model. Under vacuum conditions, the data for all four
materials were in much closer agreement to the Rose
model and significantly below Beatty and Katz.

For a radiussed root finned tube, the experimentally
determined heat transfer enhancement ratio for all
tubes under both atmospheric and vacuum conditions was
significantly less than predicted by the Rose model as
modified to include a radiussed root fin geometry.
Additional experimental data are required to determine
better empirical constants that are utilized in the
Rose model.

B. RECOMMENDATIONS

1.

Retest each tube to obtain additional data in order to
determine the empirical constants used in the Rose
model [Ref. 8].

Manufacture new tubes with the same root diameter
(13.88mm), tube materials and dimensions, but with a
larger fin height of 2.0mm. After testing each tube,
reduce the tube height for the next set by milling
0.25mm off. Continue this process down to a new fin
height that is half the fin spacing.

Manufacture new tubes with a fin height of 2.0mm but
change the fin spacing to 1.0mm. After each data test
set mill 0.25mm off the fin height down to a new height
of 0.5mnm.

Manufacture new tubes with a fin height of 2.0mm and
fin spacing of 1.5mm but change the fin thickness to
0.5mm. After each data set mill 0.25mm off the fin
height down to a new fin height of 0.75mm.

Manufacture smooth tubes of aluminum, copper nickel
(90/10) and stainless steel (316) for comparison with
the smooth copper tube to determine the effect of the
tube wall thermal conductivity on the 1leading
coefficient (Ci) and the alpha (a) for determining the
enhancement of the corresponding finned tubes.

Examine the Rose model [Ref. 8] in closer detail in

order to refine the assumptions made and increase its
validity.
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10.

11.

Recalibrate and verify the operation of each measuring
device in the system apparatus. While the system is
disassembled, check and align the test section to
ensure horizontal orientation.

Modify the apparatus by installing a pressure regulator
for the auxiliary condenser cooling water.

Install a bi-metallic thermocouple and a control
operated valve in the coolant water sump to maintain a
constant temperature of the coolant entering the test
tube.

Install a digital voltmeter to monitor the emf signal
from the electrical switchboard to the data acquisition
unit.

Provide removal lagging pads for the boiler and the

test section to reduce the influence of the
environment.
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APPENDIX A. DATA COLLECTION LIBTING

The program DRPALL, which was used to collect and

reprocess all data, is listed in this Appendix.
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1000t DRPALL

1901+ COMPLETE REVISION JULY 1893 ¢(MEMORY)

1005 MODIFIED: SEP 1992 (O'KEEFE’

1907 MODIFIED: JAN 1892 (LONGS

1009! MOOIFIED: JUNE 1993 (COBB

1010' TO BE USED WITH NON-INSTRUMENTED TUBES ONLY

19111 TAKES DATA IN THE FORMAT OF SWENSEN/O'HEEFE/LONG/COBB

13121 CAN REPROCESS ANY NON-INSTRUMENTED DATA

1813)

10141 THIS PROGRAM WAS USED TO COLLECT ALL THE NON-

1915 INSTRUMENTED DATA TAKEN BY LONG (JAN-JUN 1883) FOR TITANIUM TUBES
10171 AND THE FINNED TUBE DATA (RECTANGULAR AND FILLET RADIUS) OF COBEB (JUN-SEPT

1383)
1018! MEANING OF ALL FLABS IN PRCGRAM
1019!
1920 IFT: FLUID TYPE
10211 150: OPTION WITHIN PRQGRAM
10221 IM: INPUT MCODE
1923 IWIL: VALUE OF Ci USED
10241 IFG: FINNED OR SMOOTH
1925! INN: INSERT TYPE
19261 IWT: LOOP NC. WITHIN PROGRAM
1e2” IWTH: ALTERNATIVE CONDENSER TUBES
1028! IMC: TUBE MATERIAL
1929 ITDS: TUBE DIAMETER
10301 IPC: PRESSURE CONDITION
1931 INF: DIMENSICNLESS FILE REGUIRED
1922 IPF: PLOT FILE REQUIRED
19331 I0V: QUTPUT REQUIRED
1034 IHI: INSIDE HTC CORRELATICON
1935 10C: QUTSIDE HTC THECRY.CORRELATION

1036 COM /Cec/ C(T)

1937 COM /CcSS5/ T85(S5)

1838 COM /CcS6/ TSB(5)

1833 COM /CeS57/ TS7(S)

1048 COM /CcS58/ TE8(S)

1847 COM /Fid/ 1ft, lstu

1042 DIM Emf(20),Tw(B)

1043 COM /Pr/ Qpa(4l) ,Tfm(42) Tfmr K Ipc ,Qpr

1044 COM /W1l/ Nrun,Itm Iwth,Imc,Ife Ijob,lwd,Ifg,Ipco,lfto,lwil,Ihi,loc,Inam K
cu ,Rexp ,Rm ,Ax

1045 COM /Geom/ D1 ,02,01,Do,L,L1,L2

1046 COM /Fric/. Istuo,Inn, Ityp ,Vw,Inamo,Imco,ltds

1847 ODATA 0.10088291 ,25727.94363,-767345.8285,780255965. 81

1048 DATA -9247486589,6.97688E+11,-2.66192E+13,3.94078E+14

1843 READ C(e)

1058 DATA 273.15,2.5943E-2,-7.2671E-7 ,3.2941E-11 ,-9,7719€E-16,9.7121E-20
1981 READ TSS(e)
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19C2
1853
1054
10585
1056
1287
1258
1053
1069
108!
1062
1063
1064
1063
1966
1067
1069
1084
1299
1093
1986
1132
1103
1124
1196
1128
IR R
1112
1118
1116
1117
1118
1119
1120
1123
1124
1128
1129
1132
1133
1138
1136
1138
1141
1144
114§
1146
1148

DATA 273.15,2.5878€-2,-5,98832E~7 -3, 1242E-11 1 . 3278E~-14 ,-1.D18BE-18
READ T56{e)

DATA 273.15,2.5923E-2 ,-7.3933€E~-7,2.8605E~11,1,8717E-158 -2 ,2466E~19
READ TE7(e)

DATA 273.15,2.5931E-2,-7.5232€E-7 ,4.9657E-1) ,-1.2791E~15,6.4402E-20
READ T58: e

Or=,218875 I Qutside diameter of the outlat end

Dssp=.1524 I Inside diametar of stainless steel test section
Ax=PleDssz"2/4

Alp2=0.

L=.1333% | Condens:ng length

L1= 283328 ! Inlet end "fin length”

L2=.334928 } Qutlet end "fin length”

PRINTER IS !

BEEP

PRINT USING "“4X ,“"Select option:i™™"

PRINT USING "BX,"" O Take data or re-process prev:ious fata'"”

Print raw data”""
WILSCN Analysys™""

PRINT USING "BX,"" 1
PRINT USING “Sx,"" 2
PRINT USING "6X,"" 3 MODIFY"*"
PRINT USING "BX,"" 4 PURGE"""
PRINT USING “6X,"" 5 RENAME"""
PRINT USING “"6X,"" 6 MERGE FILES"""
PRINT USING "BX,"" 7 X Y PLOT DATA QUTPUT" ™"
INPUT 1so
{so=Is0+1
IF Iso>1 THEN 30Q94
BEEP
INPUT "SELECT FLUID (2=WATER, 1=R-113, 2=E5)" If$
[fto=ift
BEEP
I;0b=2
INPUT "ENTER INPUT MODE (Q=3054A ,1=FILE)" ,Im
Im=Im+?
BEEP
IF Im=1 THEN
INPUT "ENTER MONTH, DATE AND TIME (MM:DD:HH:MM:SS)" Date$
QUTPUT 7@9:"TD";:Dates
QUTPUT 709:"TD"
ENTER 709;Date$

END IF
IF Ijob=1 THEN
BEEP
INPUT "SKIP PAGE AND HIT ENTER" ,0k
END IF
PRINTER IS 791
IF Im=1 THEN

ENTER 709;Dates
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1159
1158
1183
1156
IR IrA
1174
1186
1189
1192
1195
1138
1201
1204
1207
1210
1211
1212
1218
1217
1213
1219
122

1221

222
122
1227
1228
1231
1234
1235
1236
1238
1239
1241
1242
1249
1259
1282
1253
1255
1256
1257
1258
1258
1260
1261
1262

1263

PRINT Month, date and time :";Date$
END IF
PRINT
PRINT USING “10X,""NOTE: Program name : DRPALL"""
IF I ob=1 THEMN 1189

BEEP

INPUT “SELEST (C1:9=FIND,1=STORED Ci1)" ,Iwil

IF Im=! THEN
BEEP
INPUT “SIVE A NAME FOR THE RAW DATA FILE" ,0_file$
PRINT USING "1E€X,""File name Pt L, 14AY;D_fileS

CREATE BDAT D_files$ 630
ASSIGN 9F:le TO D_files

BEEP

INPUT "ENTER GEOMETRY CODE (1=FINNED,2=PLAIN)" Ifg
Inn=Q

PRINTER IS 1

BEEP

PRINT " ENTER INSERT TYPE:"
PRINT * Q=NONE (DEFAULT)"
PRINT * 1=TWISTED TAPE"
PRINT ™ 2=WIRE WRAP"
PRINT * 3=HEATEX"

INPUT Inn

QUTPUT RF:.le:1fg,Inn
Iwt=d ' FOR UNINSTRUMENTED TUBE
Fh=Q
Fo=d
Fu=0
Istu=0
Istuo=Istuy
IF Ifg=0 THEN 1241
INPUT “FIN PITCH, HEIGHT AND WIDTH IN MM, Fp ,Fh Fuw" ,Fp,Fh ,Fuw
QUTPUT @OF1le;Iluwt ,Fp ,Fw,Fh
ELSE
BEEZP
PRINTER IS !
PRINT = STUDENT'S DATA TO BE REPROCESSED:"
PRINT * Q=SWENSEN/O'KEEFE/LONG/COBB (DEFAULT)"
PRINT * 1=YAN PETTEN/MITROU/COUMES/GUTTENDORF"
INPUT Istu
Istuo=Istu
BEEP
PRINT
IF Istu=1 THEN
PRINT * STUDENT NAME:"
PRINT " @=UAN PETTEN"
PRINT " 1=MITROU"
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1286
1287
1288
1289
1290
1291
1292
1253
1294
1295
1296
1297
1288
1299
1300
1301
1303
1304
1305
1306
1307
1328
1329

OF THE EXISTING DATA FILE" ,0_f1le$

“16% ,""Data
"16X,""Data
"16X% ,""Data
"16X,""Data
"1864,""Data
“18X ,""Data
16X ,""Cata
“18%,""Cata

saken

taken

taken

taken

taken

taken

taken
taken

by
by
by
by
by
by

by
by

FRINT USING "1BX,""This analys:s done on file :

PRINT " Z=COUMES"
PRINT " 3=GUTTENCCRF®
ELSE
PRINT " 4=SWENSEM"
PRINT * S=Q'KEEFE"
PRINT " o=LONG"
PRINT " 7=COEB"
END IF
INPUT Inam
Inamo=:Inam
BEEP
INPUT "GIVE THE NAME
PRINTER I35 70!
IF Inam=Q THEN PRINT USING
IF Inam=1 THEM PRINT USING
IF Inam=2 THEN PRINT USING
IF Inam=3 THEN PRINT USINF
If Inam=4 THEN PRINT USING
IF Inam=5 THEN PRINT USING
IF Imam=6 THEN PRINT USING
IF inam=7 THEN PRINT USING
PRINTER IS 1!
BEEP

INPUT “ENTER NUMBER OF DATA 3ETS STCRED" ,Nrun

ASSIGN dF1le TO D_file$

ENTER @F:1le;Ifg,Inn
IF Istu=@ THEN

ENTER ®F1le;Iwt ,Fp,Fw ,Fh

ELSE

IF Ifg=0 THEN ENTER @File;lwt
I1F Ifg=1 THEN ENTER 3File:Fp,Fw,Fh

END IF

END IF
IF Istu=1! AND Inn=! THEN Inns=Z
IF Ijob=1 THEN 1537
IF 1f4>0 THEN 1348
BEEP

PRINTER IS !
PRINT USING "4X,"
PRINT USING "6X,""® SMOCTH TUBE"""
PRINT USING "8X,”"1 FINNED TUBE RECTANGULAR)"""

"Select tube type:"""
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: COUMES™*®

¢ BGUTTENCO

: SWENSEN®

: O'KEEFE"

: LONG™ ™™
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“tIQAT D _filed




1320
LI i
t 2o
[ e S-Sl
1 -

- s -~

1333
1334
1338
1327
13328
1339
1349
1341

1342
1347
1344
1345
1348
1347
1349
1359
1351

1353
1357
1360
1363
1364
1367
1368
1372
1378
1378
1377
1378
1379
1380
1381

1383
1384
1385
1386
1387
1368
1389
1390
1391

1393
1394
1395
1396

PRINT USING “BX,""2 WIRE-WRAPPED SMOOTH TUBE"""
PRINT USING “SX,""3 LPD KQURODENSE TugBe"""

PRINT USING "6x,""4 WIRE-WRAPPED LPD KOROQUENSE TUBE™"
PRINT USING "BX,""S MHT KORODENSE TUBE """

PRINT USING "6X,""6 W[RE-WRAPPED MHT KORODENSE TUBE" "'

PRINT USING "S§xX ,""7 FINNED TUBE (SHALLOW FILLET"""
PRINT USING “B6X,""8 FINNED TUBE (DEE® FILLET“*"
INPUT Ityp
PRINTER IS 701
BEEP
PRINTER IS 1
PRINT USING "4X ,"“Select Material Code:"""
PRINT USING "Bx,“"@ COPPER 1 STAINLESS STEEL"""
PRINT USING "BX,""2 ALUMINUM 3 90Q:10 CU/NI"*"
PRINT USING “8X,""4 TITANIUM """
INPUT Imc
Imco=Ime
PRINTER IS !
BEEP
Itds=1
PRINT USING "4X,""SELECT TUBE DIA TYFE:"""
PRINT USING "SX,""@ SMALL"""
PRINT USING "6X,""1 MEDIUM (DEFAULT """
PRINT USING "BX,""2 LARSE"""
PRINT USING "BX,""3 SMALL (COBB)"""
FRINT USING "BX,""4 OTHER (LPO/MHT) """
INPUT Itds
IF (1typ=d OR Ityp=1 OR Ityp=2) ANC Imc=0 THEN
IF Itds=0 THEN
D1=.208525
Do=.0127
END IF
IF Itds=1 THEN
D1=.0127
Do=.01905
END IF
IF Itds=2 THEN
Di1=.0127
Do=.025
END IF
IF Itds=3 THEN
D1=.0127
Do=.21388 'DEEP DEPTH
Do=.01438 1SHALLOW DEPTH
END IF
IF Itds=4 THEN
PRINT USING "6X,""ERROR - NO COPPER LPD/MHT"""
END IF
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1397 &N IF

1388 IF (Ityp=1 OR It,p=2) AND Itds=3 THEN
13939 Di=.2:27

1302 Do=.21382

1422 END IF

1407 IF Ityp=7 AND Itds=3 THEN

1304 Di=.2127

1405 Co=.0Q'2:38

13495 ENC IF

14Q8 IF (Ivyp=3 JR It,p=4) AND Imc=4 THEN

1403 Di= 21247

1819 Do=.Q!C8C

1411 ENC IF

1457 IF Ityp=3 OR I:yp=2' AND Imc=4 THEN
14€3 Do=.Q'385

1483 Ci=.3!.36

146Q END IF
14617 IF (Ityp=5 QR Ityp=5) AND Imc=4 THEN

1452 Do=.2!527
1483 D1=.21353
1455 END IF

1487 D1=.0180¢S

1483 02=.213585

1478 IF Itds=3 QR [tds=4 THEN D1=,91535

1484 IF (Ityp=d OR It,p=2) AND Imc=4 THEN D!=,Q1585

1492 THERMAL CONDUCTIVITIES TAKEN FROM “THERMOPHYSICAL PROPERTIES OF MATTER"
14337 THE TPRC DATA SERIES - VOLUME !

1484 IF Imc=d THREN Xcu=390.8

1495 IF Imc=1 THEN Kcu=14.3

1496 IF Imc=Z THEN Kcu=231!.8

1437 IF Imc=3 THEN Ycu=S8S.3

1438 IF Imc=4 THEN xzu=18.3

1499 Rm=Do+*L06iQo/D1)/(2eKcu) ' Wal] resistance based on outside area
1891 BREEP

1504 INPUT "ENTER PRESSURE CONDITION (@=y,1=A)"  Ipc
1807 1Ipco=Ipc

1508 1Inf=Q
1519 BEEP
1837 Ifaes=)

1§38 PRINTER I3 701
1943 PRINT USING “16X ,""This analysis includes end-fin sffect”""

1846 PRINT USING "18X,""Thermal conductivity = " 3D.D,"" (W/m.K)"""iKeu
1549 PRINT USING "16X,""Inside diameter, D1 = ** D0.0D,"" (mm)""";D1+1000
1882 PRINT USING "15X,""Outside diameter, Do = " DD.D0,"" (mm)*""":Doe1000
1856 Ihi=Q

1887 PRINTER IS 1

1858 PRINT " SELECT INSIDE CORRELATION:™

1858 PRINT @=SIEDER-TATE (DEFAULT)”
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1560 PRINT 1=SLEICHER-ROUSE"
158) PRINT * 2=PETUKHCY-POPQY"
1582 INPUT Im

1863 IF Ihi=23 THEN

1564 BEEP

1568 INPUT SELECT REYNOLDS EXPONENT" ,Rexp

1887 END IF

1563 Ioc=d

1863 BEEFP

1570 PRINT

1571 PRINT SELECT QUTSIDE THEORY/CORRELATION FOR WILSON ANALYSIS:*
1872 PRINT * O=NUSSELT THEJRY (DEFAULT)"

1873 PRINT 1=FUJII (13975) CORRELATICON"

1574 INPUT loc

1575 BEEP

1876 Itm=1

1§77 PRINT

1578 PRINT SELECT COOLANT TEMPERATURE RISE MEASUREMENT:"
1579 IF Istu=0 THEN PRINT " @=3INGLE TEFLON T/C"

15680 PRINT ° 1=QUARTZ THERMOMETER (DEFAULT)"

1881 PRINT ° o=1Q0-JUNCTION THERMQPILE"

18382 INPUT Itm

1883 PRINTER IS 701

1584 IF Itm=Q0 THEN PRINT USING "16X,""This analys:s uses the SINGLE TEFLON T/C
readings”""

1885 IF Itm=! THEN PRINT USING "16X,""This analysis uses the QUARTZ THERMOMETER
readings”"”

1986 IF Iim=2 THEN PRINT USING "1BX,""This analysis uses the 19-JUNCTION THERMQ

PILE meadings "

1887 Iic=1 t FGR MODIFIED WILSON

1586 IF Ihi=3 AND Inn=d THEN C1=.027

1891 IF Ihi=@d AND Inn=2 THEN C1=.05

1552 IF Ihi=d AND Inn=3 THEN C1=.07

1894 IF Ihi=i QR Ihi=2 THEN

1595 IF Inn=0 THEN C1=!.0

1597 IF Inn=2 THEN Ci=2.0

1588 IF Inn=3 THEN C1=2.5

16899 END IF

1601 IF Iwil=! THEN

1602 BEEP

1683 INPUT “ENTER Ci1 IF DIFFERENT FROM STORED VALUE' ,C)
1604 END IF

1605 PRINTER IS 70!

1606 IF Thi=Q0 THEN PRINT USING "1BX,""Modified Sieder-Tate coefficient - " 2
.4D0";C3

1607 IF Ihi=@ THEN PRINT USING "16X,""Chosen Reynolds No. exponent = "* D
.DD" ;Rexp

1628 IF Ihi=i THEN PRINT USING "18X,""Modified Sleicher-Rouse coefficient - "
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“,2.4D":C

“184,""Mod1fied Peatukhov~-Popov coeffic.ent =

no 1nser?t

inside tube”""

18X, ""Using wire wrap insert ins:ce tuhe"""

"L lov
Enhancement
Enhancement
Enhancement
Enhancement
Enhancement
Enhancement
Enhancement
Enhancement
Enhancement
material
material
material

material
material

"Pressure condition

“Using HEATEX 1insert i1nsige tube” "

: SMOOTH TuBg"""
: RECTANGULAR FINNED

: WIRE-WRAPPED SMOOTH
: LPD KORODENSE TUBE"
: WIRE-WRAPPED LPD KO
: MHT KORODENSE TUBE"
: WIRE-WRAPPED MHT KO
: SHALLOW FILLET FINN
: DEEP FILLET FINNED

: COPPER"""

: STAINLESS-STEEL"""

: ALUMINUM™ “ "

: 90/10 CU/NI"""

: TITANIUM® ™"
i VACUUM® "

1608 IF lhi=2 TWEN FRINT USING

*,2.40":%

1610 1IF Inn=D) THEN FRINT USING "1BX,""Using
16811 IF Inn=2 THEN PRINT USING

1612 IF Inn=3 THEN PRINT USING "18X,"

162@ IF Tic=) THEN Ac=9.

162!  BEEP

1622 IF I;jzb=1 THEN 1648

1623 FRINTER IS 1

16241 INPUT "NAME FOR A TEMPORARY PLOT FILE (TD BE PURGED)" ,P_file$
1625 P_files="QUMMY"

1626 BEEP

1634 CREATE BDAT P_fi1le$,30

1644 ASSIGN BF:lep TO P_files

1648 IF I cb=1 THEN

1851 lov=1

1654 5070 16E7

1857 END IF

1662 BEEP

1661 INPUT “SELECT QUTRPUT (Q=3HCRT, 1=LONG,
1666 Iov=lcov+!

1667 PRINTER IS 7!

1872 IF Ityp=0 THEN PRINT USING "16X,""Tube
1673 IF Ityp=1 THEN PRINT USING "16X,""Tube

TUBE"""

1674 IF Ityp=2 THEN PRINT USING "16X,""Tube
TUuBgE" "

16875 IF Ityp=3 THEN PRINT USING "16X,*"Tube
1678 IF Ityp=4 THEN PRINT USING "16X,""Tube

RODENSE TUBE"""

1679 IF Ityp=5 THEN PRINT USING "16X,""Tube
168@ IF Ityp=8 TMEN PRINT USING "16X,""Tube

RODENSE TuBgE"""

1681 IF Ityp=7 THEN PRINT USING "16X,""Tube

ED TUBE"""

1682 IF Ityp=8 THEN PRINT USING "16X,""Tube

TUBE"""

1683 BEEP

1684 IF Imc=0 THEN PRINT USING "16X,""Tube
1685 IF Imc=1 THEN PRINT USING "16X,""Tube
1686 IF Imc=2 THEN PRINT USING "16X,""Tube
1687 IF Imc=3 THEN PRINT USING "158X,""Tube
1688 IF Imc=4 THEN PRINT USING "1BX,""Tube
1688 IF Ipc=0 THEN PRINT USING "1BX,"

1680 IF Ipe=! THEN PRINT USING

"16X,""Pressure condition @
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18351
7.00"
1892
1693
1694
1686
1689
1702
17:2

1722
L

1723

1724
Ts

1728
(C)

1726

1728
T

PRINT USING “18X,""Fin pitech, width, and height ‘mm): “* D0.DD,2%,2.D00,2X,

iFo ,Fu ,Fh
IF lwil=d AND Im=2 THEN
I;o0=!
iwg=!
CALL Wilson(Ci)
END IF
J=2
IF Iovs=! THEN
PRINT
IF Ihi=1 THEN
PRINT USING "10X ,““Data Vuw Uo Ho
Rexp"*""
PRINT USING “10X,“" &% (m/s) (W/m"2-K) (W/m"2-K)
{G=R)"""
ELSE
PRINT USING "10X,""Data Vu Uo Ho
cf LK

PRINT USING “10X,"" % (m/s) (W/m"2-¥) (W/m"2

)y (CHy -

END IF

eND IF

<=0

Ix2=0

Ixy=2

ly=0

Sx=Q

Sy=2

Sxs=Q

Suy=0

Go_on=1

Repeat:!

J=J+1

IF Im=1 THEN
BEEP
INPUT "LIKE 7O CHECK NG CONCENTRATION (1=Y d=N)?" Ng
IF J=t .THEN

OUTPUT 7@9;"AR AF4Q AL41 URS"
QUTPUT 709;"AS SA"

END IF
BEEP
INPUT “ENTER FLOWMETER READING" Fm
OUTPUT 709;:"AR AFBQ ALB2 VRS"
QUTPUT 709;"AS SA"
ENTER 709;:Etp
QUTPUT 709;:"AS SA"
BEEP
INPUT "CONNECT VOLTAGE LINE" Ok
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1825 ENTER 7@9:8Bvol

1828 SEEF

183 INPUT “DISCONNECT WOLTAGE LINE" ,Ck
1834 17 Bvol..1 THEN

1837 BEEP

1349 BEEP

1342 INPUT “INVALID VOLTAGE, TRY AGAIN!" 0k
1846 6070 1819

1849 END IF

1858 DUTPUT 709;: “AS SA”

186! ENTER 708;:Bamp

1862 Etp=Etp+! .E+b

1863 QUTPUT 709;"AR AF4Q AL4T URS™

1874 Nn=7

1876 FOR I=0 T0 Nn

1879 OUTPUT 709;"AS SA”

1885 Se=0

1888 FOR K=1 TO 19

1891 ENTER 70QS;E

1894 SesSe+E

1897 NEXT K

1900 Emf(])=ABS(Se/10)

19186 Emf(I)=Emf(Iel [ E+B

1918 NEXT 1

1921 QUTPUT 709:"AS SA"

1924 JUTPUT 713;“TIR2E"

1927 WAIT 2

1930 ENTER 713;T41

1933 QUTPUT 7133 TZRIE™

1936 WAIT 2

1939 ENTER 713:72

1942 QUTPUT 7135:"TIRZE"

1945 WAIT 2

1948 ENTER 713;T12

1851 Ti=(T11+T12)».5

1954 OUTPUT 713;"T3R2E"

1960 BEEP

1970 INPUT "ENTER PRESSURE GAGE READING (Pga)" ,Pga
1971 Pvap!=Pga+5894.7 | PSI TO Pa

1972 QUTPUT 7@9;"AR AFE4 ALB4 VURS"

1973 OUTPUT 708;:"AS SA" t PRESSURE TRANSDUCER
1974 Ss=0

1975 FOR K=1 T0O 20

1976 ENTER 708:Etran

1977 Ss=Ss+Etran

1978 NEXT K

1979 Ptran=ABS(Ss/20)

1980 BEEP

1981¢ PRESSURE IN Pa FROM TRANSDUCER
1982 Pvap2=(-2.93604+Ptran+14,7827)+8884.7
1985 ELSE

1986 iIF Istu=d THEN

1989 ENTER @F:le:Bvol ,Bamp ,Etp,Fm,T1,T2 ,Pvap! ,Pvapl Emf(e)
1990 gLSE
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1992 ENTER 3F1le:Bvol ,Bamp ,Vtran E4p Emf(@) Emf(1) Emf(2) Emf(3) Emf(4) F
m T1,T2,Phg ,Puater
1994 END IF

1856 IF J=1 OR J=2Q OR J=Nrun THEN
1997 Ng=1

1398 ELSE

1999 Ng=9

2000 END IF
2002 END IF
2002 IF Istu=@ THEN

2008 Tsteam!=FNTvsvS7(Emf(Q))
2009 Tateami=Tgteam1-273,15
2010 Tsteam2=FNTvsvSB(Emf(1 )
2011 TsteamZ=Tgteam2-273.15
2012 Tsteam=Tsteam!

2015 Troom=FNTvsvEB(Emf(2))
2023 Troom=Troom=-273.15

2038 TconsFNTvsvaB(EMFf{7))
2039 Tcon=Tcon-273.18

2042 ELSE

2043 Testeam=FNTvsv(Emf(Q))
2044 Troom=FNTvsv(Emf(3))
2045 Tcon=FNTvsv(Emf(4))

2046 END IF

2048 Psat=FNPvst(Tsteam)

2058 Rohg=13529-122+(Troom~25.85)/59
2053 Rowater=FNRhow(Troom)

2063 IF Istu=Q THEN

2081 Ptesti=Pvap!

2082 Ptestl=Pvap?

2083 ELSE

2084 Ptest2=(Phg*Rohg-Puwatar+«Rowater )+39,81/1000

2885 END IF

2087 Pks=Psate! . E-3

2088 Pkp=Ptestle1 . E-3

2090 Pkt=Pks

2091 Ttiran=FNTvsp(Ptest2)

2092! PRINT Psat ,Ptestl Ttran, Tsteam
2098 VUst=FNUvst(Tsteam)

2104 Ppng=(Ptest2-Psat)/Ptest?

2121 Ppst=i-Ppng

2122 Muv=18.016

2123 IF Itt=1 THEN Muv=137 ! TQO BE CORRECTED
2124 IF 1ft=2 THEN Muv=B2

2125 VUfng=(PtestZ-Psat)/Ptest2

2126 Mfng=1/(1+(1/VUfng-1)eMwv/28.97)
2127 MeEng=Mfnge*100

2128 VUfng=Ufng+100
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2131
134
2137
21381
2139
2142
2141
2142
2144
2145
2146
2149
2182
2185
B %"
2158
6 %"
2158
2161
~1p4
2187
2170
2173
2176
2179
2182
2188
2188
2191
2194
2157
2200
2203
2206
2209
2212
2215
2218
2221
2224
2227

223

2233
2236
2238
2242
2243
2282

BEEP
IF Iov=2 THEN

PRINT
RECORD TIME GF TAKING DATA
IF Im=1 THEN

QUTPUT 70@%9;"TD"
ENTER 709;Tolds
END IF
PRINT USING "10X,""Data set number = “* 0D,4x,14A" ;] ,Tolds$
QUTPUT 709; AR AF40 AL40 VURS”
QUTPUT 709;“AS SA"
END IF
IF lov=2 AND Ng=1 THEN
IF Istu=0 THEN PRINT USING "t10@X,"" Psat Ptran Tsat Ttran

IF Istu=1 THEN PRINT USING "1@X, " Psat Pman Tsat Tman

PRINT USING “10X,”" (kPa) {kPa) (C) (C) Molal """
PRINT USING "1IX,5(H3D.D,2X)";Pks,PkD,Tateam,Ttran,ang
PRINT
END IF
IF Mfng>.5 THEN
BEEP
IF Im-=; AND Ng=! THEN
BEEP
PRINT
PRINT USING “10X,""Energize the vacuum system """
BEEP
INPUT "OK TO ACCEPT THIS RUN (1=Y @=N)?" 0Ok
IF Oh=@ THEN
BEEP
DISP "NOTE: THIS DATA SET WwILL BE DISCARDED!'! ©
WAIT §
60TO 1780
END IF
END IF
END IF
IF Im=1 THEN
{F Fm<1@ OR Fm>100 THEN
Ifm=0
BEEP
INPUT "INCORRECT FM (1=ACCEPT ,0=DELETE)" ,Ifm
1F Ifm=0 THEN 1804
END IF
END IF
ANALYS1S BEBINS
IF Istu=0 THEN
Ti1I=FNTvsvSB(EmF(3))
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2272
2292
2312
2332
2352
2353
2354

2355
2358
2359
2361

TPILE

2362
2364
2365
2367
2369
2370
2375
23717
2378
2379
2380
2381
2382
2383
2384
2385
2387
2388
2388
2392
23983
2394
2395
2396
2397
2398
2399
2400
2401
2402
2403
2404
2405
2406
24071

Tol=FNTvsvEB(Emf(4))
TileTi1-273.15
Tol=To1~-273.15
Tdell=To1-Ti?
Tdel2=T2-T1
Etpl=Emf(3)+Etp/20.

Dtde=2.5931E-2~1.50464E-G*Etp1+1.217Q1E-1Q+Etp1°2-5.1164E~15Etp1°3+3.2
201E~19«Etp! "4

Tris=Dtde*Etp/10.
To3=Til+Tris
IF Iov=2 THEN

PRINT USING “1X,""

TINI TOUT!

PRINT USING “i1X,"" (SINGLE)

TINZ TOUT2  DELT DELTZ

(QUARTZ)

PRINT USINE "2X,7(30.D00,2X)"3Ti1 ,To! ,T1,72,Tdel! ,Tdel2,Tr1s

END IF
Ert=ABS(Tit-T1)
PRINTER IS 1
BEEP
Er2=ABS((T2-T1)=(Tris))/(T2-T1)
IF Er2>.05 AND Ime=1 THEN

BEEP

PRINT “QCT AND T-PILE DIFFER BY MORE THAN SX°

Ok2=1

IF Ok2=0 AND Er2>.05 AND Im=) THEN 1780

ENO IF
PRINTER IS 701
ELSE
Tsteam=FNTvsv(Emf(Q))
Til=FNTvsv(Emf(2))
Grad=FNGrad((T1+4T72)e¢.5)
To3=T11+ABS(Etp )/ (1 @eGrad)el .E+E
END 1IF
IF Istu=0 AND Itm=0 THEN
Tein=Tit
Tecout=To!
END IF
IF Itm=1 THEN
Tein=TI
TeoutesT2
END IF
IF Itm=2 THEN
Tcin=Ti1
Tcout=To3
END IF
Tavg=(Tcin+Tcout )».5
Trise=Tcout-Tcin
PRINT Trise
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2414
2415
2416
2417
2418
2418
2420
2422
2423
2424
2425
2426
2427
2428
2429
2430
2431
2432
2433
2434
2447
2448
2449
2451
2452
2453
2455
2458
2457
2458
2459
2461
2483
24865
2466
2487
2468
2470
2471
2472
2473
2474
2475
2476
2477
2478
2479
2481

Ift=d

Cpw=FNCpuw( Tavg)

Rhow=FNRhow( Tavg )

Kw=FNKw(Tavg)

Muwa=FNMuw(Tavg)

PrusFNPru¢ Tavg)

Ift=1fto

IF Istu=@ THEN
Mdt=(5.7403«Fm+13.027)/1000.
Md=Mdgte(1,0365-1.96644E-3¢Tc1n+5,.262E-6+Tc1n"2)/1.0037

ELSE
Mdt=1.Q04BOSE-2+6.80932E-3¢Fm
Md=Mgte(1,0365-1.96644E-3¢Tc ;n+5.252E-B*Tc1n"2)/.995434

END IF

VUf=Md/Rhow

VwsUf/(PleDi"2/4)

Tcor=FNTfric(Trise)

Trise=Tcor

Tecout=Tecin+Trise

Lmtd=Trise/L06({(Tsteam-Tecin)/{(Tsteam=-Tcout))

Q=Md*CpueTrise

Qp=Q/(PIe*Doe*L)

Uo=Qp/Lmtd

PRINT Trise,d,Do0,L,Qp.Lmtd Vo ,Vu

Rei1=RhowsVw+Di/Muwa ! ASSUMED SAME FOR KORODENSE

Ift=0

Fai=0.

Fe2=0.

Cf=1,

Prufe=Pryu

Rei1f=Rej

IF Ihi=@ THEN
Omega=Rei “Rexp*Pru” .3333+Cf

END IF

IF Ihi=1 THEN
Sra=.88-(.24/(4,+Prwf))
Seb=,333333+.S¢EXP(~-.6+Pruf)
Omega=(S5.+.015+Reif "SrasPruf"Srb)

END IF

IF Ihi=2 THEN
Epsi=(1.82¢L6T(Re1)~1.64)"(~2)
Ppki=) +3.4¢Epsi
Ppk2=11.7+1.8*Pru(~1/3)
Ppi=(Epsi/B)eReiePry
Ppl=(Ppk1+Ppk2+(Epsi/B)" .S¢(Pru".6666-1))
Omega=Pp!/Pp2

END IF

Hi=Kw/Di*Cie0Omega
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2482 IF lfe=@ THEN 6070 249!
2483 P1=PI+(Di+01)

2484 Al=(D)1-Di)ePIe(DI1+D1)e.5
248S Mi=(HieP1/(KcuesAl))".5
2486 P2=PI«(D1+D2)

2487 A2=(D2-Di)ePles(Di+D2)e.S
2488 M2=(HieP2/(KcueA2))".5
2489 FelsFNTanh(MieL1)/(MieL 1)
2490 Fe2=FNTanh(M2eL2)/(M2eL2)
2491 Dt=Q/(PIeDie(L+L1oFel+L2oFe2)eH1)
2492 IF Ihi=Q THEN

2494 Cfc=(Muwa/FNMuw(Tavg+Dt))-.14

2495 IF ABS((Cfc-Ct)/Cfc)>.001 THEN

2437 Ct=(Ct+Cfc)e.5

2500 60T0 2461

2501 END IF

2503 END IF

2504 IF Ihi=1 THEN

2505 Prufc=FNPru(Tavg+Dt)

2506 Reifc=Vw*Di*FNRhow( Tavg+Dt )/FNMuw( Tavg+Dt)
2507 IF ABS((Prufc-Pruf)/Prufc)>.001 OR ABS((Reifc-Reif )/Reifc)>.001 THEN
2508 Prufs(Prufc+Pruf)/2.

2509 Reif=(Reifc+Rerf)/2.

2510 60TO 246!

2511 END IF

2513 END IF

2516 Ift=Ifto

2521 Ho=1/(1/Uo-DoeL/(Dis(L+L1eFel+L2*Fe2)eH1 )~Rm)
2822 Tcf=Qp/Ho

2525 Cpsc=FNCpuw((Tcon+Tsteam)s.5)

2526 Hfg=FNHfg(Tsteam)

2527 Two=Tsteam-Qp/Ho

2528 TfilmeTsteam/3+Tuwo*2/3

2530 Kf=FNKw(Tfilm)

2533 Rhof=FNRhow(Tfilm)

2536 Muf=FNMuw(Tfilm)

2537 Hfgp-FNHFQ(Tstean)*.SBOFNCpu(Tfiln)O(Tstean-Tuo)
2539 HDQ'.SS"Kf'(RhO,‘Z'Q.B"Hfgp/(ﬂuf’Do’Qp))'.3333
2541 Hnuss-.7280(Kf“3°9.Bl'HfngRhof“Zl(Huf’Doc(Tstean-Tuo)))‘.25
2542 Alpli=_,728+Ho/Hnuss

2548 Tfm(J-1)=Tfilm

2551 Qpa(J-1)=Qp

2554 YsHpqeQp“.3333

2557 X=Qp

2560 Sx=Sx+X

2563 Sy=Sy+Y

2566 Sxs=Sxs+X"2

2569 Sxy=Sxy+XeY
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2572 Ql=500

2575 Qloss=Q1/(100-25)e(Tsteam-Troom) ! TO BE MODIFIED
2584 Mdv=0

2587 Bp=(Bvol*100)"2/5.76

2590 Hsc=Cpsce*(Tsteam-Tcon)

2593 Mdvc=((Bp-Qloss )-MdveHsc)/Hfg

2596 IF ABS((Mdv-Mdvc)/Mdvc)>.@1 THEN

2599 Mdv=(Mdv+Mdvc)e.S
2602 6070 2593
2605 END IF

2808 Mdv=(Mdv+Mdvc)e.S5

2611 VUg=sFNUvst(Tsteam)

2614 VYvsMdvelg/Ax

2620 F=(9.81¢Do*MufeHfg)/ (Vv "2eKte(Tsteam-Two)}

2623 Nu=Hoe*Do/Kf

2626 Ret=UveRhofeDo/Muf

2629 Nr=Nu/Ret".S5

2639 Hfuj=.98¢(9.81eHfgp/Tcf)".2Kf".BeUv".1eRhof".5/(Do*Muf)*.3
2635 IF Iovs=2 THEN

2645 PRINT )

2647 PRINT USING °5X,"" Vuw Rei Hi Vo Hfuy(DT)
Mnu(DT)"""

2650 PRINT USING "SX,Z.DD,1X,3(MZ.3DE,1X),3%,2(MZ.3DE,3X)"1Vw Re1 Hi Uo Hfu)

,Hnuss

2651 PRINT

2653 PRINT USING “SX,"" Vv Ho q Tef Tfilm T

stm" "

2655 PRINT USING6 "SX,Z.DD,1X,S(MZ.30E,1X)"iVv Ho,Qp,Tcf Ttilm Tsteam

26586 PRINT

2658 END IF

2659 IF Iov=! THEN
2660 IF Ihi=1 THEN

2661 PRINT USING ~11X,DD,2X,2.0D,1X,3(MD.3DE,1X),2¢(30.00,1X),0.0D00"3J ,Vu Vo,
Ho,0p ,Tcf ,Tasteam ,Sra

2662 PRINT USING "“SX,"" Tfilm """ Tfilm

26864 ELSE

2668 PRINT USING6 "11X,DD,4Xx,2.0D,2X,2(MD.3DE,2X),2.3DE,3X,30.0D0,2%,30.00":J ,Vu
,Uo ,Ho ,Gp ,Tef ,Tsteam

2671 END IF

2674 END IF

2675 IF Im=2 THEN

2684 IF (lwil=0 AND Ijob=1) OR Iwil>®@ THEN OUTPUT ®Filep:Qp ,Ho
2694 END IF

2707 BEEP

2708 1IF Im=1 THEN

2709 IF (lwil=0 AND Ijob=1) OR lwil=1 THEN OUTPUT @Filep:iQp , Ho
271 INPUT "CHANGE TCOOL RISE? 1=Y, 2=N" Itr

2M2 IF Itr=1 THEN 60TQ 2384
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2713
2758
27186
2728
2738
2749
2752
2758
2758
2761
2764
2767
2770
2773
2778
2779
2782
2785
2788
2791
27941
2797
2800
2803
2806
2809
2812
2815
2818
2822
2824
2827
2830
2833
28431
2953
2863
2873
2883
2884
2885
2886
2887
2888
2889
2890
2891
2892

BEEP
INPUT “OK TO STORE THIS DATA SET (i=Y @=N)?" Oks
IF Oks=1 THEN
OUTPUT @F1le;Bvol ,Bamp ,Etp.Fm ,T1 T2 Pvap! ,Pvapl Emf(e)
Alp2=Alpi+Alp2
ELSE
J=J-1
END IF
BEEP
INPUT “WILL THERE BE ANOTHER RUN (1sY Q@=N)?" Go_on
Nruns=]
IF B6o_on<>0 THEN Repeat
ELSE
IF J<{Nrun THEN Repeat
END IF
IF I ob=1 THEN 2809
If Iwil=0 THEN
ASSIEN @File TO »
1job=1
Tud=1
CALL Wilson(Ci)
Im=2
ASSIGN @File TO D_files
60T0 1136
END IF
IF 1¢g=0 THEN
PRINT
Sl=(NruneSxy~-Sy*Sx }/(NruneSxs-Sx"2)
Ac=(Sy-51#Sx)/Nrun
PRINT USING "10X,"“Least~-Squares Line for Ho vs q curve:"""

PRINT USING “10X,** Slope = """ MD.4DE":S1
PRINT USING 10X ,"* Intercept = °" MD.4ADE"iAc
END IF
BEEP

INPUT "ENTER SAME TEMPORARY PLOT FILE NAME" ,Fplots
ASSIGN @Filep TO P_files
FOR I=1 TO Nrun
ENTER OFilep:iQp ,Ho
Xc=L06(Qp/Ho)
Ye=L06(Qp)
Ix=Ix+Xc
Ix2»Zx2+Xc"2
Ixy=Ixy+XceYe
ly=2y+Ye
NEXT 1
Bb=.75
Aa=EXP((Zy-Bb*Zx)/Nrun)
PRINT
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2853 PRINT USING “10X ,"““Least-squares line for q = asdelta-T"p"""
2894 PRINT USING “12X,*"a = "~ MZ.4DE";ARa

2895 PRINT USING "12X.,""b = ** MZ.4DE";:Bb

2896 IF Ift=0 THEN

2897 IF Ipc=0 THEN

28988 QOps=2.5E+5H

2889 IF lic=@ THEN Hop=9326

2902 IF lic=1 THEN Hop=10165+(.015805/D0)".33333

2905 END IF

2908 IF Ipc=t THEN

2911 Qps=7.5E+S

2914 IF lic=® THEN Hop=7176

2917 IF lic=1 THEN Hop=7569+(.01905/Do)".33333

2920 END IF

2923 Hos=Aa“(1/Bb)eQps~((Bb-1)/Bb)

29286 IF Ipc=Q THEN Aas=2.32E+4

2929 IF Ipc=! THEN Aas=2.59E+4

2930 Alpsm=_ 876 ISWENSEN DATA

2931 IF Iwil=0 THEN 60TO 2959

2933 Enrat=Alp2/Alpsm

2934 Enr=Hos/Hop

2935 Enr=Aa/Aas

2938 PRINT

29411 PRINT USING "10X,""Values computed at q = **,2.00,°" (MW/m~2):“"";Qps/1
.E+6

2944 PRINT USING “12X,"“Heat-transfer coefficient = °" DDD.DDD,"" (kW/m"2.K)
"“"3Hos/ 1000

2947 PRINT USING "12X,“*Enhancement ratio (Del-T) = *"* 20.3D"iEnrat

2950! PRINT USING " 10X ,““Enhancement ratio at constant Delta-T = "° DD.DC":E
nr

29531 PRINT USING 10X ,""Enhancement ratio at constant g = " DD.DD";E
nr*1.3333

2956 ELSE

2958 PRINT

2962 IF Ift=1 THEN

2965 Mas=2687.2 | ZEBROWSKI (V = 0.4 m/s)

2968 Aas=2557.0+(.01905/001)".33333 | UAN PETTEN (V = 2.25 m/s)

2971 END IF

2974 IF Ift=2 THEN Aas=9269.7¢(.91905/D0)".33333

2977 Edt=Aa/Aas

2980 Eq=Edt"(4/3)

29831 PRINT USING *10X,""Enhancement (q) = " DD.30":Eq

29861 PRINT USING “10X,""Enhancement (Del-T) = °~ DD.3D°;Edt
2989 END IF
2992! IF Im=! THEN

2985 BEEP
2998 PRINT
3001 PRINT USING *10X,“"NOTE: "~ ,21Z,"" data points were stored in file “" 10
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A*;J,D_files

3004! END IF

3007 BEEP

3013 PRINT

30'6 PRINT USING 10X ,"*NOTE: *",I1l,°" X-Y pairs were stored in data file -
A*;J Plots

3031 BEEP

3073 ASSIGN @F1le TO »

3079 ASSIGN @Filep TO =

3080 PURGE "DUMMY"

3094 IF Iso=2 THEN CALL Raw

3100 IF Iso=3 THEN CALL Wilson(Ci)

3103 IF Iso=4 THEN CALL Modify

3106 IF Iso=5 THEN CALL Purg

3112 IF Iso=t THEN CALL Renam

3112 IF Iso=7 THEN CALL Mergefile

3114 IF Iso=8 THEN CALL Xyoutput

3116 END

3118 DEF FNPvst(Tc)

3121 COM /Flds Ift, lIstu

3124 DIM K(8)

3127 IF Ift=@ THEN

3130 DATA ~-7.591234564 ,-26.08023696 ,-168.1706546 ,64.23°95504 ,-118.964622
3133 DATA 4.16711732,20.9750676,1.E9,6
3136 READ K(+)

3138 Te(Tc+273.15)/647.3

3142 Sum=Q

3145 FOR N=0 TO 4

3148 Sum=Sum+K(N)e(1=-T)"(N+1)

3151 NEXT N

3154 Br=Sum/(Te( 1+K(S)e(1=-T)+K(B)e(1=T)*2))=(1=T)/(K(T7)e(1=-T)"2¢K(8))
3157 Pr=EXP(Br)

3160 P=22120000+Pr

3183 END IF

3166 IF 1ft=1 THEN

3169 TfaTce1.8+32+459.6

3172 P=10"(33.0655-4330.98/T¢f-9.2635«L6T(Tf)+2.0539E-3-T¢)
3175 P=Pe101325/14.696

3178 END IF

3181 IF Ift=2 THEN

3184 A=9,394685-3066.1/(Tc+273.15)
3187 P=133.32+10°A

3180 END IF

3193 RETURN P

3196 FNEND

3199 DEF FNHfg(T)

3202 COM /Fld/ 1ft, Istu

3205 IF Ift=9 THEN
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3208
3211
3214
3217
3220
3223
322

3228
3232
32358
3238
3241
3244
3247
3250
3283
3256
3289
3262
3265
3268
327
3274
3277
3280
3283
3286
3289
3292
3295
3298
3301
3304
3307
3310
3313
3316
3319
3322
3325
3328
3331
3334
3337
3340
3343
3346
3349

HfQg=2477200-2450+(T-10)
END IF
IF Ift=1 THEN
TfaTel 8+32
Hfg=7.0557857E+1-Tf+(4,838052E-C+!.2619048E-4+TF)
Hfg=HfQe2326
END IF
IF Iftt=2 THEN
Tk=T+273.15
Hfg=!.35264E+B6-Tke(E.38263E+2+Tke.747462)
END IF
RETURN Hfg
FNEND
DEF FNMuuw(T)
COM /Fld/ Ift, Istu
IF Ift=Q THEN
A=247.8/(T+133.158)
Mu=2.4E-5+10"A
END IF
IF Ift=1 THEN
Mu=8.9629B19E-4~T+(1.1094609E-5-T+5,.566829E-8)
END IF
IF Ift=2 THEN
Tk=1/(T+273.15)
Mu=EXP{-11.0179+Tke(1.744E+3-Tke(2.80335E+5-Tke1.12661E+8)))
END IF
RETURN Mu
FNEND
DEF FNUvst(Tt)
COM /Fld/ Ift,Istu
IF If¢=0 THEN
PaFNPvst(Tt)
T=T4+4273.15
X=15008/T
Flay/(1+Te) E-4)
F2a(1=EXP(=X))"2 .S¢EXP(X)/X"*.5
B=.001S«F1-,000342+F2-.0004882X
K=2eP/(461.52+T)
Un(1+(142+BeK )" S)/K
END IF
IF Ift=t THEN
Tf=Tte1.8+32
U=13.955357-Tfe( 16127262~-Tf+5.1726190€-4)
V=y/16.018
END IF
IF Ift=2 THEN
Thk=Tt+273.15
P=FNPvst(Tt)
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3352 U=133.95+Tk/P

3355 END IF

3358 RETURN V

3361 FNEND

3364 DEF FNCpw(T)

3367 COM /Flo/ Ift, Istu

3370 IF 1ft=0 THEN

3373 Cpw=4.21120858-T«(2.26826E~3-Te(4,.42361E-5+2.71428E-7T))
3376 END IF

3379 IF 1ft=1 THEN

3382 Cow=9.2507273E-1+T#(9,.3400433E~-4+),.7207792E~6+T)
3385 END IF

3388 IF Ift=2 THEN

3391 Tk=T+273.15

3394 Cpw=4.1868¢( 1 . EB84E-2+Tk*(3.35083E~3-Tk*(7.224E-6-Tke7.61748E-9)))
3397 END IF

3400 RETURN Cpwe1000

3403 FNEND

3406 DEF FNRhow(T)

3409 COM /Fld/ Ift, Istu

3412 IF 1ft=0 THEN

3415 Ro=9938,52346+T«( . 01269~T+(5.482513E-3-T#1.234147E-5))
3418 END IF

3421 IF 1ft=1 THEN

3424 Ro=1.62@7479E+3-T«(2.2186346+T+2,3578291E-3)

3427 END IF

3430 IF Ift=2 THEN

3433 Tk=T+273.15~338.15

3438 Uf=G.24848E~4+Tke(5.2796E-7+Tk*(9,2444E-10+Tk*3.057E-12))
3438 Ro=1/V¥f

3442 END IF

3445 RETURN Ro

3448 FNEND

3451 DEF FNPrw(T)

3454 PrusFNCpw(T)eFNMuw(T)/FNKw(T)
3457 RETURN Prw

346@ FNEND

3463 DEF FNKw(T)

3466 COM /Fld/ Ift, Istu

3459 IF lft=0 THEN

3472 X=(T+273.15)/273.15
3475 Kwe=,92247+X#(2.8395~-X+(1.8007-X+( .52577-.07344+X)))
3478 END IF

3481 IF Ift=1 THEN
3484 Kw=8.209523BE-2-T+(2.2214286E-4+T+2.3809524E-8)
3487 END IF
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3490 IF Ifts=2 THEN

34932 TkaT+273.18
3496 Kw=d . 1B68E-4¢(519,442+,.320920Tk)
3493 END IF

3502 RETURN Kuw

3505 FNEND

3598 DEF FNTanh(X)

3511 PeEXP(X)

3514 Q=EXP(-X)

3517 Tanh=(P-Q)/(P+Q)
3520 RETURN Tanh

3523 FNEND

3526 DEF FNTvsv(\)

3529 COM /Cc/ C(7)

35832 T=C(Q)

3535 FOR I=1 TO 7

3538 T=T+C(I)ey~]
3541 NEXT 1

3544! T=T+4,73386E-3+T«(7.692834E-3-T+8.077927E-5)
3547 RETURN T

3550 FNEND

3553 DEF FNHf(T)

3556 COM /Fld/ 1ft, Istu
3559 1IF Ift=0 THEN

3582 Hf=T*(4,203849-T+(5.88132E~4-T+4 ,55160317E-6))
3565 END IF

3568 IF Ift=1 THEN

3571 Tf=Te1 . 8+32

3574 Hf=8.,2078571+Tfe(.19467857+Tf+1.3214286E-4)
3577 Hf=Hfe+2 326

3580 END IF

3883 IF Ift=2 THEN

3586 Hf=258 ' TO BE VERIFIED
3589 END IF

3582 RETURN HFf«1000

3585 FNEND

3598 DEF FN6rad(T)

3601 6Grad=37.9853+.104388+T

3604 RETURN 6rad

3607 FNEND

3610 DEF FNTvsp(P)

3613 Tu=190

36816 Tl=10

3619 Ta=(Tu+Tl)s.5

3622 Pc=FNPvst(Ta)

3625 IF ABS((P-Pc)/P)>.0081 THEN
3628 IF Pc<P THEN Tl=Ta

3631 IF Pc>P THEN Tu=Ta
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3634 6070 3619

3637 END IF

3640 RETURN Ta

3643 FNEND

6646 DEF FNSigma(T)

6649 X=547.3-T-273.15

6652 S=.1160936807/(1+.83X)+1.121404688E-3-5.7528051BE-6+X+1,2B627465E-8X"2~1
L14971929E-11X"3

6655 RETURN Se . 0Q1sxX"2

6658 FNEND

6661 SUB Raw

6662 COM /Fld/ Ift, Istu

6664 DIM X(28)

6670 INPUT "ENTER TUBE NUMBER" ,Itn

6676 INPUT "ENTER FILE NAME" FileS$

6679 ASSIGN OFile TO File$S

§68@ INPUT "STUDENT (@=Swensen)” Istu

6681 INPUT "SMOOTH OR FINNED (@=SMOOTH, 1sFINNED)" ,Ifg

6683 INPUT "ENTER TUBE SIZE (@=S,1=M 2=L 3=QMC)"  Itds

6685 INPUT “ENTER PRESSURE CONDITION (@=V,1=A)" Ipc

6688 IF Ipc=0 AND Ift=0 THEN Vs=2

6691 IF Ipc=0 AND Ift=2 THEN Vs=10

6692 IF Ipc=1 AND Ift=Q@ THEN VUs=1

6693 IF Ipc=! AND Ift=1 THEN VUs=.25

6694 IF Istu=! THEN Vs=2

6696 Nrun=18

6700 INPUT "ENTER NUMBER OF RUNS" ,Nrun

5703 PRINTER IS 701

6706 PRINT

6708 PRINT

6§71@ 1IF Istu=0 THEN PRINT USING "10X,""Data of Swensen"""

8715 IF Ift=0 THEN PRINT USING "10X,""Vapor is steam™"*

6716 IF Ifte=1 THEN PRINT USING "10X,""Vapor is R-113"""

6717 1IF Iftt=2 THEN PRINT USING “1@X,""Vapor is ethylene glycol"""
6719 1IF Itds=0 THEN PRINT USING "10X,""Tube diameter: Small"""
B72@ IF Itds=1 THEN PRINT USING “10X,""Tube diameter: Medium*""
B721 IF Itds=2 THEN PRINT USING *10X,"“Tube diameter: Large """
6722 IF ltds=3 THEN PRINT USING "10X,"*Tube diameter: QMC= ="
6724 PRINT

6725 PRINT USING “10X,"“Tube Number: “*,11%:i1tn

6726 PRINT USING "10X,""File Name: “*,14AiFiles

6727 1IF Ifg=Q THEN PRINT USING "10X,""Tube Type: Smooth"""
6728 IF Ifg=1 THEN PRINT USINE °10X,"“Tube Type: Finned"*"
6730 IF Ipc=0 THEN

8731 PRINT USING *10X,""Pressure Condition: Vacuum """

8732 ELSE

6733 PRINT USING “10X,"“Pressure Condition: Atmospheric*""
86734 END IF
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8735!
8736
8739
6742
6747
87481
6749
6751
8752
22X, 2.
6753
6756
8787
B7%8
6760
6763
8766
8769
6770
6772
87785
5778
8781
8784
8785
£§787
6790
§783
8796
8799
«Uy"3)
6809
6810
6811
6814
6817
6820
6823
6826
6829
cu,Rex
5832
8833
6834
6836
6845
B847
£848

PRINT USING "10X,"“Vapor Velocity: *=.00.00,"" (m/s)"""Vs
ENTER 9F1le;lfg,Inn
IF Itds=! OR ltds=2 THEN Di=.0127
IF Itds=0 OR Itds=3 THEN Di1=.009%25
ENTER OF1le;Iwt ,Fp ,Fuw, Fh
IF Istu=0 AND Ifg=1 THEN
IF Inam=7 THEN
Fp=Fp-1
PRINT USING "10X,"“Fin spacing, width and height (mm): " . DD.DD,2X,2.00

DD*iFp ,Fuw ,Fh

END IF

PRINT

PRINT USING “10X,"*Data Vu Tin Tout Ts" """
PRINT USING 10X .,"* & (m/s) (C) (C) (CHr=="
PRINT

FOR I=1 TO Nrun

ENTER OFile;X(e)

Te=FNTvsvS7¢((X(8)+X(9))/2.)

Ts=Ts-273.15

Fm=X{3)

Ti=X(4)

T2=X(5)

Tavg=(T1472)+.5

Ift=0

Rhow=FNRhow( Tavg)

Md=(5.7409+Fm+13.027)/1000.
Md=Mde(1,0365-1.96644E-3=T1+5,252E-6+T1°2)/1.,0037
Mf=Md/Rhow

Vuw=Mf/(PI+Di"2/4)

IF Inn=@ AN’ Vw>.S5 THEN T2=T72~(-2.73E-4+1,7SE-4+Vw+9, 3SE-4+Vy"2-1,86E-5

IF Inn=1 THEN T2=T2-(-5.44E-5+1.71E~-3eVu+4 . 4SE-4eVu"2+4 07E-5+Vu"3)
IF Inn=2 THEN T2=T2-(-3.99E-4+2.75E-3+Vu+1 . 45E-3e¢Uy*2+48.16E-5¢Vuw"3)
IF Inn=3 THEN T2=T2-(8.S7E-S+1.23E-3+Vu+!.0BE-3eVuw"2+8.1BE-S*Vu"3)
PRINT USING "10X,0D,5x ,0.0D,3% ,2¢(DD.DD,3X),DDD.DD"+I ,Vuw,T1,T2,Ts

NEXT 1

ASSIEN OFile TO »

SUBEND

SUB Wilson(Ci)

COM /Wil/ Nrun,Itm Iwth,Imc, Ife,ljob,lwd,Ifg,Ipco,Ifto,lwil,Ihi, loc,Inam K

p ,Rm Ax

COM /Fld/ It ,Istu

COM /Geom/ D1 ,D2,01i,00,L,L1,L2

COM /Fric/ Istuo,Inn,ltyp Vu,Inamo,Imco,Itds

DIM Emf(20) ,Bvo(42) ,Bam(42) Eata(42) Ear(42,7) Fma(42) T1a(42) T2a(42)

IF loc=0 THEN
PRINT USING “1BX,"“Nusselt theory is used for Ho"""

ELSE
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§849 PRINT USING "16X ,*“Fuji11 correlation used for Ho"""
6850 END IF

6853 BEEP

6856 INPUT "RE-ENTER DATA FILE BEIN6 PROCESSED" ,D_files$
6858 BEEP

6862 INPUT “6IVE A NAME FOR XY PLOT-DATA FILE" ,Plots$
6865 CREATE BDAT Plots, 30

6868 ASSIGN 0lo_path TO Plots

8871 J)=0

£874 ASSIGN @®Fi1le TO D_f1les

6877 ENTER @FilesIfg.Inn

6878 IF Istu=0 THEN

6883 ENTER @F.1le;Ddd,0dd,0dd,Ddd

66884 ELSE

6885 IF Ifg=0 THEN ENTER OFile;lwt

6886 IF Ifg=! THEN ENTER ®FilesFp.Fuw, Fh

6887 END IF

6888 IF Istu=1 AND Inn=! THEN Inn=2

68390 IF Jj=0 THEN

£389% IF IThi=0 AND Inn=@ THEN Ci=.027
6896 IF Ihi=@ AND Inn=2 THEN Ci=.0S
6897 IF Ihi=Q@ AND Inn=3 THEN Ci=, 07
6899 IF Ihi=1 OR Ihi=2 THEN

65900 IF Inn=0 THEN Ci=1.Q

6902 IF Inn=2 THEN Ci=2.0

5903 IF Inn=3 THEN Ci=2.S

6904 END IF

6906 IF Ifg=0 THEN Alp=1.2

5907 IF Ifg=! THEN Alp=2.86

5308 IF Ift=2 AND Ifg=1 THEN Alp=5.0
5998 END IF

6910 J=0

B911 Sx=9

6913 Sy=0

6916 Sxs=0

6919 Sxy=0

6922! READ DATA FROM A USER-SPECIFIED FILE IF INPUT MODE (Im) = 2
6925 1IF Jj=@ THEN

6926 IF Istu=@ THEN

89 ENTER OFile;Bvol ,Bamp ,Etp ,Fm T1 T2 ,Pvapt ,Pvap2 Emf(e)

8932 ELSE

5934 ENTER OFile;Bvol ,Bamp Vtran Etp .Emf(0Q) . Emf(1) Enf(2) Emf(3) Emf(4) F

m, T1,72 ,Phg,Puater

6936 END IF

6938 Bvo(J)=Bvol
6939 Bam( J )=Bamp
8940 Eata(J)=Etp
6943 Ear(J,0)=Emf(Q)
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6946 Ear(J 1 )=Emf(1)
69489 Ear(] 2)sEmf(2)
6952 Ear(J 3 )=Emf(3)
68958 Ear(] 4)=Emf(4)
69586 IF Istu=1 THEN 60TO 696!
6958 Eor(J S)=Emf(5)
6983 Ear(J B )=Emf(E)
6960 Ear(J ,7)=Emf(7)

8961 Fma(J)=Fm
6962 Tia(J)=TI
£964 T2a(l)=T2
6967 ELSE

6970 Bvol=Bvo(J)
6973 Bamm=Bam(J)
6976 Etp=Eata(])
8979 Emf(Q)=Ear(J,0)
6982 Emf(1)=Ear(J 1)
698S Emf(2)=Ear(] 2)
5988 Emf(3)=Ear(].3)
6991 Emf(d4)=Ear(] , 4)
6992 IF Istu=1 THEN 60TO 6997
6994 Emf(S)=Ear(] . 5)
6995 Emf(B)=Ear(J 6)
6996 Emf(7)=Ear(],7)

6397 Fm=Fma(l])

6998 Ti=Tta(J)

7000 T2=T2a(J)

7023 ENO IF

7004 IF Istu=@ THEN

7006 Tsteam1=FNTvsvS7(EmF(D))
7007 Tsteami=Tsteam!-273.15
7008 Tsteam2=FNTvsvS7(EmF(1))
7009 Tsteaml=Tsteam2-273.15
7010 Tateam=Tsteam!

7011 Troom=FNTvsv58(Emf(2))
7012 TroomeTroom=-273.15

7013 Tecon=FNTvsvS8(Emf(7))
7014 Tcon=Tcon-273.15

7016 Ti1eFNTvsvS8(Emf(3))
7017 Tol=FNTvsvS8(Emf(4))

7018 Tit=T§11-273.18

7018 Toi=To1-273.15

7020 Tdeli=Tol-Til

7021 Tdel2=T2-T1

7023 Etpi=Emf(3)+Etp/20.

7024 Dtde=2.5931E-2~1.50464E-6+Etp1+1.21701E-18+Etp1~2-5.1164E-15eEtn1°3+3.2
201E-19+Etpi -4

7025 Tris=Dtde«Etp/10.
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7026
7028
7029
7030
7031
7032
7033
7034
7035
7036
7037
7038
7039
7040
7041
7042
7043
7044
7045
7045
7047
7048
7049!
7055
7056
7057
7058
7059
7060
706!
7062
7063
7064
7065
7066
7067
7068
7069
7070
7971
7072
7073
7074
7077
7078
7079
7080
7082

To3=Ti1+Tris
ELSE
TateamsFNTvav(Emf(D))
Tr1=ENTvsV(EmF(2))
6radsFNGrad((T1+4T2)e.5)
TolsT11+ABS(Etp )/ (10%6Grad)es! .E+B
END IF
CALCULATE THE LOG-MEAN-TEMPERATURE DIFFERENCE
IF Istu=0 AND Itm=d THEN
Tecin=Ty1
Tcout=Tol
END IF
IF Itm=1 THEN
TecinsT]
Tcout=T2
END IF
IF Itm=2 THEN
TecinsT, !
Tcout=To3
END IF
Tavg=(Tcin+Tcout)e.5
Trise=Tcout-Tecin
PRINT Trise
I1ft=D
Cow=FNCpw( Tavg)
Rhow=FNRhow( Tavg)
Kw=FNKuw( Tavg)
Muwa=FNMuw( Tavg)
Pru=FNPru(Tavg)
Iftelfto
IF Istu=0 THEN
Mdt=(5.740%«Fm+13.027)/1000.
Md=Mdt*(1.0365-Tcin*(1 ,96644E-3~-Tcine5.252E~6))/1.0037
ELSE
Mdt=1_04805E-2+6.80932E-3¢Fm
MdeMdte(1.0365-Tcin#{ ! 96644E~-3-Tcine5.252€-6))/.995434
END IF
Uf=Md/Rhow
Vu=Vf/(P1+Di"2/4)
Tcor=FNTfric(Trise)
Trise=Tcor
Tcout=Tein+Trise
LmtdsTrise/LOG((Tsteam=Tcin)/(Tsteam-Tcout))
Cpsc=FNCpuw((Tcon+Tsteam)e S)
Hfg=FNHfgQ(Tsteam)
Q1=500 .
Qloss=Q1l/(100~-25)¢(Tsteam-Troom) | TO BE MODIFIED
Mdve0
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7084 Bp=(Bvole*100:)°2/5.76

7085 Hsc=Cpsce(Tsteam-Tcon)

7066 Mdve=((Bp~Qloss)-MdveHsc)/Hfg
7088 IF ABS((Mdv-Mdvc)/Mdvc)> .0} THEN

70350 Mdv=(Mdv+Mdvc )e.§
7092 GO0TO 7086
7084 END IF

7086 Mdv=(Mdv+Mdvec)e.S

7098 Ug=FNVvst(Tsteam)

7108 Vvs=MdveVg/Ax

7108 Q=MdeCpw*Trise

7111 Qp=Q/(PIleDoel)

7114 Uo=Qp/Lmtd

71181 PRINT Trise,Vw,Q,00,L,Qp,Lmtd, Uo

7117 Rei=Rhow*VweDi/Muua

7120 Fel=Q,

7123 Fe2=0.

7126 Cf=1,

7127 Pruf=Pru

7128 Reif=Rei

7131 Two=Tsteam-5

7132 TfilmeTsteam/3+Two*2/3

7135 KfaFNKw(Tfilm)

7138 Rhof=FNRhow(Tfilm)

7141 Muf=FNMuw(Tfilm>®

7144 Hfgp=FNHfg(Tsteam)+ .68+FNCouw(Tfilm)e(Tstean-Two)
7145 IF loc=0 THEN

7147! New=Kfe(Rhof"2¢9.81eHfgp/(Muf+DosQp))~.3333
7148 New=(Kf“3+¢38 _81eHfgpeRhof 2/(MufeDoe(Tsteam-Two}))" .25
7150 ELSE

7153! New=Kf#*((S.81eHfgp/Qp)~.25)2({(MufeDo)"(~-.375))e(Rhof".B25)e(Uv".125)
7154 New=(9.81+Hfgp/(Tsteam-Two))".24Kf".BeUv" 1eRhof".5/(Do*Muf)".3
7156 END IF

7189 Ho=Alpe*New

7162 TwoceTsteam-Qp/Ho

71658 IF ABS((Twoc-Two)/Twoc)>.001 THEN

7168 Two=Twoc

nmn 60T0 7132

7174 END IF

7184 1IF Ihi=0 THEN

7186 Omega=Rei “RexpePru".3333+Cf

7187 END IF

7188 IF Ihi=1 THEN

7189 Sra=_.88-(.24/(4.+Pruwf))

7180 Srb=, 333333+ .5EXP(-.B+Pruf)

7191 Omega=(5.+.015+Reif"Sra*Pruf"Srb)

7182 END IF

7193 IF Ihi=2 THEN
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7194 Epsi=(1.82+L6T(Rei)-1.64)"(=2)

7198 Ppki=i_ +3 4¢Epsi

7188 Ppk2=11,7+1 .8ePru-(-1/3)

7187 Ppi=(Epsi/B)eReisPru

7198 Pp2=(Ppk1+Ppk2+(Eps1/8)" .S«(Pru”.6666-1))
7199 Omega=Pp1/Pp2

7200 END IF

7202 Hi=Kw/Di¢CieOmega

7203 1IF lfe=@ THEN 7218

7204 Pi=Ple(Di+D1)

7205 P2=Pls(Di+D2)

7206 Als(DI1-Di)ePle(D1+01)e,§
7207 A2=(D2-Di)e*Ple(Di+D2)e.5
7208 Mis(HieP1/(KcuesAl))*.5
7209 M2=(Hie*P2/(Kcu*A2))".S
7212 Fel=FNTanh(MieL1)/(MleL1)
7213 Fe2=FNTanh(M2¢L2)/(M2eL2)
7216 Dt=Q/(PleDis(L+L1oFel+LCeFe2)eHi)
7217 IF 1hi=Q THEN

7218 Muwi=FNMuw( Tavg+Dt)

7222 Cfe=(Muwa/Muwi) .14

7228 IF ABS((Cfc-Cf)/Cfc)>.00t THEN
7228 Cfe(Ct+Cfc)e.5

7231 60TO 7184

7232 END IF
7234 END IF
7235 IF Ihi=1 THEN

7236 PrufceFNPru(Tavg+Dt)

7237 Reife=Vw*DieFNRhow( Tavg+Dt )/FNMuw( Tavg+Dt)

7239 IF ABS((Prufc-Prwf)/Prufc)>.001 OR ABS((Reifc~Rei1f )/Reifc)>.001 THEN
7240 Prufs(Prufc+Pruf)/2.

7241 Reif=(Reifc+Reif)/2.

7242 6070 7184

7243 END IF

7245 END IF

7248 Iftelfto .

7247 X=DoeNewel/(OmegasKue(L+L1sFei+L2¢Fe2))

7248 YsNews(1/Uo=Rm)

7249! COMPUTE COEFFICIENTS FOR THE LEAST-SQUARES-FIT STRAIGHT LINE
7250 IF Jp=1 THEN QUTPUT @lo_pathiX,Y

7282 Sx=Sx+X

7255 SymSy+y

7258 Sxs=Sxs+XeX

7261  Sxy=sSxy+XeY

7264 IF Im=1 AND Jj=0 THEN OUTPUT @#File;Bvol ,Bamp ,Etp ,Fm ,T1,T2 ,Pvap! ,Pvap2 Emf(
)

72687 J=}+1

7279 1IF J<Nrun THEN 6925
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7273
7278
7286
7287
7288
72869
7291
7292
7293
7294
7296
7297
7298
7300
7303
7308
7309
7312
7318
7318
7321
7324
7327
7330
7333
7336
7339
7342
7345
7346
7348
7348
7350
7351
73521
7353
7354
73588
7356
7387
7358
7359
7360
7381
7362
7363
7364
7366

Sl=(Nrun*Sxy-SyeSx )/{NruneSxs-5x"2)
IF Iwil=2 THEN

1IF Thi=0
IF Ihi=@
IF Ihi=0

AND Inn=0 THEN Sl=i/.027
AND Inne2 THEN Sl=1/.0%
AND Inn=3 THEN Sl=i/.Q7

IF Ihi=1 OR lhi=2 THEN
IF Inn=@ THEN Si=1/1.0
IF Inn=2 THEN Si=1/2.0
IF Inn=3 THEN Sl1=1/2.5
END IF

END IF

Ac=(Sy-5145x)/Nrun

Cic=1/51

Alpc=1/Ac

Jiy=Jj+l

IF Jp=! THEN Jp=2

Cerr=ABS((Cic~Ci)/Cic)

Aerr=ABS{(Alpc-Alp)/Alpc)

IF Cerr)>.00! OR Aerr>.001 THEN

Ci=(Cic+Ci)e.5
Alp=(Alpc+Alp)e.S
BEEP
IF Ijob=1 THEN 6910
ELSE
IF Jp=0 THEN Jp=i
END IF
IF Jp=1 THEN 6874
Ci=(Ci+Cic)e.5
PRINT
IF Ihi=Q THEN

PRINT USING "1@X,""Ci (based on Sieder-Tate) = """ .7.40";Ca

END IF
IF Ihi=1 THEN

PRINT USING "10X,*"Ci (based on Sleicher-Rouse) -
PRINT USING "10X ,""Re exponent for Sleicher-Rouse

END IF
IF Ihi=2 THEN

PRINT USING *108X,""Ci (based on Petukhov-Popov)

END IF
IF Ioc=0 THEN

PRINT USING "10X,""Alpha (based on Nusselt (Tdel))

END IF
IF loc=1 THEN

PRINT USING "10X,""Alpha (based on Fujii (Tdel))

END IF
IF Inam=5 OR Inam=§ THEN
IF Ihi=0@ THEN

IF Ipco=@ AND Inn=@ THEN Alpsm=.8218
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7367 IF Ipco=! AND Inn=3 THEN Alpsm=.7793 INO INSERT ATMOSPHERIC S-T

72823 IF 1pco=d AND Inn=3 THEN Alpsm=_7854 (HEATEX ,VACUUM , 3-~T

73683 IF lpco=1 AND Inn=3 THEN Alpsm=,7769 [(HEATEX ATMOSPHERIC ,S-T
3N END IF

7372 IF Ihi=j THEN

737 IF Ipco=@ AND Inn=Q THEN Alpsm=_.8613 INQ INSERT ,VACUUM, S-R

7374 IF Ipcoe! AND Inn=@ THEN Alpsm=.8218 (NQ INSERT,ATMOSPHERIC,S5-R
7378 IF lpco=@d AND Inn=3 THEN Alpsm=_7791 (HEATEX ,VACUUM S-R

7378 IF Ipco=! AND Inn=3 THEN Alpsm=_,7929 IHEATEX ,ATMOSPHERIC ,S-R
7378 END IF

7379 IF Ihi=2 THEN

7360 IF Ipco=@ AND Inn=0 THEN Alpsm=,.82@S INQ INSERT ,VACUUM P-P

7381 IF Ipco=! AND Inn=Q@ THEN Alpsm=_7684 INO INSERT ,ATMOSPHERIC ,P-P
7382 IF Ipco=@ AND Inn=3 THEN Alpsm=.7670 'HEATEX VACUUM P-P

7383 If Ipco=1 ANO Inn=3 THEN Algsm=.7708 IHEATEX ATMOSPHERIC ,P-~P
7385 END IF

7386 ENO IF

7387 IF Inam=4 THEN

7390 IF lpco=1 THEN Alpsm=.876 [(SWENSEN OATA SASED ON OEL-T
7391 END IF

7382 IF Inam*@ OR Inam=3 QR Inam=7 THEN

7383 IF Ipco=d THEN Alpsm=.8) 1COBB UTSMTHI

7384 IF lpco=! THEN Alpsm=.85 1C0BB ATSMTHI

73961 IF Ift=1 THEN Alpsms, 733 1ZEBROWSKI (V = 9,45 m/s)
7397 IF Ift=1 THEN Alpsm=.877 IVAN PETTEN (VU = 0.25 m/s)
7398 IF Ift=Z THEN Alpsm=1.262

7399 END IF

7401 IF Inam=1 THEN IMITROU ALPNA FCR P-P FROM REPROCESSING
7402 IF Ipco=d THEN Alpsm=_B8437

7403 IF Ipcos=t THEN Alpam=,8418

7424 END IF

7405 Et=Alp/Algsm
7406 Eq=Et"1.333333

7407 PRINT USING "10X,“"Enhancemant (Q) = ** D0.30":Eq
7408 PRINT USING “1@X,°“Enhancement (Del-T) = """ D0.30":E¢t
7409 ASSIGN 9File TO »

7410 SUBEND

7919 SUB Modify

7529 COM /Fld/s It ,Istu

7522 0IM Emf(20)

7525 BEEP

7528 INPUT "ENTER NAME OF FILE TO B8E MOODIFIED" ,Fileo$
7831 ASSIGN ¥Fileo TO FileoS

7834 CREATE BDAT °TEST", 3@

7537 ASSIGN OFiled TQO “TEST®

754Q@ ENTER OFileo:Ifg.Inn

7943 OQUTPUT OFiled;Ifg.Inn
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7544 IF lstu=0 THEN

7546 ENTER @Fi1leo0:lwt Fp ,Fu,Fh
7547 QUTPUT OFiled:lwt Fp Fu Fh
7548 ELSE

7549 IF Ifg=0 THEN

7551 ENTER @Fileoilwt

7582 OUTPUT dFiled:lwt

7553 END IF

7554 IF I#g=! THEN

7585 ENTER ®FileosFp ,Fu Fh
7556 QUTPUT #F;ilediFp ,Fuw ,Fh
7587 END IF

7559 END IF

7560 BEEP

7561 INPUT "ENTER NUMBER OF DATA SETS STORED" ,N
7562 FOR I=t TO N

7563 IF Istu=@ THEN

7565 ENTER @F:leoiBvol ,Bamp ,Etp ,Fm T1 T2 Pvap! ,Pvap? Emf(e)

7566 ELSE

7867 ENTER @F1leoiBvol ,Bamp ,Viran Etp Emf(Q) Emf(1) Emf(2) Emf(3) Emf(a),

Fm T1,72 ,Phg ,Puater
7568 END IF
7570 PERFORM CORRECTIONS

i xa PRINT USING "2X,"*D0 YOU WISH TO DELETE POINT"",DD,"*7*"";l

7872 INPUT “Q=YES, 1=NQO" K Idel

7573 IF Idel=0 THEN 7580

7576 IF Istu=0@ THEN

7577 OUTPUT ®F:lediBvol ,Bamp ,Etp ,Fm,T1,T2 ,Pvap! ,Pvapl Emf(e)

7878 ELSE

7579 QUTPUT ®Filed;Bvol ,Bamp,Viran Etp ,Emf(Q) Emf( 1) Emf(2) Emf(3) Emf(4)

JFm TV T2 ,Phg ,Puater

7580 END IF

7581  NEXT I

7582 ASSIGN OFileo TO »

7583 ASSIGN OF:led TO »

7584 SUBEND

7585 SUB Purg

7588 BEEP

7581 INPUT “ENTER FILE NAME TO BE DELETED" ,Files
7594 PURGE Files

7587 6070 7588

7608 SUBEND

769¢ SUB Renam

7693 BEEP

7696 INPUT "ENTER FILE NAME TO BE RENAMED" ,File!$
7699 BEEP

7702 INPUT "ENTER NEW NAME FOR FILE" ,File2$

7705 RENAME Filei$ TO Filel3
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7708 6070 7693

7711 SUBEND

7721 DEF FNTvsvBS5(V)
7731 COMm /CeS5/ T5S8(S)
7741 T=TSS5(Q)

7751 FOR I=) TO0 S

7761 TaT+TSS(1)eV"]
7771 NEXT 1

7781 RETURN T

7791 FNEND

7801 DEF FNTvsvSB(V)
7811 COM /CcS6/ TSB(S)
7821 T=T56(0)

7831 FOR I=t T0 S

7841 T=T+TSB(1)eV"]
7851 NEXT 1

7861 RETURN T

7871  FNEND

7881 DEF FNTvsvS7(V)
7881 COM /Ce57/ TS%(S)
7901 T=TS7(Q)

7911 FOR I=1 TO S

7921 T=T+T87(I)ey"1
7931 NEXT I

7941 RETURN T

7951 FNEND

7961 DEF FNTvsvS8(\)

7971 COM /CcS8/ T88(S)

7981 T=T58(Q)

7981 FOR I=1 70 §

8001 T=T+T88(1)ey"1

8011 NEXT I

8021 RETURN T

8031 FNEND

8100 DEF FNTfric(Tcor)

8118 COM /Fric/ Istuo,Inn,Ityp,Vuw,Inamo,Imco,Itds

8113 IF Itds=3 AND Inn=3 THEN ! COBB'S TUBES (Di=12.7mm)

gti4 Tecor=Tcor-(2.524E-5-1.5958E-3¢Vw+7. 1064E-3+Vu"2-3.318E-32Yw"3+8.5545E-4
*Vu"4-7 . 37E-5+Vu"8)

8118 6070 8302

8116 END If

812! IF (Itds=? OR Itds=2) AND Imco=0 THEN ! MEDIUM AND LARGE COPPER TUBES (Di=
12.7mm) .

8122 IF Inn=@ AND Vw>.S THEN TcorsTcor-(=-2.73E-4+1.75E-4eVy+9.35E-4«Vuw"2-1.,9

SE-S+Vu"3)

8130 IF Inn=1 THEN TcoreTcor=(-8.44E-5+1.T71E-3sVu+4.485E-42Vu"2+4 .07E-SeVy"3)
8140 IF Inn=2 THEN Tcor=Tcor~(-3.99€E~-4+2.7SE-3eVu+1,.48E-3eUu"2+8, 1BE-S5+Uu"3)
8150 IF Inn=3 THEN Tcor=Tcor—(8.57E-5+1.23E-3eYu+! . .08E-3eyyu~2+8.1BE-5+Vu"3)
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8151 G0TO 8300

8160 END IF

8170 IF (Ityp=0 OR Ityp=2) AND Imco=4 THEN ! SMCOTH AND WIRE-WRAPPED TITANIUM T
UBE (Di=13.86mm)

8180 IF Inn=0Q AND Vw>.S THEN Tcor=Tcor-(-4 . 62E-5-7.53E-4«Vu+! . BOE-3+Vu"2-8.8
4E-S+Uu"3)

8190 IF Inn=3 AND Inamo=5 THEN Tcor=Tcor-(2.09E-4+9.74E-4+Vu+2 12E-3¢Vu"2-3.
31E-SeVuw"3)

819 IF Inn=3 AND Inamo=8 THEN Tcor=Tcor-(1.95SS5E-4+3.8721E-3eVu+3.127E-4+Vu
“2+43.819€-4+Yy"3) .

8192 G0TO 8300

8201 END IF

8210 IF (Ityp=3 OR Ityp=4) AND Itds=4 THEN ! LPD KORODENSE (D1=13.47mm)

8220 IF Inn=@0 AND Vuw>.5 THEN Tcor=Tcor-(-3.386E-4+1.88E-3+Vw+6.013E-4«Vuw"2+4
J133E-5eVy"3)

8230 IF Inn=3 THEN Tcor=Tcor-(2.08SE~4+9.202E-4+Vu+1,B893E-3eUy"2-2.7B1E-5+Vu
*3)

823! 6070 8300

8240 END IF
8242 IF (Ityp=5 OR Ityp=6) AND Itds=4 THEN ! MHT KORODENSE (Di=13.53mm)

8245 IF Inn=@ AND Vw>.5 THEN Tcor=Tcor-(6.79E-5+1.832E-3+Vw+8.409E-4+Vu"2+1,
111E-4+Uu"3)

8246 IF Inn=3 THEN Tcor=Tcor-(2.S64E-4+6.263E-4+Vw+2.603E-3+Vu"2+7,.830E-B*Vu
3

8247 60T0 8300

8249 END IF

8250 IF Itds=0 AND Imco=0 THEN tSMALL COPPER TUBE (Di=9.52Smm)

8260 IF Inn=Q THEN Tcor=Tcor-(.0138+.001+Vw"2)

8270 IF Inn=1 THEN Tcor=Tcor-.004«Vw"2

8280 IF Inn=2 THEN TcorsTcor-.004«Uyu"2

8290 END IF

8300 RETURN Tcor

831@ FNEND

8500 SUB Mergefile

8510 DIM Emf(20)

8520 BEEP

8530 INPUT “ENTER NAME OF NEW FILE" ,D_files$
8540 CREATE BDAT D_file$ 5@

8558 ASSIGN ®Filed TO D_fileS$

856@ BEEP

8570 Numb=0

8580 BEEP

8590 INPUT °"NUMBER OF FILES TL MERGE“ N
8600 IF Numb=N THEN 8770

8610 NumbeNumb+!

8620 BEEP

8630 INPUT "ENTER FILE TO BE MERGED" ,FileoS
8640 ASSIGN @F.leo TO Fileo$
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8650 ENTER OFileoilfg,Inn

8660 IF Numbe=1 THEN OUTPUT @Filed:Ifg,Inn

8670 ENTER OFilecslwt Fp ,Fu,Fh

8680 IF Numb=1 THEN OUTPUT OFiled:luwt Fp Fuw Fh
8690 BEEP

8782 INPUT °“ENTER NUMBER OF DATA SETS STORED® ,Nrun
8719 FOR I=1 TO Nrun

8720 ENTER OFtlealeol.Banp,Etp,Fn,Tl,TZ,Pvapl,Pvan.Enf(O)
8730 OUTPUT OFilediBvol ,Bamp ,Etp ,Fm,T1,T2,Pvap! ,Pvap2 Emf(e)
8740 NEXT 1

8750 ASSIGN @Fileo TO o

8760 &0TO 8600

8770 ASSIGN @Filed TO «

8780 SUBEND

879¢ SUB Xyoutput

8791 PRINTER IS 1

86800 INPUT "ENTER NAME OF PLOT DATA FILE" ,FilepS$
881@ ASSIGN @Filep TO Filep$

8820 INPUT "ENTER NUMBER OF DATA POINTS® Npts
8821 PRINTER IS5 701

8830 FOR I=1 TO Npts

8849 ENTER @F1lepiX,Y
8850 PRINT XY
8660 NEXT I

887@ ASSIGN @Filep TO «
8880 SUBEND
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APPENDIX B. TEMPERATURE RISE CORRECTION

As coolant flows through the tube there is an increase in
the bulk temperature of the fluid due to frictional heating.
The amount of frictional heat added to the system depends on
the fluid velocity and the inside geometry of the tube. The
actual measured increase in temperature is small but the
increase has a significant effect on the calculated overall
heat transfer coefficient and later calculations. The

correctional equation below:

Teor = 2.524e-5 - 1.6958e-34V,, + 7.1064e-3#V_ 2 -3 318e-3

3,_.,,3 + 8.5545e~4 * Vo - 7.37e-5 * VoS (B.1)
where T _ is the temperature rise (K) and V_, is the fluid
velocity (m/s). Equation (B.1) was determined by measuring the
temperature difference between the inlet and outlet
thermocouples for various cooling water flow rates through a
test tube with a Heatex insert and no external heat source
(i.e., no steam in the test system). The flow rates were
converted into velocities and plotted against the temperature
difference as shown in Figure B.1. Equation (B.1l) was the
curve fit of the obtained data. The temperature rise
correctional value was subtracted from the measured

temperature difference during the data runs to de ermine the
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actual heat transferred to the cooling water conducted from

the steanm.
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APPENDIX C. MODEL PROGRAM LISTING

The program HEATCOBB, which was used to reprocess the
temperature values obtained, from the data collection program
DRPALL, to predict the outside heat transfer coefficients and
enhancement ratios for a constant temperature differences

(AT), is listed in this Appendix.
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IMPLICIT REAL*$ (A-H,0-2)
REAL*8 DBSIO, DBSI1, DBSKO, DBSK1l, KC,
W, WC, R2C, A,G, DT(20,3),PIICH, Y,QFF(1000),
R1,R2,NU,RB,D2,DR, RHOF (1000) ,RHOG (1000) ,RHO(1000),
c EPF(1000), X1(1000), X2(1000),CH(1000),Z(1000),
c AF§(1000), AFT(1000),AU(1000),DF(1000),
] ¥(1000), LA(1000), AEF(1000), DE{1000), HMF(1000),
cceceecececceeccccceeccece
c THE ARRAY VALUES ABOVE ARE USE FOR THE OVERALL RANGE OF FIN
c
c
c
c

[ 2% 2N 2N 2

EFFICIENCIES AND HEAT TRANSFER COEFFICIENTS. FOR A SPECIFIC
FIN EFPICIENCY OR HEAT TRANSFER COEFFICIENT USE THE CONSTANT/
SCALER VALUES BELOW. ONE MUST BE COMMENTED OUT!!!
cccccececccecceccceccee
ETA, X1,X2,AEF,LA,AFS,AFT,DE,AU,DF,CH, 2, HNF,
L1,L2,A0,RATIO, THICK, SPACEB, SPACET, TOL, LEN, TSTEAM(1000) ,
P(1000),VF(1000) ,HFG(1000) ,CPF(1000) ,TFILM(1000),TFC(1000),
UG(1000) ,KF(1000) ,PRF(1000) ,SIGMA(1000),CPG(1000),UF(1000),
‘VG(1000) ,BETA,BT,BF,BS,B1,PHI(1000),FF(1000),FS(1000) ,HV(1000),
QT(1000) ,QF(1000) ,QS(1000) ,EPH(1000) ,QQF (1000),QQ5(1000),
QNUS (1000) ,GT (1000) ,EDT(1000) ,GS(1000) ,GF(1000),TF(1000),
TS§(1000),TT(1000) ,EDTC(1000) ,TSTM(20,1) ,TFLM(20,2) ,HO(20,4),
HS(1000) ,HF(1000) ,HN(1000) ,ENH,
HBKSMH , HNSMH , HNUSS ,FFI (1000) ,FS1(1000) ,PHIP(1000),
F1(1000),r2(1000) ,Ar£(1000) ,Ar(1000) ,Atr(1000),Ats(1000),
RSA(1000) ,IEAA(1000) ,MAXENH (1000) ,AT,AF(1000) ,AS(1000),
ATOTAL(1000) ,HR(1000)

[ 2E 2% 30 BN BN BN BN BN 2N 2N BN 3 J

PARAMETER (PI=3.141592654)

INTEGER L.F,J,TM,AREA,JJ
cceecececceecececccecceeoceecceccecececeeccecececcecececceccecccececcececcccccccccccec

C NU: NUMBER OF FINS PER UNIT LENGTH

C LEN: CONDENSING LENGTH OF TUBE

c 1L LENGTH PRIOR TO CONDENSING LENGTH THAT ACTS AS A FIN
c lLa2: LENGTH AFTER THE CONDENSING LENGTH THAT ACTS AS A FIN
C KC: THERMAL CONDUCTIVITY OF THE TUBE MATERIAL

c W ==> FIN HEIGHT (h)

C DR: ROOT DIAMETER OF TUBE

c Da: OUTER DIAMETER AT FIN TIP

C SPACET: SPACING AT THE TIP OF THE FIN (b)

C  SPACEB: SPACING AT THE BASE OF THE FIN (s)

o H GRAVITY FORCE

c : INPUT HEAT TRANSFER COEFF USED TO DETERMINE THE HTC WITH
c * THE EFFICIENCY FOR THE MATERIAL

C ETA: FIN EFFICIENCY

C PITCH: FIN PITCH

c : PRESSURE AT THE STEAM TEMPERATURE

o : SPECIFIC VOLUME OF THE CONDENSATE AT THE FILM TEMPERATURE
Cc VG SPECIFIC VOLUME OF THE STEAM VAPOR

€ RHOF: THE DENSITY OF THE CONDERSATE

C  RHOG: THE DENSITY OF THE STEAM VAPOR

€ RHO: THE DIFFERENCE BETWEEN THE TWO DENSITIES

C HFG: HEAT OF VAPORIZATION AT THE VAPOR TEMPERATURE

C CPF: SPECIFIC VOLUME OF CONDENSATE

C CPG: SPECIFIC VOLUME OF CONDENSATE

c : VISCOSITY OF CONDENSATE

c : VISCOSITY OF STEAM
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PRP:
SIGMA:

HNUSS:
AU:
AFS:
AFT:
AEF:
DE:
AO:

QNUS:

EDTC:

EEEER

THICK:

THERMAL CONDUCTIVITY OF CONDENSATE

PRANDTL NUMBER OF CONDENSATE

SURFACE TENSION OF CONDENSATE

HBK: HEAT TRANSFER COEFFICIENT BASED ON BEATTY AND KATZ
CORRELATION

HEAT TRANSFER COEFFICIENT BASED ON NUSSELT CORRELATION
UNFINNED SURFACE AREA

AREA OF FIN FLANK

AREA OF FIN TIP

EFFECTIVE SURFACE AREA WITH FINS

EFFECTIVE DIAMETER WITH FIN

AURFACE AREA OF SMOOTH TUBE WITH OUTSIDE DAIMETER OF
ROOT (WITHOUT FINS)

D: ADDITIONAL HEIGHT OF RADIUSED FIN ROOTS

TOTAL HEAT TRANSFER RATE OVER ENTIRE LENGTH FOR A FIN TUBE
TOTAL HEAT TRANSFER RATE OVER A SMOOTH TUBE WITH DIAMETER
EQUAL TO THE ROOT DIAMETER

TOTAL HEAT TRANSFER RATE BASED ON NUSSELT CORRELATION
ENHANCEMENT RATIO (HEAT-TRANSFER COEFFICIENT FOR FINNED
TUBE DIVIDED BY THE HEAT TRANSFER COEFFICIENT FOR A SMOOTH
TUBE WITH THE SAME DIAMETER)

CONSTANT VALUE IN EQN

CONSTANT VALUE IN EQN

CONSTANT VALUE IN EQN

CONSTANT VALUE IN EQN

CHECK OT THE ENHANCEMENT RATIO

CONSTANT VALUE IN EQN

CONSTANT VALUE IN EQN

CONSTANT VALUE FOR b AT FIN TIP

CONSTANT VALUE FOR b AT FIN FLANK

CONSTANT VALUE FOR b FOR INTERFIN TUBE SPACING

CONSTANT VALUE

HALF-ANGLE AT THE FIN TIP

CONDENSATE RETENTION OR “FLOODING" ANGLE FROM TOP OF TUBE
FRACTION OF UNFLOODED PART BLANKED BY RETAINED CONDENSATE
AT FIN ROOT

FRACTION OF UNFLOODED PART OF INTERFIN TUBE SURFACE
BLANKED BY RETAINED CONDENSATE AT FIN ROOT

EFFECTIVE MEAN VERTICAL FIN HEIGHT

HEAT FLUX FOR FIN TIP

HEAT FLUX FOR FIN FLANK

HEAT FLUX FOR TUBE SURFACE BETWEEN FINS

FUNCTION VLAUE OF CONDENSATE RETENTION ANGLE

FIN THICKNESS (t)

cCcceeeeecceeeeeceecececcceccceceecececcceeccececccceccceccccecccccccccccccccccce

OPEN (15, FILE= ‘HEATCOBB OUTPUT’)

select type of material (tm)
O-copper, l-stainless steel, 2-aluminum, 3-copper nickel

™M= 2

select surface area equation (area)
l-rectangular fin, 2-deep fillet radius, 3-shallow fillet radius

AREA= 3

select the number of data points

F= 14
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nn oo

IF (TM .EQ. O) THEN
kc= 1390.82
write(15,*) ‘type material~- copper’
write(15,*) ‘thermal conductivity (kc):’,kec
END IF

ELSEIF (™ .EQ.1) THEN
ke= 14.3
write(15,*) ’‘type material- stainless steel’
write(15,*) ‘thermal conductivity (kec):’,ke
END IF

ELSEIF (TM .EQ. 2) THEN
kes= 231.8
write(15,*) ’‘type material- aluminum’
write(15,+) ‘thersal conductivity (kc):’,kec
END 1P

ELSE
kc= 55.3
write(15,t) ‘type material- copper nickel’
v:ito(ls,t) ‘thermal conductivity (kc):’,kc
end if

IF¥ (AREA .EQ. 3) THEN
dr= 14.38e-3
W = ,75E-3
else
W =1E~3
dr= 13.88e-)
end if

DR= 13.7E-=3

LEN= ,13335

Ll= .060325

L2= .034925

BETA= 0

BT= 0.143

Br= 0.143

BS= 0.143

Bl= 2.96

THICK= 1#10.##(-])

§=1.5E-)

JJI=0

DO § S= .5E-3,2.5E-3,.05E-]
SPACEB= 2.5 ¢ 10.%e(=3)
SPACEB= S

JJ= JJ+1

WRITE (15,*) ‘RUN NUMBER =’,JJ
SPACET= SPACEB

OPEN (16, FILE= ‘VT131 FORTRAN’)
WRITE(1S,*) ‘OUTPUT FOR VT131’

PITCH= SPACEB+THICK
W = 0.000001

Rl= DR/2.

D2= DR + 2%W

R2= D2/2.

WC= W + THICK/2.
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0onon

Nnonon

46

00

R2C= R2 + THICK/2.

RA= SQRT(2.)/(1. - R1/R2C)
RB= (R1/R2C) * RA

T= THICK

WRITE(15,*) ’DRs=’,DR
WRITE(15,*) ‘FIN HEIGHT =’,W
IF (AREA .EQ.1) THEN
A= teyc
WRITE(15,*) ’‘RECTANGULAR FIN’
ASCs )
end if

IF (AREA .EQ.2) THEN
A= (L+T/2)*T+(Te*SPACET) *SPACET/2~(PI*SPACET*%2/8)
write(15,*) ‘deep fillet radius fin’
A= (T/2+W) * (T+SPACET) ~SPACET* ( (R2- (R1+SPACET/2) ) +T/2)

bl =PI/2% (SPACET/2) %2

WRITE(15,%) ’‘SURFACE AREA:’,A
Asc= (t+spacet)t*(L+spacet/2+t/2)~(((L+t/2)*spacet)+

* (pisspacet*22)/8)

WRITE(15,*) ’SURFACE AREA (COBB):’,ASC
end if

IF (AREA .EQ.3) THEN
A=(T/2+4W) * (T+SPACET) ~SPACET* ( (R2~ (R1+SPACET/2) ) +T/2)
b =PI/2¢(SPACET/2) #+2
A= (T/2)*T+(T*SPACET) *SPACET /2~ (PI*SPACET*42/8)
A=(T/2+W) * (T+SPACET) ~SPACET* ( (R2~- (R1+SPACET/2) ) +T/2)

* =PI/2*(SPACET/2) %2

write(15,%) ‘shallow fillet radius fin’
WRITE(15,%*) ‘SURFACE AREA:’,A
ASC= (T+SPACET)* (SPACET/2+T/2)=(((T/2)*SPACET)+

* (PI*SPACET**2) /8)

WRITE(15,%) ’‘SURFACE AREA (COBB):’,
end if

A= THICK * WC
WRITE(1S,*) ‘CROSS SECTION AREA:’,A

NU= (1/PITCH) * LEN

G= 9.81

DO 10 J=1,F
READ (15 46) TSTM(J,1),TFLM(J,2),DT(J,3),HO0(J,4)
FORMAT (2X,F7.3,4X,PF6.3,4X,F5.2,4X,F7.1)
TSTEAM(J)= 2713. 15 + ’I‘STII(J 1)

TFC(J)= TSTEAM(J) /3. + 2+(TSTEAM(J)-DT(J,3))/3.
TFIILM(J)= TFLM(J,2) + 273.15

WRITE(15,46) TSTM(J,1),TFLM(J,2),DT(J,3),H0(J,4)
WRITE(15,*) ‘TFILM:’,TFILM(J)

WRITE(1S,*) ’‘NUM INPUT:’,J

WRITE(1S,*) ’'TSTEAM:’ ,TSTEAM(J)

WRITE(1S,*) ‘TFIIM CALC :’, TFC(J)

P(J)= 2.003732620063*10.%%3 -1.77885208776858%10.%*1
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STSTEAM(J) + 6.697864486474%10.%*(~3)*TSTEAM(J)**2 +
3.86086914584487%10.%2(~4)sTSTEAM(J) #+3 -
1.404502413839%10.%¢(~6) *TSTEAM(J) **4 +
1.51673236206257#10. %% (=-9)*TSTEAM(J) #¢5

L2 3 N

VF(J)= 5.923643369271%10.%%(~3)~6.64076036569*10.2¢(~-5)
*TFILM(J) + 3.569837849015%10.%¢(=7)*TFILM(J)*%2 -
9.61487470533368410. %% (~10) *TFILM(J) **3 +
1.300855464242910.%%(=12)*TFILM(J)**4 -
7.009436103929¢10.%¢%(~16) sTFILM(J) **5

L 20 2R 2B J

IF (TSTEAM(J) .LE. 320) THEN
VG(J)= 3.7765014695224E5 ~ 4.8166922018646E3 * TSTEAM(J)
+ 2.30839950003999E1 * TSTEAM(J) #+2
~ 4.92547853988165E~2 ¢ TSTEAM(J)*+3
+ 3.94711740176825E~5 * TSTEAM(J) ¢4

[ 2% N J

ELSE
VG(J)= 2.0944941102788E4 ~ 2.57511068255697E2 * TSTEAM(J)
+ 1.26769945136484 * TSTEAM(J) **2
- 3.122098724905E-3 * TSTEAM(J) #**3
+ 3.84527176768464E-6 * TSTEAM(J) **4
= 1.89417409454379E-9 * TSTEAM(J) #¢5
END IF

[ 2R 2% 2B J

HFG(J)= 5.138499737498%10.%#6-2.88007195645%10.%%4
* TSTEAM(J) + 1.387146790307¢10.%¢2¢TSTEAM(J) %*2 -
3.6214603994528#10. %% (~1)*TSTEAM(J) #*3 +
4.776360304615%10.%% (=4) *TSTEAM(J) **4 -
2.6171073275132*10. %% (~7) sTSTEAN(J) *#5

L 2B 2 N J

CPF(J)= 5.49664984073512#10.%%4-6.83922749835455%10,*42
*TFILM(J)+3.66613575502+TFILM(J) *22=-9.774641549244E-3
* TFILM(J)%%3 + 1.29445512697S7E-S54TFILM(J) **4 -
6.78966872244218%10.9#(=9) *TFILM(J) **5,

L 2R 2% 4

CPG(J)= =7.0138991625627%10.%%(2)+3.10681344157+10.%%(1)
* TSTEAM(J) = 1.43330809031838#10.%%(~1)*TSTEAM(J) **2 +
3.102487339759%10. %% (~4) sTSTEAM(J) **3 ~
3.37533518371059%10.%%(=-7) ¢TSTEAM(J) **4 +
2.09976698784749%10.%#(=10) *TSTEAM(J) ##5

[ 2 2N 2% J

UF(J)= 5.28866616855338%10.%%(~1)=-6.9064403925*10.%*%(~3)
* TFILM(J) + 3.6169015509742%10.%4(=5)*TFILM(J)**2 -
9.475113986937%10.%%(~8) *TFILM(J)**3 +
1.2401320526629¢10.¢¢(~10) ¢*TFPILM(J) *n4 -
6.48230688486946%10.%2(~14) *TFILM(J) #+5

L 2R 28 2% J

UG(J)= -1.0493495919E-4 + 1.520614407775E-6
* TSTEAM(J) ~ 8.509310662084E-9 *TSTEAM(J) +
2.418828484978E~11 *TSTEAM(J)**3 -
3.39717932745E~14 *TSTEAM(J)*%4 +
1.88340981436E-17 *TSTEAM(J) **5

L 2N 2 J

KF(J)= 7.60929710087 - 1.097443071183E-1 *TFILM(J) +
6.476232148521E-4 * TFILM(J)#*2 -
1.83877277459E-6 STFILM(J)**3 +
2.5564025355E-9 *TPILM(J)%%4~1.4068703896348E-12
* TFILM(J)**5

L 2% B J
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PRF(J)= 4.583467922E+3 -~ 6.00442918616E+1 *TFILM(J) +

3.150508584456E~1¢TFILM(J)*%2 -8.2625902332188E-4*TFILM(J)**3
+1.0820649955124E-6*TFILM(JT)*24 -5.6571205177E-10*TFILM(J) **5

SIGMA(J)= ~2.11271594796 + 3.1290868968E~2 *TFILM(J) -
1.76251989006E~-4 *TFIILM(J)**2 +4.91136030868E-7+TFILM(J)**3

=6.80272511265E-10*TFPILM(J) #*4 +3.742781911254E-13+TFILM(J)**5

RHOF(J)= 1./VF(J)
RHOG (J)= 1./VG(J)
RHO(J)= RHOF(J) - RHOG(J)

WRITE(15,34)

FORMAT (1X,T3,'TFILM’,T13,’P’,T22,'VF’,T32,°VG’,T41, 'HFG',
TS2, 'CPF/ ,T64,'CPG’)

WRITE(15,353)

FORMAT (1X,T3,’(K)’,T11,’(KPA)’,T20,’ (M3/KG)*,T30,’' (MI/KG) ",

T40,’ (J/KG)’,T51,(J/(KG*K))’,T62,’ (J/(KG*K))"’)

WRITE(15,36) TFILM(J), P(J),VF(J),VG(J),HFG(J),CPF(J),CPG(J)

FORMAT (1X,F6.2,T10,F7.3,T19,F8.6,T29,F7.2,T38,F10.2,T52,

F7.2,T64,F7.2)
WRITE(15,%)
WRITE(1S,37)
FORMAT (1X,T5,’UF’,T16,’UG’,T33, 'KF’,T46, 'PRF’,
TS5, 'SIGMA’)
WRITE (15,38)
FORMAT (1X,T3,’(N*S/M2)’,T14,’ (N*S/M2)’,
T30, (W/M¥K)’,T55,’ (N/M)"’)

WRITE (15,39) UF(J),UG(J),KF(J),PRF(J),SIGMA(J)
FORMAT (1X,T2,F9.7,T13,F10.8,T31,F6.4,T45,F6.3,T55,F6.4)
WRITE (15,+)
WRITE (15,%)

TOL= 1.0

CH= 0.0

DN1= .00193788
HMF= 1.0

IF (ABS(CH~-HMF) .GE. TOL) THEN

CH= HMF

2= (WC#*#1.5)%(CH/(A*KC))#**.5
X1= RA*Z

X2= RB*Z

Eta=( (DSQRT(2.D0)/2)/(1+R2C/R1))* ( (DBSI1(X1) *DBSK1 (X2) -

DBSI1(X2)*DBSK1(X1))/(DBSI1(X1)*DBSKO (X2)+DBSIO (X2)
*DBSK1 (X1) ) )

APT= NUPI*D2+THICK

LA= (PI*(D2*#*2-DR*#2))/(4*D2)

AUs= NUDR#*SPACEB*PI

AFS= (2NU*PI#(D2#%2-DR*#2))/4.

AEF= EtatAFS + Eta*AFT + AU

Y= 1.3*ETA*AFS/ (AEF*LA®®.25)+(ETA*AFT) / (AEF#D2##,25)+

AU/ (AEF#DR**. 25)

DE= (1/Y)%w4.
DF= ((1./DE)#®*.25)/(1./DN1) %% 25
HMF= 0.689+((KF(J)#**3 ® RHOF(J)*#2 % G * HFG(J))
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* / (UP(J)SDT(J,3)4DE))** .25

HBKSMH= 0.689* ( (KF(J)**3*RHOF (J) **2*G*HFG(J))/
* (UF(J)*DR*DT(J,3)) ) **.25

HNUSS= 0.728*(KF(J) /DE) * ( (RHOF (J) * (RHOF (J) =RHOG (J) ) *G*HFG (J)
* *DE#*%3) / (UF(J)*DT(J,3) *KF(J) ) ) *+.25

HNSMH= 0.728¢ (KF (J) /DR) * ( (RHOF (J) * (RHOF (J) ~RHOG (J) ) *G*HFG (J)
. *DR#*#3) / (UF(J) *DT(J,3)) ) *¢.25

GO TO 351
END IF
WRITE (15,%)

AO= PI+* DR ¢« LEN
WRITE(15,%) ‘AEF:’,AEF
WRITE(15,%) ‘AO:’,AO
RATIO= AEF/AO
WRITE(15,*) ‘ETA:’,ETA
WRITE(15,*) ‘2:’,2
WRITE(15,%) ‘HMF:’, HMFr
ENH= HMF*RATIO/HNSMH

hfm= hmaferatio

WRITE (15,70)

FORMAT (1X,T6, HO(EXP)’,T19, HBK’,T29, 'AEF/AO’,T39,’DT’)
WRITE (15,71) HO(J 4) ,HFM, RATIO, DT(J 3)

PORMAT (1X,T4,77.1,T14,F10.2, TZB F8.6,T739,PF5.2)
WRITE(15,72)

FORHAT(IX T2,’HNUSS’,T15, 'ENH B&K’,T39, "HBKSMH’,
* T51, ’HNSMH’)
WRITE(15,73) HNUSS,ENH, HBKSMH, HNSMH
WRITE(15,*) ’HO (EXP)=’,HO(J,4)

FORMAT (1X,F9.2,T15,P6.3,T36,F9.2,T48,F9.2)
WRITE (15,%) ’HBR-'.BFH
WRITE (15,*) ’“SIGMA:’,SIGMA(J)
WRITE (15,*) ’‘ENH(B&K)=’, ENH
WRITE (15,%) ’'SPACING=’, S
CONTINUE
phip(j)= signa(j)tdcos(bota)/(rhot(j)*g*spacet'dz)
if (phip(j) -qt. 0.5) th

phi(j)= o.

slse
PHI(J)= DACOS((4*SIGHA(J)‘DCOS(BETA)/(RHOP(J)*G*SPACET*D2))-1)
end if

EPH(J)= 0.874+0.1991E=2*PHI (J)~0.2642E-14PHI (J) **2
*

+0.553E=3+PHI(J)**3 = 0.1363E-2%PHI(J)*%4

it (phi(j) .eq. 0.0) then
£Li(j)= 1
else

IF (AREA .EQ. 3) THEN

FFI(J)= 1
END IF
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IF (AREA .EQ. 1) THEN

PFI(J)= (2*SIGMA(J)/(RHOF(J)*G*DRaW))* (TAN(PHI(J)/2.)/PHI(J))
END IF
IF (AREA .EQ. 2) THEN
FFI(J)= (2%SIGMA(J)/(RHOF(J)*G*DR*(R2-(R1+5/2))))¢*
* (TAN (PHI(J)/2.)/PHI(J))
END IF
end if

IF(FFI(J) .GE. 1) THEN
£1£(J)= 1

else
££(J)= £2i(3)
end if

if (phi(j) .eq. 0.0) then

fsi(j)= 1

else

£8i(J)= (4*SI-MA(J)/(RHOF(J)*GeDR*SPACEB))* (TAN(PHI(J)/2.)
* ai JPRI(J;)

en 4

IF (FSI(J) .GE. 1) THEN
fs(j)= 1

else
fs(3)= £8i(Jj)
end if

IF (AREA .NE. 1) THEN
FS(J)= PHI(J) * §/2
END IF

FOR PHI(J)< PI/2
IF (phi(j) .eq. 0.0) then
hv(j)= w
IF (AREA .EQ. 2) THEN
HV(J)= (R2=-(R1+5/2))
END IF

IF (AREA .EQ. 3) THEN
HV(J) = 0
END IF
else IF (PHI(J) .LE. (PI/2.)) then
HV(J)= We*PHI(J)/SIN(PHI(J))
IF (AREA .EQ. 2) THEN
HV(J) =¢R2-(R1+S§/2))*PHI (J)/SIN(PHI(J))
END IF

IF (AREA .EQ. J) THEN
HV(J)= ©
END IF
FOR PHI(J)> PI/2
ELSE
HV(J)= WePHI(J)/(2.-SIN(PHI(J)))
IF (AREA .EQ. 2) THEN
HV(J) =(R2-(R1+5/2))*PHI(J)/(2.-SIN(PHI(J)))
END IF
IF (AREA .EQ. 3) THEN
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HV(J)= 0
END IF
END IF

QT(J)= (RHOF(J)*HFG(J)*KF(J)**3+DT(J,3)**3/UF(J)
* *(0.728%%4*RHO(J) *G/D2+BT*SIGMA (J) /THICK**3) ) #* .25

IF (HV(J) .EQ. 0) THEN

QF(J)= 0
ELSE

IF (AREA .EQ. 1) THEN

QF(J)= ((RHOF(J)®HFG(J)*KF(J)**3*DT(J,3)**3/UF(J))*((0.943*%*4
* *RHO(J) *G/HV(J) ) +BF*SIGMA (J) /W#43) ) %+ 25

END IF

IF (AREA .EQ. 2) THEN

QF(J)= ((RHOF(J)*HFG(J)*KF(J)**34DT(J,3)**3/UF(J))*((0.943%*4
* *RHO (J) *G/HV (J) ) +BF*SIGMA(J) / (R2-(R1+5/2) ) %#3) ) #* 25

END IF
END IF
IF (AREA .EQ. 1) THEN

Qs(J)= | (RHOF(J)*HFG(J)*KF(J)**3¢DT(J,3)**3/UF(J))*(EPH(J) **3¢
* RHO (J) *G/DR+BS*SIGMA (J) /SPACEB**3) ) #+ 25
ELSE

Qs (J)= ((RHOF(J)*HFG(J)*KF(J)**3*DT(J,3)**3/UF(J))*(EPH(J)**3#
* RHO(J) *G/ (DR+S* (1~2/P1) ) +BS*SIGMA(J)/ S*#3) ) #e 25
END IF

Qnus (J)= 0.728%( (RHOF (J) *HFG (J) *KF (J)**3+DT(J,3) **3/UF(J))
* * (RHO(J) *G/DR) ) #+.25

IF (AREA .EQ. 1) THEN

QQF (J)= PI*D2+THICK*QT(J)*ETA+(PHI(J)/PI)*(((1-FF(J))*PI*(D2##2~
* DR#*#2) /2.)#QF (J) *ETA+(1-FS(J) ) *PI+*DR*B1*SPACEB*QS(J))

ELSE

QQF(J)= PI*(2*R2)*THICK*QT(J)*ETA+(PHI(J)/PI)*(PI*2
* * (R2%%2~(R1+S/2) **2.)*QF (J) *ETA+PI#2+ (PI*5/2) *Bl

* *(R1+8/2%(1-2/(P1)) ) *ETA*QS(J))
END IF

cccececccC FOR ENHANCEMENT WITHOUT EFFICIENCY
QQF(J)= PI*D2*THICK*QT(J)+(PHI(J)/PI)*(((1-FF(J))*PI*(D2#%*2~
* DR#%2) /2.)*QF(J)+(1~FS(J) ) *PI*DR*B1*SPACER*QS (J))

QQS(J)= PI*DR* (SPACEB+THICK) *Qnus(J)

EDT(J)= QQF(J)/QQS(J)

GT(J)= SIGMA(J)*DR/(RHO(J) *G*THICK®**3)
GS(J)= SIGMA(J)*DR/(RHO(J)*G#*SPACEB#**3)
GF(J)= SIGMA(J)*DR/(RHO(J)*GeW#23)

N O 0o 0 00 000
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TF(J) =0
IF (HV(J) .NE. 0) THEN

TF(J)= ((0.943/0.728)**4«DR/HV(J)+BFeGF(J)/0.728%%4)** 25
END IF

TS(J)= (EPH(J)**3/0.728%%4+BS*GS(J)/0.728%%4)#+ 25
TT(J)= (DR/D2+BT*GT(J)/0.728w%%4) %% 25

IF (AREA .EQ. 1) THEN

EDTC(J)=(D2/DR) *THICK/ (SPACEB+THICK) *TT (J) *ETA+PHI (J) /PI* (1-FF(J))
* *((D2%*%2~DR#*%2) / (2¢DRw (SPACEB+THICK) ) ) *TF (J) *ETA+PHI (J) /P1

* *(1-FS§(J))*B1* (SPACEB/ (SPACEB+THICK) ) *TS(J)

ELSE

EDTC(J)= QQF (J) /QQS(J)

END IF

QFF(J)= (QF(J)+QT(J)+QS(J))*NU

AT= PI*D2#T

AF(J)= (PHI(J)/PI)#*((1-FF(J))*PI#*#(D2*#2-DR**2)/2)
As(j)= (1-£s(j))*pisdr+Bilrspaceb

Atotal(j)= At+As(j)+AL(j)

HS(J)= QS(J) /DT(J,3)

HF(J)= QQf(j)/(Atotal(J)*DT(J,3))

HN(J)= EDTC(J) *QNUS(J)/DT(J,3)

HR(J)= QQF(J)/(PI*DR*(SPACEB+THICK)*DT(J,3))

WRITE(15,%) ‘HN:’,HN(J)
WRITE(15,*) ‘HO(ROSE):’,HN(J)

WRITE(15,%) ‘HR:’,HR(J)

WRITE(15,%) ‘EDT:’, EDT(J)

write(1s,+)

WRITE(15,%) ‘TOTAL SURFACE AREA:’,ATOTAL(J)
WRITE(15,*) °AREA OF TIP:’,AT

WRITE(15,%) ‘AREA OF FLANK:’,AF(J)
WRITE(15,*) ‘AREA OF SPACE:’,AS(J)

WRITE(15,%) °HS:’,HS(J)
WRITE(15,*) ‘ENHANCEMENT FROM HEAT FLUX:’, QQF(J)/QQS(J)
WRITE(15,*) ‘QNUSS:’,QNUS(J)
WRITE(15,*) ‘Edtc:’, EDTC(J)
WRITE(15,*) ‘QQF:’, QQF(J)
WRITE(15,%) ‘QQS:’, QQS(J)
WRITE(15,*) ‘HEAT FLUX ON FIN FLANK QF:’, QF(J)
WRITE(15,%) ‘HEAT FLUX AT FIN INTERSPACING QS:’, QS(J)
WRITE(15,*) 'HEAT FLUX AT FIN TIP QT:’ , QT(J)
WRITE(1S,*) ’FF:’,FF(J)
WRITE(15,*) ’‘FFI:’,FFI(J)
WRITE(15,*) ‘PS:’,FS(J)
WRITE(15,*) ‘FSI:’,FSI(J)
WRITE(15,*) ’‘PHI:’,PHI(J)
WRITE(15,%) ’HV:’,HV(J)
WRITE(15,%) ‘RHOG:’,RHOG(J)
WRITE(15,*) ‘RHOF:’,RHOF(J) ,
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WRITE(15,*)
WRITE(15,*)
WRITE(15,*)
WRITE(15,*)
WRITE(15,*)
WRITE(15,*)
WRITE(15,*)
WRITE(1S,*)
WRITE(15,*)
WRITE(15,*)
WRITE(1S,*)
WRITE(1S,*)
WRITE(1S,*)
WRITE(15,*)
WRITE(15,*)
WRITE(15,*)
WRITE(15,*)
WRITE(15,*)
WRITE(15,%)
WRITE(15,9)

for surface area effect
£1(3)= £s(J)
£2(3)= ££(3)

RHO: ’ ,RHO(J)

‘D2:’,D2

‘BETA:’ ,BETA
‘SIGMA:’ ,SIGMA(J)

’G:’,G
'GT:’,GT(J)
'G8:’,GS(J)
'Gr:’ ,Gr(J)
‘DE:’,DE
‘DR:’,DR
'TF:’ ,TF(J)
'T8:/,TS(J)
TT: ! ,TT(J)

FIN THICKNESS:'’,THICK

*SPACING AT FIN BASE (S):’,SPACEB
'FIN SPACING AT TIP (B):’,SPACET
‘FIN PITCH:’,PITCH

FIN HEIGHT (H):’,W

ARF(J)= (R1*SPACET*PHI(J)*(1-F1(J))+(R2**2=R1*+2)+*PHI(J)
- *(1-F2(J))+(PI*R2*THICK) )/ (PI*R1+* (SPACET+THICK))

EARF(J)= (R1*SPACET*PHI(J)*(1-F1(J))*ETA+(R2*¢2-R1%*¢2)+«PH]I(J)
* *(1-F2(J) ) *ETA+(PI*R2¢*TEICK) ) / (PI*R1* (SPACET+THICK))

ATS(J)= (R1#SPACET+(R2#*2-R1##2)+R2*THICK)/

* {ris(spacet+thick))

Atr(j)= (r2e#*2-(rl+.5*spacet)*+2+.5*pisgpacet*(ri+.5*spacet+*(1-

* (2/pi)))+xr2*thick)/(ri*(spacet+thick))

Ar(j)= ((r2#+*2-(ri+.S+*gpacet)*+*2)*(phi(j)/pi)+(ri+.5*spacet+

* (1-(2/pi)) ) *.5*gpacet*phi(j)+r2+thick)/

* (rl*(spacet+thick})

EAR(J)= ((R2#%##2-(R1+.5*SPACET)*#2)*(PHI(J)/PI)*ETA+(R1+.5¢«SPACET*
* (1-(2/PI)) ) *.5*SPACET*PHI (J) *ETA+R2*THICK*ETA) /

* (R1#* (SPACET+THICK)

RSA(j)= (Ats(]J)=-Atr(j))/Ats(j)
IEAA(J)= (Ar(j)-Arf(j))/Art(J)

MAXENH (j)= IEAA(j)=RSA(])

WRITE(15,*) ‘FRACTION OF AREA BLANKED ON TOP Fl:’,F1(J)
WRITE(15,*) ’‘FRACTION OF AREA BLANKED ON FLANKS F2:,F2(J)
WRITE(15,*) ’ACTIVE AREA ENHANCEMENT RECTANGULAR-SECTON
* FINS ARF:’,ARF(J)
WRITE(1S5,*) ’‘ACTIVE AREA ENHANCEMENT FILLET RADIUS ROOT AR:’,

* AR(J)

WRITE(15,*) ‘RECTANGULAR-SECTION FINS TOTAL SURFACE AREA

* ENHANCEMENT ATS:’,ATS(J)

WRITE(15,%) ‘FILLET RADIUS TOTAL SURFACE AREA ENHANCEMENT

*  ATR:’,ATR(J)
WRITE(15,*) ‘REDUCTION IN ENHANCEMENT DUE TO THE LOST OF SURFACE
*  AREA (FROM FILLET ROOT):’,RSA(J)
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WRITE(15,%) ‘INCREASE IN ENHANCEMENT DUE TO ACTIVE AREA:’,IEAA(J)
WRITE(15,%) ‘MAX ENHANCEMENT:’,MAXENH (J)
WRITE(15,*) ‘ACTIVE SURFACE AREA ENHANCEMENT RATIO (AR/ARF):’
* +AR(J) /ARF (J)
WRITE(1S,*)
WRITE(15,*)
WRITE(15,%) ‘ETA:’,ETA
WRITE(15,%) ‘EQN(34) =’,ARF(J)
WRITE(15,%) ‘EQN(43) =’,AR(J)
WRITE(15,%) ‘EQN(41) =’ ,ATS(J)
WRITE(15,%) ‘EQN(42) =’,ATR(J)
WRITE(15,%) ‘EQN(43)/EQN(34) =’, (AR(J) /ARF(J))
WRITE(15,%*) ’‘DR=’,DR
WRITE(15,%) ‘SIGMA=’,SIGMA(J)
WRITE(15,%) ‘RHOG:’,RHOG(J)
WRITE(15,*) ‘RHOF:’,RHOF(J)
WRITE(15,*) ‘RHO:‘,RHO(J)
CONTINUE
CLOSE(16)
CONTINUE

END
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APPENDIX D. SANPLE DATA RUNS

Table II contains the correlation information for the data
runs contained in this Appendix. All the data runs were
processed using the Petukhov-Popov [Ref. 33] inside heat
transfer correlation. The data have been printed out in the

short form format.
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NOTE: Program name : DRPALL
Data taken by

1 (based orn Petukhov-Popov)
Alpha (based on Nusselt {Tdel))

This snalysis done on file :

cose
ATOD! !

This analysis includes end-fin effect

Thermal conductivity
Inside diameter, Di
Outside diamster, Do

= 390.8 (W/m.K)

- ]2
= 14

LT10 (mm)
.38 (mm)

This snalysis usss the QUARTZ THERMOMETER rsadings

Modified Pstukhov-Popov toefficient

Using HEATEX insert inside tubte
Tube Enhancement
Tube material

Pressure condition

Nusseit theory is used for HO

Entarcement (g)
Ennarcement (Del-T)

Data
4

WMWK Wt —

10

Vuw
(m7%)
4.28
3.75

3.2

2.70
2.18
1.66
1.14
1.14
1.66
2.18
2.70
.22
3.73

4.25

Uo
(W/m=2-K)
7.880E+402
7.874E+407
7.836E+03
7.704E+03
7.502E+02
7.804E+02
6.69%E+02
6.685E+02
7.229E402
7.483E403
7.812E402
7.985E+02
7.9Z8E+02
8.082E+032

Lesst-Squares Line for HO vs G4 curve:

Siope
Intercept =

= 2,5000
SMOOTH TUBE
: COPPER
ATMOSPHERIC
= 2.8744
= ©.8298
= .968
= .976
Ho Qp Tef
(W/m*2-K) (W/m~2) (C)
9.583E+03 S.348E+0S gs5.81
9.7713E+03 S.264E+05 §2.86
9.978E+4+03 5.158E£+05 51.69
1.0126+04 4,965E+0S 49.¢7
1.030E+04 4,757E+05 46.20
1.188E+04 4.815E+05 40.52
1.095E+04 4.Q67E+0S z7.1¢
1.087E+04 4.113E+Q5 77.51
1.064E+04 4 .SQ1E+05 42.%%
1.026E+04 4.693E+0S 45.72
1.028E+04 4,920E+05 47.88
1.817E+04 S.041E+05 49.55
9.814E+02 5.020E+05S §1.15
9.818E+0% S.112E+05 52.07

= 0.0000E+00
©.0000E+00

Least-squares line for g = asdelta-T"b

s =
b=

NCTE:

NOTE:

2.696JE+04
7.5000E-0!
14 gata points were stored In f1le ATODI!!

14 X-Y pairs were stored in data file
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Ts

(C)
99.98
89.91
10¢.02
100.04
100.04
10¢.03
99.82
1e¢.02
99.90
98.9
10C.01
99.97
102.04
10¢.9!




NOTE: Prograrm name : DRPALL

Data taken by : COBB

This analysis done on file : ATSMTH!

This analysis includes end-fin effect

Tharmal conductivity = 390.8 (W/m.K)

Inside diameter, Di = 12.70 (mm)

Outside diameter, Do = 14,38 (mm)

This analysis uses the QUARTZ THERMOMETER readings

Modified Petukhov~Popov coefficient = 2.500¢
Using HEATEX insert inside tubde
Tube Enhancement T SMOOTH TUBE
Tube material : COPPER
Pressure condition : ATMOSPHERIC
Nusselt theory 15 used for Ho
€1 (based on Petukhov-Popov) = 2,.8497
Alpha (based on Nusselt (Tgel)) = @.8499
Enrancement (q) = 1,000
Enhancement (Del-T) = 1,000
Data Vu Ve Ho Op Tect Ts
t 4 {(m/s) (W/m"2-K) (W/m*2-K) (W/m~2) (C) (C)
1 4£.70 7.969E+0T 9.744E+403 5.619E+0S 57.67 99.96
2 2.77 7.920E+02 9.884E+0Z S.S5Z7E+0S 56.01 99.89
4 .24 7.858E+03 1.Q07E+04 §5.458E+0S 54.20 99.95
4 2.72 7.708E+02 1.021E+04 5, 33QE+0S §2.18 10¢.04
S 2.19  7.48SE+03 1.038E+04 §5.128E+0S 49,78 99.89
1] 1.67  7.128E+03 1.058E+04 4.860E+05S 45.96 100.06
? 1.1 ©6.6S8E+032 1.116E+04 &.S503E+0S 40.35 100.12
8 1.1  6.677E+02 1.121E+04 4 ,.497€+05 4¢.17 99.99
S 1.67 7.124E+03 | . O5SE+04 4.828E+0S 45.74 10¢.01
10 2.19  7.470E+02 1.034E+04 S.079E+05 49.12 100.07
1R 2. T7.752E+02 1.026E+04 S.269E+05 S1.24 100.10
12 3.284 7.914E+02 1.013E+04 §5.390E+05 §2.19 102.18
134 3.76 7.962E+4@7 S.907E+0Z S.IBIE+LS 54.77 100.12
14 6.28 8.070E+07 9.847E+07 S.442E+0S §58.27 100.12

Least-Squares Line for Ho vs g curve:
Slope = @.0000E+00
Irtercept = ©Q.QC0C0E+00

Least-squares line for g = as*delta-T L
&= 2.7388E+04
b= 7.5000E-01

NOTE: 14 data points were storeg in file ATSMTH!

NOTE: 14 X-Y pairs were stored in data file
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NOTE:

Program name : DRPALL
Data taken by : CoBE
This analysis done on file : ATSMTHI

This analysis includes end-fin affect

Therma! conductivity = 390.8 (W/w.K)

Inside diameter, D1 s 12.70 (mm)

Outside diameter, Do = 14.38 (mm)

This analysis uses the QUARTZ THERMOMETER readings

Modified Petukhov-Popov coefficient = 2.5000
Using HEATEX insert inside tube
Tube Enhancement 3 SMOOTH TUBE
Tube material : COPPER
Pressure condition : ATMOSPHERIC
Nusselt theory 1is used for Ho
C1 (based on Petukhov~Popov) = 2.7548
Alpha (based on Nusselt (Tdel)) = ©.856!
Ennancement (g) = 1.,01¢
Enhancement (Del-T) = 1.007
Data Vuw Vo Ho Qp Tef
3 {m/8) (W/m~2-K) (W/m~2-K) (W/m 2 (C)
! 4.30 7.882E+0% 9.681E+407 5.58ZE+05 §7.87
2 %.77 7.912E403  9.944E+03 5.542E+405 65.74
] 7.24 T7.886E+03 1.020E+04 5.473E+05 §2.62
4 2.72  T.TIEE+QR3 1.022E+04 5.290E+05 §1.25
5 2.19  7.480E+0Z 1.089E+04 ©G5.117E+05 48.77
1] 1.67  T.183E+02 1.079E+04 4 .8B9E+0S 45.14
7 1.5 E.B31E+02 1.132E+04 4.472E+05 39.61
8 1.16  6.60Q2E+@2 1.124E+04 4.454E+0S 39.64
9 1.67  7.120E403 1.071E+04 4.844E+QS 45,21
10 2.19  7.520E+02Z 1 .056E+04 G.1298E+05 48.55
11 2.72 7.766E+22 1.040E+84 5.298E+0S 5¢.92
12 Z.24 7.936E+02 1.026E+04 S.412E+0S 82.73
12 3.76 8.015E+403 1.007E+84 GS.4489E+05 84,10
14 4.28 8.059E+03 9.904E+03 5.48BOE+0S €5.323
feast-Squares Line for Ho vs Q curve:
Slope = @.C000E+00
Intercept = ©.0000E+00

{east-squares line for q = se¢delta-T"b

a3 =
t =

NOTE :

NOTE:

2.7624E+04

7.5000E-0!

14 gata points were stored in file ATSMTHZ
14 X-Y pairs were stored in data file
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Ts

C)
10¢.05
192.12
99.96
899.96
100.12
10¢.14
100.01
102.02
10¢.05
100.14
99.95
99.88
100.08
1900.132



NOTE: Propgram name : DRPALL
Data taken by : cose
This analysis done on file : UTSMTH!
This analysis includes end-fin effect
Thermal conductivity = 390.8 (W/m.X)
Inside diametar, Di = 12,70 (mm)
Outeide diameter, Do = 14.38 (mn)
This analysis uses the QUARTI THERMOMETER readings

todified Petukhov-Popov coefficiant = 2.5000
Using HEATEX inserti inside tube
Tube Enhancement : SMOOTH TUBE
Tube material : COPPER
Pressure condition : UACUUM
Nusselt theory is used for Ho
Ci (based on Petukhov-Popov) = 2.6957
Alpha (based on Nusselt (Tdel)) = 0.8127
Enhancement (gq) = {.004
Entiancement (Del-T) = 1,002
Data Vu Uo Ho Cp Tef
{(m/s) (W/m*2-K) (W/m~2-K) (W/m~2) (C)
1 4.5 8.71S5E+03 1.18TE+04 1 ,.869E+0S 16.89
2 1.15  6.985E+03 1.297E+04 1.429E+05 11.02
] 2.78 8.576E+02 1.115E404 1.B30QE+05 16.41
4 1.68  7.504E+03 1.187€404 1.SE67E+0S 13.09
z 7.25 8.S0ZE+03 1.143E+04 1.817E+QS 15.90
1] 2.20  7.971E+0Q3 1.1 76E+04 1.BT1E+0S 14.21
7 2.7  8.IJ0BE+02 1.163E+04 1.7S8E+05 16.12
8 2.73  8.J48E+Q2 1.171E+404 1.761€E+405 15.04
9 2.20 7.9Z2E+03 1.168E+04 1,.684E+0S 14.42
10 .25 8.515E+07 1.145E+04 1.821E+05 15.99
11 1.68  7.436E+0Q2 1.180E+04 1.SBT7E+0S 13.28
12 .78 8.615E+03 1.121E+04 1.840E+0S 16.40
13 4.5 8.670E+03 1.100E+04 1.87T7E+405 17.97
14 1.15  6.765E+03 1.226E+08 1.438E+05 11.73
Least-Sguares Line for Ho vs g curve:
Slope 0.000CE+00
Intercept 0.0C00E+00

Least-squares line for g = asdgelta-T"d
2.2763E+04
7.S000E-01

.B
b=

NOTE:

NOTE:

14 dats points were stored in file VISMTH!

14 X-Y pairs were stored 1n data file
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Ts

(C)
48.60
48.57
48.56
48.60
48.65
48.50
48.56
48,52
48.78
48.78
48.81
48.54
48.78
48.95




NOTE: Program name : DRPALL
Data taken by coes
This analysis done on file : UTSMTH3
This analysis includes end-fin ¢l 7ect

e

Thermal conductivity = 390.8 (W/m.K)
Inside diameter, Di = 12.70 (mm)
Outside diameter, Do = 14.38 (mn)

This analysis uses the QUARTZ THERMOMETER readings
Modified Petukhov-Popov coefficient = 2.50080
Using HEATEX insert inside tube

Tube Enhancement t SMOOTH TUBE

Tube material : COPPER

Pressure condition : VACUUM

Nusselt theory is used for Ho

Ci (based on Petukhov-Popov) = 2,.8589
Alpha (based on Nusselt (Tdel)) = ©.7971

Enhancement (q) = .979

Entancement (Del-T) = .984

Dats Vu Uo Ho Qp Tc!

- (m/s) (W/m2-K) (W/m"2-K) (W/m~2) (C)
1 4.32 8.811E+02 1.048E+04 1.981E+0S 18.88
2 1.16  6.859E+02 1.1STE+84 1 .540E+0S 13.31
z .79 B8.J16E+23 1.061E+04 1,.969E+0S 18.56
4 1.68 7.203E40%7 1.116E+Q04 1.T1SE+QS 18.37
] 7.27 8.144E+402 1.068E+0¢ 1.979E+05 18.527
6 21 7.669E+032 1.096E+04 1.B45E+0S 16.82
7 2.74  7.931E+02 1.078E+84 1.920E+0S 17.82
8 2.74 7.87SE+403 1.08E6E+04 1.938E+0S 17.85
9 2.2 7.657€+037 1.083E+04 1.841E+05 16.84

1 2.27 8.136E407 1.QE7E+04 1.976E+0S 18.53
1 1.68  7.J11E+403  1.128BE+04 1.723E+0S 15.27
12 7.80 8.196E+03 1.QG43E+Q4 2.01T7E+05 18.34
13 1.16  6.734E+03 1.188E+04 1.E29E+0S 13.72
14 £.33 8.2TZ7E+07 1.024E+04 2.038E+0S 19.91

Least-Squares Line for Ho vs Q curve:
Slope = ¢.0000E+0Q
Intercept = Q.0000E+00
Least-squares line for o = asgelta-T*b
as= 2,2132E+04
t = 7.5000E-0!
NOTE: 14 data points were stored in file UTSMTHI

NOTE: 14 X-Y pairs were stiored ir data file
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Ts

(C)
£8.42
48.89
48.36
48.7¢
48.86
48.81
48.86
48.98
48.86
48.88
48.77
48.80
48.85
48.8C




NOTE: Program name : DRPALL
Data takern by

Ci (based on Petukhov-Popov) =
Alpha (based or Nusselt (Tdel)) =

This analysis done on file :

: COB8

ATR1

This analysis includes end-fir effact

Thermal conductivity
Inside diameter, D1
Outside diameter, Do

= 398.8 (W/m.K)
= 12.
= 13,

7¢ (mm)
88 (mm)

This analysis uses the QUARTZ THERMOMETER readings

todified Petukhov-Popov coefficient

Using HEATEX insart inside tube
Tube Enhancemant
Tube matesrial

Pressure condition :

Entancement (q)
gnhancement (Del-~-T)

RECTANGULAR FINNED TUBE

COPPER

ATHOSPHERIC
Nusselt theory is used for Ho

N WMWY

Ho
(W/m~2-K)
3.392E+04
2.893E+04
2.785E+04
2.753E+04
2.719E+04
2.722E+404
2.435E+04
2.872E+08
2.855€E+04
2.835€+04
2.847E+04
2.863E+04
2.882E+04
2.942E+04
2.925E+04
2.933E+04
3.056E+04
3.322E+04
4.668E+04

.0632
.0360
.33
. 466

Qp

(W/m~2)
5.848E+05
7.7TO0E+0QS
8.946E+05
8.891E+05
1. 059E+06
1.115€406
1.002E+06
1.161E406
1.194E+06
1.228E+06
1.224E+06
1.19SE+06
1.158E+06
1.114E+06
1.849E+06
9.739E+05
8.953E+05
7.764E+05
6.062E+05

19 data points were stored in file ATO1Y

Data Vuw uo
$ (m/%) (W/m*2-K)
1 .67 8.658E+03
2 1.18 1.123E+04
z 1.68 1.302E+04
3 2.20 1.481E+04
S 2.72 1.547E+04
B z.28 1.634E+04
7 2.22 1.529€E+04
8 2.75 1.781E+€4
] 4,27 1.840E+04
10 4,79 1.888E+04
] 4,79 1.892E+04
12 4,2 1.845E+04
12 2.75 1.788E+04
14 3.23 1.720E+04
1§ 2. N 1.628E+04
16 2.18 1.511E+04
17 1.67 1.281E+04
18 1.15 1.208E+04
19 2.62 9.546E+032
Lezsi-squares line for g = aedelta-Tt
& = 7.0970E+04
b= 7.5000E-01
NOTE:
NOTE:

19 X-Y pairs were stored in data file
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= 2.5000

Tet
C)
17.25
26.62
F2.12
35.92
38.9%
40.97
41.14
4¢.41
41.83
42.32
43.24
41.74
40.18
Z7.86
35.88
37.21
29.30
22.20

12.98

Ts

()
99.90
89.86
99.82
88.98
100.02
9g9.9¢
89.98
100.1¢
99.80
100.02
100.17
100. 01
10€.27
99.87
89.96
100.08
99.99
99.94
100.15




NOTE: Program name

C1 (pased on Petukhov-Popov)

: DRPALL

Data taken by : COBB

This analysis done on file : AT@I3

This analysis includes eno-fin effect

Tharmal conductivity = 390.8 (U/m.K)
Inside diameter, Di = 12.70 (mm)

Outside diameter, DO = 13.88 (mn)

This analysis uses the QUARTZ THERMOMETER readings
Modi fied Petukhov-Popov coefficient = 2.5000
Using HEATEX irnsert inside tube

Tube Enhancement : RECTANGULAR FINNED TUBE
Tube matsrial : COPPER

Pressure condition : ATMOSPHERIC
Nusselt theory 1% used for Ho

Ennancement (Q)

=

Alpha (based on Nusselt (Tdel)) = 2,
=
=

Data

WO -JOWN NN —

10
i
12

13

2.1616

2757

3.718

Enrarcement (Del-T) 2.677
Vuw Uo Ho 141} Tecf
(m/7s ) (W/m2-K) (W/m2-K) (W/m~2) (C)
2.74 1.863E+04 Z.000E+04 1,16QE+0E 38.67
4.25 1.926E+04 2.987E+04 1,195E+06 49.01
3.22 1.784E+04 3.002E+04 1.104E+06 36.78
2.70 1.731E+04 3.151E+04 1 ,075E+06 34.10
2.18 1.586E+04 3.097E+04 9.837€E+40S 31.96
1.66 1.599€+04 4 .077E+04 1 ,00SE+06 24 .65
1.14 1.310E+04 2.9Q07E+04 8,283E+0S 21.15
1.18 1.224E+04 Z.278E+04 7.864E+05 2%.99
1.87 1.4839E+04 3.228E+04 9.212E+40Q5 28.89
2.18 1.644E+08 3.3E7E+04 1 .QSBE+06 31.43
2.70 1.718E+84 2.1Z4E+04 1 ,092E+06 34.85
3.22 1.814E+04 3,112E+Q4 1.15SE+0E 37.10
.74 1.902E+02 Z.119E+04 1,205€+06 38.63
4,26 1.955E+04 Z.064E+04 1,22S5E+06 38.97

14

Lessi-squares line for g = as+deita-T°b
7.7229E+04
7.5000E-01

as=
b =

NOTE: 14 data poinis were stored in file ATO12

NOTE: 14 X-Y pairs were stored in data file
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Ts

(C)
102.907
99.86
102.05
100.04
99.89
98.97
100.16
192.0!
19¢.0S
10¢.06
95.97
10C.06
98.88
99.86




NOTE: Program name : DRPALL
Dats taken by

This anslysis done on file @

. se

coses
ATR21

This analysis includes end-fin effect

Thermal conductiivity
Inside diameter, Di
Ouiside diameter, Do

= 39¢.8 (Y/m.K)
s |2,
= 14,

70 (mm)
38 (mm)

This analysis uses the QUARTZ THERMOMETER readings

Modified Petukhov-Popov coefficient

Using HMEATEX insert inside tube
Tube Enhancement
Tubes material

Pressure condition : ATMOSPHERIC
Nusselt theory is used for Ho

Ci (based on Petukhov-Popov) = 3,
Alpha (based on Nusselt (Tdel)) =

Enhancement (Q)
Enhancement (Del-T)

Data Vu
{(m/8)
1 0.682
2 1.18
L] 1.67
4 2.2¢
) 2.72
1) .24
7 Z.76
8 4,27
9 4.5%
10 4.53
11 4,26
12 2.74
12 3.22
14 2.70
15 2.18
16 1.686
17 1.14
18 0.62

vo
(W/m*2~-K)
7.581E+02
9. 183E+032
1.061E+04
1.128€+04
1.225E+04
1.271E+04
1.230E+04
1 . 3S1E+0Q4
1.364E+04
1.768E+04
1. J56E+04
1.323E+04
1.312E+04
1.263E+04
1.199E+04
1.247E+04
1.019E+404
8.7T11E+03

= 2.,5000

SHALLOW FILLET FINNED TUBE

: COPPER

Ho

(W/m 2~¢)
2.151E404
1.839E+04
1 .875E+04
| .835E+04
1.873E+Q4
1.853E+04
}.881E+04
1.848E+404
1.841E+0Q4
1.848E+04
1.850E+04
1.871E4+04
1.9168E+04
1.905E+04
1.944E+04
2.815E+04
2.161E+404
2.958E+04

1.
= 2.

= 1,

2217
4856
105
748

Qp

(W/m*2)
.O80E+0S
.298E+05
L227E+405
.762E+@5
.302E+05
.S8TE+0QS
.880E+05
.942E+05
L821E+05
.899E+05
.1SSE+05
LABTE+QS
.2T79E+0S
.B64E+05
7.472E+05
7.6€8E+05
£.269E+05
5.206E+05

DO DOOMO®MMO®O~I IO

Least-squares line for g = asdelts-T"d

& =
v =

4.92Z1E+04
7.5000E-0!

NOTE: 18 data points were stored im file ATO2!

NOTE: 18 X-Y pairs were storeg in oais file
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Tzt
(C)
23.62
34.25
38.54
42.29
44.32
46.74
47.27
48.329
48.45
48.17
47.32
45.27
43.22
41.28
78.44
21.75
29.01
17.60

Ts

(C)
99.80
99.90
99.74
958.8!
99.92
99,97
102 .01
100.12
12¢.07
99.95
100.08
99.98
99.82
10€.06
100.92
100.11
10¢.05
100.12




NOTE:

Program name : DRPALL

Data taker by : COBB
This arnalysis done on file : ATO23
This analysis inclutes end-fin effect

Thermal conductivity = 390.8 (W/m.K)
Irnside diameter, D1 = 12.70 (mam)
Outside diameter, Do = 14,38 (mm)

This analysis uses the QUARTI THERMOMETER resadings
todified Petukhov-Popov coefficient = 2.5000
Using HEATEX insert inside tube

Tube Enhancement : SHALLOW FILLETY FINNED TUBE
Tube material : COPPER

Pressure condition : ATMOSPHERIC

Nusselt theory is used for Ho

Ci1 (based or Petukhov-Popov) = 2.8461

Alphe (based on Nusselt (Tdel)) = 1.5213

Enrancement (g) = 2,173

Enhancement (Del-T) = 1,79

Data Vu Uc Ho Gp Tet
3 (m/%) (W/m~2-K) (W/m*2-K) (W/m=2) (C)
1 4,28 1.287E+04 1.787E+04 8.699E+05 48.67
2 3.74 1.296E+04 1.864E+04 B8.4D1E+0S 45,08
] .22 1.300E404 1.960E+04 8.138E+0S 41,52
4 2.68 1.275E+04 2.035E+04 7T.T749E+05 38.08
5 2.17 1.216E+04 2.073E+04 7.214E+QS 24.79
13 1.65 1.136E+04 2.1279E+04 6.516E+05 30.47
7 1.13 1 .Q08E+04 2.228E+04 ©S.E5SE+0S 25.40
8 1.14 9.8971E+07 2.301E+04 §£.3S57E+0S 27.62
9 1.66 1. 1239E+04 2.227E+04 7.205E+05 32.36
10 2.18 1.228E+04 2.126E+04 7.853E+05 35.682
1" 2.89 1.307€E+04 2.102E+Q4 7.74BE+0QS 36.85
12 z.19 1.377E+04  2.1QBE+Q4 7.875E+05 37.40
13 3.7 1 .424E+04 2.08JE+04 7.889E+05 27.88
14 4.20 1 . 4S8E+04  2.Q55E+04 7.683E+0S 37.328

Least-squares line for o = a*delts-T°b
a=* 5.C729E+04
bt = 7.5000E-01

NOTE: 14 dats points were stored i1n file ATO22

NOTE: 14 X-Y pairs were storec in dats file
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8s.
100,
100.

88.
10€.
100.
100.
.02

98.
100.
100.

89.
10Q.
100.

100

Ts
c)
86
21
LR
78
12
09
18

82
25
oe
86
o
15




NOTE:

Program name : ORPALL

Data taken by COo88
This analysis done on file : ATE3!
This aralysis includes end-fin effect

Thermal conductivity = 390.8 (U/m.K)
Inside diameter, Di s 12.7¢ (mm)
Outside diameter, Do = 15,88 (mm)

This analysis uses tha QUARTZ THERMOMETER readings
Modified Petukhov-Popov coefficient = 2.5000
Using HEATEX insert inside tube

Tube Enhancement : DEEP FILLET FINNED TUBE

Tube material : COPPER

Pressure condition : ATMOSPHERIC

Nusseit theory 18 used for Ho

€Ci (based on Petukhov-Popov) = 3.0158

Alpha (based on Nusselt (Tdel)) = 1,.8948

Enharicement (g) = 2.912

Errancement (Del-T) = 2,229

Dats Vu ) Ho Qp Tet
$ {m/s) (W/m"2-K) (W/m*2-K) (W/m*2) (C)
1 .62 8.419E+03 3.200E+Q4 S.734E+0S 17.92
2 1.15 1.094E+04  2,.790E+Q4 7.614E+0QS 27.28
2 1.68 1.250E+04 2.590E+g4 8.543E+05 32.99
4 2.20 1.375€+04 2.548E+04 8.401E+05 36.89
S 2.72 1.466E+04 2,.S04E+Q04 9,.814E+0S 39.60
B 3.24 1.545€+04 2.4S4E+04 1.0Z8E+06 41,863
7 Z.76 1.600E+04 2.459E+04 1,QE6BE+06 47 .42
8 .27 1.655E+04 2.454E+04 1.092E+06 44.5¢
9 4,79 1.694E+04 2.427E+04 1.1Q0SE+0E 45,35
10 .78 1.707E+04  2.456E+04 1,09BE+0Q6 44.61
n 4,26 1.690E+04 2.S18E+04 1.07SE+06 42.69
12 2.74 1.641E+04 2.528E+04 | .D040QE+0E 41,14
1z 3.22 1.588E+04 2.559E+04 9.96QE+0S 38.92
14 2.7 1.517€+04  2.590E+Q4 S8.478E+05 26.60
15 2.18 1.423E+404 2.621E+04 8.89E6E+0S 37.94
16 1.66 1.701E+04 2.682E+04 6.108E+05 30.22
17 1.14 1.127E4+04 2.778E+Q4 €.987E+0S 25.14
18 .62 9.003E+02 I.600E+04 §.490E+0S 1€.28

Leasti-squares line for g = segelta-7"d
&= 6.3826E+04
b = 7.5000E-01

NOTE: 18 data points were stored in file ATE3!

NOTE:

18 X-Y pairs were stored in data file
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Ts
(C)

100.07
100.20
89.74
89.95
99.93
g99.81
100.22
100.29
99.98
99.89
99.76
102.12
g98.937
99.9¢
100.21
100.10
89.94
99.86




NOTE:

Proyram name : DRPALL

Data taken by : COBB
This analysis Cone or file : ATOZ2
This analysis includes end-fin effect

Thermal conductivity s 390.8 (W/m.X)
Inside diameter, Di = 12.70 (mm)
Outside diameter, Do s 13.88 (mm)

This analysis uses the QUARTZ THERMOMETER readinps
Modified Petukhov-Popov coefficient = 2.5000
Using HEATEX insert inside tube

Tube Enharcement : DEEP FILLEY FINNED TUBE

Tube material : COPPER

Pressure condition : ATMOSPHERIC

Nusselt theory is used for HO

C1 (based on Petukhov-Popov) = 3 0216

Alpha (based on Nusselt (Tdel)) = 11,8008

Enhancement (q) = 2,721

Enhancerment (Del-T) = 2,119

Data Vw Uo Ho Qp Tet
E 4 {(m/%) (W/m~2-K) (W/m"2-K) (W/m*2) ()

1 4,27 1.S76E4+04 2.278BE+04 1.022E+408 44 .86

2 Z.75 1.539E+04 2.303E+04 S8.9B639E+0QS 43.29
)] 3.23 1.508E+04 2.370E+04 9.598E+0S 40.92
4 2.7 1.842E+04  2.299E+Q4 9 JI3E+QS 28.90
g 2.19 1.348E+04 2.411E+04 8,78BE+QS 36.44
6 1.67 1.261E+04 2.563E+Q04 8,217E+05 32.05
7 1.18 t.112E404 2.752E+04 7.197E+05 26.15
8 1.18 1. 105E404  2,.743E+40Q04 7.296E+05 26.59
9 1.67 1.256E+04 2.567E+04 8.320E+05 22.41
10 2.19 1.24T7E+04  2.423E+04 8.966E+05 37.00
11 2.7 1.435E+04  2.399E+04 9.56EE+0S z9.87
12 %.23 1.501E+04 2.371E+04 S,.949E+0S 41.96
17 3.75 1.S63E+04  2.364E+04 1.CG26E+06 47.40
14 4,27 1.596E+04 2.322E+04 1.Q02SE+06 44.75

Least-squares line for g = asdelta-T b
& = b5.0252E+04
t = 7.5000E-01

NOTE: 14 dats points were stored in file ATOZ3Z

NOTE: 14 X-Y pairs were stored in data file
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Ts

(C)
g99.88
10¢.08
99.80
899.9¢
10¢.08
100.0S
98.97
100.18
99.69
100.00
100.06
99.85
100.02
98.82




NOTE:

Program name : DRPALL

Dats taken by : COBB
This analysis done on file : ATGE!
This analysis includes end-fin sffect

Thermal conductivity s §5.3 (¥/m.K)
Inside diameter, Di = 12.7¢ (wm)
Outside diameter, Do = 13.88 (mm)

This sralysis uses the QUARTZ THERMOMETER readings
Modified Petukhov-Popov coefficient = 2.5000
Using HEATEX insert inside tube

Tube Enhancemant T RECTANOULAR FINNED TUBE

Tube material : 90/18 CU/NI

Pressure condition : ATMOSPHERIC

Nusselt theory is used for Ho

Ci (bassd on Petukhov-Popov) = 22,7938

Alpha (based on Nusselt (Tdel)) = 1.3084

Enhancement (q) = 1,763

Entancement (Del-T) = 1,530

Data U Vo Ho Qe Tet
3 (m/p) (W/m*2-K) (W/m~2-K) (W/m*2) (C)
1 .62 6.424E+4027 2.240E+04 4.455E+05 19.89
2 1.15  7.787E+02 1.811E484 S.4BOE+0S %¢.28
I 1.68 B8.800E+02 1.T748E+04 ©6.1323E+0S 25.06
4 2.2¢ S.495E+Q3 1. 725E+04 ©.6515E+@5 38.36
-] 2.72 1.005E+04 1.716€4+04 6.886E+0S 4¢.16
1] 2.23 1.047E+04 1.703E+04 ©.996E+05 47.08
7 3.78 1.096E+404 1.727E+04 7.222E40% 41.S7
8 4.27 1.113E+04 1.710E+84 7.327E+@5 42.91
b 4.79 1.124E+404 1.681E+04 7.40BE+0QS 44.05
10 4.79 1.1258€E+404 1.684E+Q4 7.428E+0S 44,11
i 4.27 {.106E+04 1.691E+84 7.276E+0S 43.02
12 3.7 1. 094E+C4 1.728E404 7.152E+05 41.37
13 2.23 1.070E+04 1.754E+04 6.962E+0%5 28.69
14 2.7 1.02CE+04 {.766E+04 €.T7QSE+QS 27.88
15 2.19  9.747E+02 1.772E+04 ©.365E+05 25.97
16 1.67  9.042E+0Z 1.796E+04 ©5.900E+05 22.86
17 1.18 8.043E+032 1.863€+04 5.267E+05 28.27
18 0.62 6.527E+0Z 2.1B7E+04 4.215E+0S 18.2

Least-squares line for g = aedelts-T b
a= 4.3671E+04
b= 7,5000c-01
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Ts
(C)

10e.03
98.72
98.8¢
98.96
99.82
100.06
99.8¢
99.8¢
88.81
10C.00C
98.99
99.88
98.84
89.80
89.95
99.92
98.93
99.89




NCTE:

Program name : DRPALL

Data taken by : COBB

This analysis done on file : ATOE3

This analysis includes end-fin effect

Thermal conductivity = §5.3 (W/m.K)
Inside diameter, D: = 12.70 (mm)

Qutside diameter, Do = 13.88 (mn}

This analysis uses the QUARTZ THERMOMETER resadings
Modified Petukhov-Popov coefficient = 2.5000
Using HEATEX insert inside tube

Tube Enhancement : RECTANGULAR FINNED TUBE

Tube material :
Pressure condition

90/1¢ CU/NI
ATHMOSPHERIC
Nusselt 1theory is used for Ho

Ci (tased on Petukhov-Popov) = 2.5574

Alpha (based on Nusselt (Tdel)) = 11,2925

Enhancement (g) = 1,748

Entarcement (Del-T = 1,521

Data Vw Vo Ho Qp Tet
$ {m/s) (W/m~2=-K) (W/m~2-K) {(W/im~2) (C)
f 4.29 1.067E+04 1.67CE+C4 7.452E+QS 44,62
2 2.77 1.847E+04 1.682E+484 7.J13E+0S 43.22
kA .24 1.821E+04 1.716E+84 7.G84E+0S 47.28
4 2.72  S.886E+Q2 1.754E+04 6£.835E+QS 28.97
S .20 9.IZ3CE+Q3 1.760E+04 6.413E405 36.43
13 1.87 B.658E+02 1.802E+04 S.8C2E+0QS 22.73
7 1.1 7.810E+0Q2 1.971E+404 £.289E+405 26.84
8 1.15  7.811E+03 1.972E+04 ©S.297E+405 26.85
8 1.67 B.B27E+QZ 1.792E+04 5.908E+0S 72.96
10 2.2¢ S.282E+02 t.743E404 6.368E+05 26.54
1 2.72  S.79%E+Q2 1.723E+04 6.74CE+0S Z9.12
12 Z.24 1.016E+04 1.689E+04 6.977E+0S 41.06
12 2.76 1.024E+04 1.653E+@4 7.098E+05 42.94
14 4.28 1.057E+04 1.641E+04 7.249E+05 45,18

Least-squares line for o = asgelta~Tb
as= 4.3716E+04
b= 7.5000E-0!

NOTE: 14 cata points were stored in file ATQEZ

NOTE:

14 X-Y pairs were stored in dats file
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T8

(C)
83.87
100.10
100.032
100.01
120.08
998.94
9g9.92
99.95
10€.02
9g9.98
18¢.05
99.96
99.984
10¢.21




NOTE: Program name @ DRPALL
Data taken by : COBB
This analysis done on file : ATET!
This aralysis includes end-fir effect
Thermal conductivity = 14,3 (/M)
Inside ciameter, DI = 12.70 (mm)
Outside diameter, Do = 17.88 (mm)
This analysis uses the QUARTZ THERMOMETER raadings
Modified Petukhov-Popov coefficient = 2.5000
Using HEATEX insert inside tube
Tube Enhancement : DEEP FILLET FINNED TUBE
Tube material : STAINLESS-STEEL
Pressure condition : ATMOSPHERIC

Nusselt theory is used for Ho

Ci (tbased on Petukhov-Popov) = 2.,2578
Alphs t(based orn Nusselt (Tdel)) = 1, 0063
Erhancement (g} . = 1,282
Enhancement (Del-T) = 1,184
Data Vi Uo Ho Qp Tcf
$ {m/s) (W/m*2-K) {W/m 2-K) (W/m2) (C)
i 4.321 6.815E+037 1.322E+04 4.995E+0S 27.51
2 .78 ©6.849E+02 1.362E+04 4.845E+05S 36.31
3 2.25 B6.786E+0J 1.411E+404 4.887E+0S 24.64
5 2.72  6.547€E+02 1.487E+04 4.698E+05 27.28
-] 2.20 ©B.334E+02 1.859E+¢4 4.SZ6E+0QS 2i1.10
6 1.68 5.850E+C2 1.483E484 4.254E+405 28.68
7 1.15  S.J77E+02 1.542E+04 TZ.816E+0S 24.75
8 1.1  5.385E+82 1.550E+04 3Z.827E+0S 24.68
9 1.68 5.862E+02 1.492E+08 4.267E+0S 28.6¢
10 2.20 6.J770E+0J 1.475E+04 4.573E+05 J1.00
1" 2.7 E6.S8TE+CY 1.427E+84 4.7Z9E+0S 72.2¢%
12 2.25 6.852E+02 1.438E+04 4.8J2E+0S 74.27
13 2.78 6.918E+87 1.389E+04 4.991E+QS 75.92
14 4£.2C 6.981E+07 1.258E+04 S.026E+0S J6.98

Leasi~sguares line for g = asdelis-T"D

a = J.4145E+04

b = 7.50005-01
NOTE: 14 data points were stored in file ATO7I
NOTE: 14 X-Y pairs were stored irn gata file
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Ts

(C)
19¢.¢2
190¢.02
99.98
9g.8¢%
10C.0¢
100.08
9C. 0!
10€.02
10¢.06
100.¢1
88.97
10€. 01
10C.08
10¢.84




NOTE: Program name : DRPALL
Data taken by : €088
This analysis oone on file : ATE8!
This analysis includes end-fin effect

Tharmal conductivity = 14.3 (W/m.K)
Inside diameter, Di s 12.70 {(mm)
Outside diameter, Do = 14,78 (mm)

This analysis uses the GUARTZ THERMOMETER readings
Modified Petukhov-Popov coefficient = 2.5000
Using HEATEX insert inside tube

Tube Enhancement : SHALLOW FILLET FINNED TUBE
Tube material : STAINLESS-STEEL

Prassure condition : ATMOSPHERIC

Nusselt theory is used for Ho

.68 5.218E+02 LAT5E+04 2.851E+405 26.10
.21  S5.648E+02 .462E+04 4.1Q2E+QS 28.0S
.72 5.884E+02 1.453E+G4 4.271E+0S 29.40
.2 6.026E+82  1.432E+04 4.391E405 30.65
.78 ©.0S6E+82  1.IZ87E+04 4.437E+0S Z1.98
.31 B.228E+83  1.284E+04 4.527E+05 32.47

Ci (based on Petukhov-Popov) =  2.3495
Alpha (based on Nuseelt (Tdel)) = @.9812
Enhancement (g) = {211
Enihmnvement (Del-T) = 1.1584
Cata Vu Vo Ho Qp Tef
$ (m/s) {(W/m~2-K) {W/m~2=-K) (W/m*2) (C)
.32 6.080E+Q2 1.328E+04 4.498E+05 33.87
.79  £.059E+02 1.371E+404 4.439E+05 22.78
.26 5.9B8E+02 1.398E+04 4.366E405 21.24
727  S.8CSE+QY 1.408E+34 4.239E+0S 3¢.10
.21 S.596E+03 1.428E+04 4.067E+0S 28.47
.68 S.IZ20E+C2 1.477E+Q04 3.86QE+05 26.12
.18  4.859E+02 1.529E+84 T.495E+0S 22.72
. 4 .859E+032 1.538E+04 Z.486E+05 22.72
i
1

BN UV KN —-
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Least-squares line for g = asdelta~-T"b
a = 2. 2221E+04
b= 7.5000E-0!

NOTE: 14 data points were stored in file ATOS!

NOTE: (4 X-Y pairs were stored in data file
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Ts

(C)
99.89
99.89
98.92
10¢.¢2
98.87
100.14
299.98
10¢.05
10¢. 01
100.82
98.98
100.02
108.83
102.10Q




NOTE: Program nama : DRPALL

Data taken by : €088
This analysis done on file : ATE4!
This analysis includes end-fin affect

Ci (based on Petukhov-Popov) =
Alpha (based on Nusselt (Tdel)) = 1.9511
Enhancemant (q) -

=

Data

WO-JNU & N -

10
LR
12
13

Thermal conductivity = §5.3 (4/m.XK)
Insids diamater, Di = 12.70 (mm)
Outside diametesr, Do = 13.88 (mn)

This analysis uses the QUARTZ THERMOMETER rasadings
Modified Pestukhov-Popov coesfficient = 2.5000
Using HEATEX inserti insitde tube

Tubs Enhancaement : DEEP FILLEY FINNED TUBE

Tuba material : 90718 CU/NI

Pressure condition : ATMOSPHERIC

Nusselt theory 15 used for Ho

2.6452
1.327

Enhancement (Del-T) 1.237
Vw Vo Ho Qp Tef
(m/s) (W/n*2-K) (W/m*2-K) (W/m-2) (C)
4.28 S.100E+Q03 1.295E+04 6.161E+QS 47.56
3.7 9.C3S5E+03 1.321E+404 6.015E+05 45.52
3.23 8.924E+Q03 1.351E+04 5.889E+0S 4%.59
2.70 6.680E+0% 1.368E+04 &5.654E+05 41.34
2.18 B8.328E+03 1.385E+Q4 S.3T74E+05 38.80
1.66 7.887E+03 1.434E+04 " .Q6BE+05 35.34
1.6  7.133E+403 1.4S0E+Q4 4.S539E+05 30.47
1.14  7T.136E+0Z 1.490E+04 4.S40E+05 30.46
1.66 8.87SE+0Z 1.7S0E+04 S.66QE+0S5 31.82
2.18 B8.434E+Q0T 1.410E+04 S.Z73E+8S 38.08
1.66 T7.871E403 1.421E+Q4 4.987E+05 35.1¢
2.70 B8.TISE+BT 1.IZ74E+Q4 S.S4TE+QS 40.36
3.22 9.049E+0% 1.IT71E+@4 S.7I6E+QS 41.84
2.74 S.203E+@3 1.347E+C4 S.827E+@S 43.25

14

NOTE

NOTE

Least-sgquares line for g = asgelta-T b
.I
Lt =

7.5192E+04
7.5000E-01

14 deta points were stored in file ATO4!

t4 X-Y pairs wers stored in data file
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Ts

()
100.12
99.92
99.94
899.92
89.87
100.17
180.04
100.06
100.02
88.96
180.10
9g8.92
88.82
99.99




NOTE: Program name : DRPALL
Data taken by
This analysis done on fils

coss
ATES!

This analysis includes end-fin effect

Therma!l conductivity -
Inside diamster, Di = 12,
Outside diazeter, Do = 14,

88.3 (W/m.K)

70 (mm)
38 (mm)

This analysis uses the QUARTZ THERMOMETER readinps

Modifred Pestukhov-Popov cosfficient

Using HEATEX insert inside tube

Tube Enhancement :
Tube matarial :
Pressure condition @
Nusselt theory is used for Ho

Ci (based or Petukhov-Popov)

Enhancement (g)

Entancement (Del-T)
Data Vuw Uo Ho
4 (m/’s) (W/m°2=-K) (W/m~2=-K)
1 £.3C 8.577E+4037 1.288E+04
2 Z.78 8.491E+407 1.213E+04
z .25 8.397E+03 1.349€+04
] 2.7 8.115E+23 1.358E+0Q4
s 2.21 7.747E+02 1.270E+04
B 1.68 7.Z66E+D32 1.426E+04
7 1.15 6.B46E+82 1.5C2E+04
8 1.18  6.048E+Q2 1.503E+04
b 1.68 7.321E+083 1.428E+04
10 2.2 T7.822E+02 1.399E+04
1] 2.72 8.125E+02 1.366E+04
12 .26 8.373E+03 1.347€+04
12 .78 B8.568E+402 1.334E+04
14 4.3 8.685E+Q32 1.315€+04

- 2.
Alpha {(based on Nusselt (Tgel)) = 1,
‘ ‘Q
. ‘.

6676
8605
342
248

Op

{W/m"2)
6.178E+0S
6.061E+05
6.816E+0S
5.824E+05
5.582E+40S
£.301E+05
4.7S7E405
4.778E+Q5
S.Z18E+05
5.686E+05
5.810E+05
6.063E+0S
6.194E+05
6.274E+0S

feast-squares line for g = pegelia-T"b

7.4818E+0Q4
7.5000E-01

as=
L =

NOTE: 14 data points were stored in file ATOS!

NOTE:

179

14 X-Y pairs ware storec in data file

= 2.5000

SHALLOW FILLET FINNED TUBE
90/71¢ CU/NI
ATMOSPHERIC

Tef

(C)
47.65
46.17
44.61
42.87
40.73
36.92
Z1.68
2t.78
37.22
40.65
4%.28
45.00
46.42
47.70

Ts

(C)
10€.17
99.87
100.12
89.82
106.13
100.13
99.96
18¢.18
100.01
100.07
102.04
89.96
98.98
88.8¢




NOTE:

Program name : ORPALL

Data taken by ¢ COBB

This analysis done on file : ATOS!

This analysis includes end-fin effect

Thermal conductivity = 14.3 (W/m.K)
Inside diameter, Di s 12.70 (mm)
Outside diameter, Do = 13.88 (mm)

This analysis uses the QUARTZ THERMOMETER readings
Modified Petukhov-Popov coefficient = 2,.5000
Using HEATEX insart inside tube

Tube Enhancement : RECTANGULAR FINNED TUBE
Tube material : STAINLESS-STEEL

Pressure condition : ATMOSPHERIC

Nusselt theory is used for Ho

Ci (based on Petukhov-Popov) = 2.1128
Alpha (based on Nusselt (Tdel)) = 1.0062
Enhancement (q) = 1,282
Entancement (Del-T) = 1,184
Data Vu Uo Ho Qo Tef
$ (m/s) (W/m"2=-K) {W/m 2-K) (W/m~2) (C)
' 4.25 7.1S8E+03 1.419E+04 4.474E+05 z1.24
2 3.72 7.015E+02 1.420E+04 &4.Z11E+Q5 7¢.25
] 7.2¢ E.896E+22 {.446E+Q4 4.186E+05 29.02
4 2.7C 6.719E+403 1.482E+04 4,268E+0S 28.61
-] 2.18 6.328E+C2 1.463E+C4 4.081E+05 27.89
e 1.66 S.923E+€3 1.485E+04 3Z.S@SE+0S 26. 11
7 1.14 §.Z99E+02 1.617E+04 3Z.SESE+0S 22.05
8 1.15  S.390E+83 1.618E+04 J.6C4E+05 22.28
] 1.67 5.922E+832 1.821E+04 4.021E+405 26.44
1¢ 2.18  £.318E+02 1.4B6E+G4 & .320E+0S 29.87
i 2.72 6.664E+03 1.500E+04 4.586E+85 7e.64
12 7.24 6.858E+402 1.474E+04 4 T52E+05 %2.24
12 2.77 £.931E+02 1.848E+04 4.874E+05 32.66
14 4,2 7.087E+02 1.423E+04 4.941E+05 24.72

Least-squares line for g = asdelta-T°b
7.4778E+04
7.5000E-81

a =
b =

NOTE: 14 data points were stored in file ATQS!

NOTE: 14 X-Y pairs were sioreg in dats file
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99.
100.
100.

9s.

a9.
100.

99.
100.

99.

99.

9s.

89.

99.

99.

Ts
(C)
a8
24
P4
1]
87
27
79
e7
99
93
83
13
1)
X




NOTE: Program name : DRPALL
Data taken by : COBB
This analysis done on file : ATOSA
This analysis includes end-fin effect

Thermal conductivity = 14.3 (W/m.K)
Inside diameter, Di = 12.70 (mm)
Outside diameter, Do = 13.88 (mm)

This analysis uses the QUARTZ THERMOMETER resadings
Modified Petukhov-Popov coefficient = 2.5000
Using HEATEX insert inside tube

Tube Enhancament : RECTANBULAR FINNED TUBE

Tube material : STAINLESS-STEEL

Pressure condition : ATMOSPHERIC

Nusseit theory is used for Ho

Ci (based orn Petukhov-Popov) = 2.0961
Alpha (based on Nusselt (Tdel)) = 11,1333

Enhancement (g) = 1.468
Ennaricement (Del-T) = 1.232
Data Vu Vo Ho Qp Tet
$ (m/%) (W/m"2-K) (W/m~2-K) (W/m~2) ()
1 4.29 7.481E+02 1.602E+04 S.248E+05 72.76
.2 .77  T.354E+03 1.621E+404 5,147E+405 Z1.74
] 2.28 7.216E+02 1.662E+04 5.C4SE+0S 30.35
4 2.72 6.9SBE+03 1.67JE+04 4.853E+05 29.01
s 2.20 B.563E+032 1 .ES4E+04 £.572E405 27.65
3 1.67 6.158E+02 1.718E+04 4.287E+05°  24.96
? 1.15 5.566E+082 1.861E+404 3Z.B42E+0S 20.65
8 1.18 5.567E+C3 1.86SE+¢4 3Z.851E+0S 20.65
8 1.87 B6.182E+03 1.729E+¢4 4.Z28E+05 24.88
18 2.2¢ ©6.608E+0Q2 1.687E+04 4.6321E+05 27.46
i 2.72 B.948BE+03 1.673E+04 4.87SE+05 28.17
12 3.25 7.212E+03 1.664E+84 S.08S5E+0S ¢.56
13 2.77  7.Z39E+Q2 1.617E404 5.172E+05 z2.00
14 4.29 7.506E+02 1.610E+4+Q04 ©5.275E+05 32.76

Least-squares line for g = asdelta-T"b
a = 3J.,8768E+02
b= 7.5000E-01

RCTE: 14 dats points were storeg irn file ATESS

NOTE: 14 X-Y pairs were stored in data file

181

Ts

(C:
98.99
99.81
100.0!
99.92
9g8.95
98.96
99.81
98.81
100.15
98.96
9g.89
108.09
100.82
88.95




NOTE:

Program name : DRPALL

Data taker by : COBB
This analysis done orn file : ATIQI
This analysis includes end-fin effect

Thermal conductivity = 231.8 (W/m.K)
Inside diameter, Di = 12.7¢ (mm)
Outside diameter, Do = 13,88 (mm)

This analysis uses the QUARTZ THERMOMETER reacings
Modified Petukhov-Popov coefficient = 2.5000
Using HEATEX insert inside tube

Tube Enhancement RECTANBULAR FINNED TUBE

Tube material ALUMINUM

Pressure congition : ATMOSPHERIC

Nusselt theory 1s used for Ho

€1 t(tased on Petukhov-Popov) = 2.2854

Alpha (based on Nusselt (Tdel)) = 1.7846

Entancement (g) = 2.688

Ernancement (Jel-7) = 2,100

Data Vu Vo Ho Qp Tef
] (m/8 ) (W/m2-K} (W/m"2-K) (W/m*2) (C)

1 4.27 1.870E+G4 2.360E+04 S.514E+05 40.74

2 3.75 1.418E+04 2.35BE+Q04 9.283E+05 38.42
3 3.22 1.359E+04 2.38%E+04 8.885E+05 27.65
4 2.7 1.288E+04 2.420E+04 8.54BE+QS 25.31
5 2.19 1.197E+84  2.456E+C4 7.873E+0S 32.46
6 1.87 1.091E+04 2.572E+04 7.292E+05 28.35
7 1.156 8.5TIE+@2Z 2.922E+04 6.294E+0S 21.88
8 1.15 8.S81E+@3 <2.867E+04 ©6.466E+05 2:.80
9 1.67 1.082E+404 2.5G58E+04 7.3Z93E+0S 28.90
10 2.20 1.182E+04 2.4B2E+04 8.128E+0S 32.05
| R 2.72 1.287E+04 2.476E+04 8.834E+0S 35.68
12 2.24 1.371E4+04 2.889E+08 9.286E+0S 27.92
13 .76 1.840E+04 2.449E+04 9.722E+0S 29.69
14 4,28 1.481E+04 2.435E+04 1.00TE+06E §1.37

Least-sqguares line for g = asdelta-T"b
a= 6.83Z6E+04
t = 7.5000E-C!

NOTE: i4 data points were stored in file ATIG!

NOTE: 14 X-Y pairs were stored in dats file

182

i00.
10€.
120.

89.

99.

99.
10€.
10€.

a8.
100.
100.
10¢.
10Q.
100.

Ts
(C)
2e

4t

12
-
<

a1
85
"

-
&

a8

18
05
19
28




NOTE: Prograr name : DRPALL
Dats taken by
This analysis done on file : ATIOD
This analysis includes enc-fin effect

Thermal conductivity
Inside diameter, Di
Outside diameter, Do

Modified Petukhov-Popov coefficient

: COBB

= 2%1.8 (W/m.K)
.T0 (mm)

= 12

= 12.88 (mm)
This analysis uses the QUARTZ THERMOMETER readings

Using HEATEX insert inside tube
Tube Enhancement
Tube material

Pressure condition : ATMOSPHERIC
Nusselt theory ts used for Ho

Ci (tbased on Petukhov-Popov) =
Alpha (based on Nusselt (Tdel)) =

Enhancement (qQ)
Enharncement {(Del-7)

Cats Y
$ (m/8s)
.27
.75
.22
.10

.66
.14
.66

‘
o

.70
.21
.72
.2

FAHN-@WDONOUI B W

B WP ve ve e PIRMIWN WS

Vo
(W/m*2=-K)
1.408E+C4
1. 382E+04
.JiBE+C4
.248E+04
.1TOE+Q4
.GEBE+Q4
L2ITE+RD
222E+C2
.062E+04
LAT1E+04
.2B2E+04
LJ22E+04
1.378E+04
1.419E+04

- ot o e (DU > s an =

ALUMINUM

N NI Y

Ho
(W/m"2-K)
2.Z06E+Q4
2.715E+C4
2.352E+04
2.375E+04
2.453E+04
2.573E+24
2.823E+04
2.827€4+04
2.557E+4
2.453E+04
2.421E+C4
2.353E+C4
2.225E+04
2.291E+04

2817
.6987
.517
.938

Qp

(W/m~2)
8.320E+05
8.876E+05
8.345E+05
7.T41E+0S
7.245E+05
E.B08E+05
5.682E+05
5.682E+05
6.583E+085
T.250E+05
7.822E+05
8.163E+05
8.471E+Q5
8.688E+05S

Least-sguares line for g = sedelta-T°b

& =
t =

S.7722e+04
7.5000E-08!

NOTE: 14 data points were stored in file ATIO2

NOTE: 14 X-Y pairs were stored in cata file

183

= 2.500¢

: RECTANGULAR FINNED TUBE

Tef

(&)
4¢.45
28.16
35.47
22.59
29.54
25.68
2€.12
2¢.10
25.74
28.55

2.3

24.69
36.43

37.82

19¢.
180,
103.

99,

93,
108,
100.
.06
as.
.97
10¢.
1¢¢.
10¢.

88.

100

88

Ts
(C)
c

29

85
85
18

-
{

86

-
o

o8

-
[

82




NOTE: Program rame :

€1 (based on Petukhov-Popov) = 2,
Alpha (based on Nusselt (Tdel)) =

Data taken by

This analysis done on file :

DRPALL

: cose

AT112

This analysis includes snd-fin effact

Thermal conducttivity
Inside diameter, Di
Qutside diameter, Do

= 231.8 (W/m.K)
= ‘2.

= 13,

T0 (mm)
88 (mm)

This analysis uses the QUARTZ THERMOMETER readings

Modified Petukhov-Popov coefficient

Using HEATEX insart inside tube
Tube Enhancement
Tube material

Pressure condition ¢ ATMOSPHERIC
Nusselt itheory 1s used for Ho

Ennhancement (g)
Errancement (Del-T)

Data

WO -JNDUI h NN ~—~

10
i1
12
12

14

Ho

(W/m 2-K)
1.988E+04
2.018E+04
2.062E+04
2.101E+04
2.1S8E+04
2.252E+404
2.453E404
2.443E+04
2.243E+04
2.161E+04
2.125E+04
2.1028+04
2.067E+04
2.021E+04

‘.
‘ 2.

= 1.

: DEEP FILLET FINNEC TUBE
T ALUMINUM

3221
§622
25
828

14)7]

(W/m~2)
8.979E+405
8.767E+05
8.424E+05
8.019€+05
7.487E+2S
£.820E+05
5.908E+05
5.903E+05
6.791E+05
7.422E+05
7.926E+05
8.245£+405
8.574E+05
8.578E+405

Leasti-syuares line for g = aegelta-T°D

as
L =

NOTE:

NOTE:

Vuw Uo
{(m/8) (W/m*2-K)
4.28 1.286E+04
3.7 1.262E+04
Z.2 1.227E+04
2.72 1.174E+04
.18 1.107€+04
1.67 1.017E+04
1.18  B.897E+02
1.1  8.884E+07
1.67 1.C1EE+Q4
2.18 1.110E+04
2.7 1.187E+04
3.23 1.248E+04
3.75 1.292E+04
4.2€ 1.324E+04
§.2515E+04
7.5000E-01

14 dats points were stored inm file ATII2

14 X-Y pairs were stored in data file

184

= 2.5000

Tet

()
45.€3
47.45
40.8%5
28.17
34.E9
20.27
24.09
24.16
30.27
24.25
27.30
29.69
41.48
42.44

Ts

(L)
98.97
106.01
99.87
10¢.08
100.¢4
100.04
89.99
102.02
160.06
99.97
99.93
108.07
99.99
99.99




NOTE: Program name

Data taker by

This analysis done on file :

: DRPALL

: Co88

ATI3

This analysis includes end-fin effect

Thermal conductivity
Insicde diameter, Di
Outside diameter, Do

= 231.8 (W/m.K)
= Iz'
= 14,

¢ (Am)
38 (mm)

This analysis uses the QUARTZ THERMOMETER rsadings

Modified Petukhov~Popov coefficient
Using HEATEX insert inside tube

Tube Enhancement
Tube material

Pressure condition ¢
Nusselt theory is used for Ho

Ci (based on Petukhov-Popov)

Enhancement (q)
Erharicement (Del-T)

=
Alpha (based or Nusselt (Tdel)) =
=
=

= 2.5000

SHALLOW FILLET FINNED TUBE

ALUMINUM

ATMOSPHERIC

Ho
{W/m"2=-K)
1.853E+04
1.884E+04
1.881E+04
1.933E+04
1.956E+04
1.996E+Q4
2.05ZE+04
2.270E+04
2.275E+04
2.062E+04
2.@20E+Q4
1.929E+04
1.942E+04
1.892E+04
1. BESE+Q4

Qo

(W/m"2)
7.870E+405
7.662E+05
7.654E+05
7.419E+405
7.056E+05
€.622E+405
6.021E+05
S.J02E+05
5.314E+05
6.062E+05
6.690E+05
7.090E+05
7.480E+05
7.681E+0S
7.863E+05S

1S data points were stored in file AT1Z:

Date Vu Uo
$ (m/s ) (W/m"2-K)
{ 4,27 1.205€+04
2 3.75 1.182E+04
z 3.74 1.181E+04
4 3.22 1.148E+04
S 2.7 1.©94E+04
] 2.18 1.028E+04
7 1.66 9.798E+02
8 1.14 8,302E+02
9 1.14 8.203E+02
10 1.66 9.401E+02
1 2.18 1.032E+04
2 2. M 1.090E+04
12 Z.22 1.149E+04
14 3.78 1.180E+04
15 4.26 1.211E+04

Least-squares line for g = asdelta-T*b
a = 4.8156E+04
bt = 7.5000E-01

NCTE :

NOTE:

185

1S X-Y pairs were stored in dats file

Tet

(C)
42.48
40.45
40.47
38.28
36.07
zz.18
29.32
22.28
22.38
29.40
32.12
36.28
38.851
4€.59
42.18

Ts

)
10¢.08
99.91
99.95
100.07
89.92
10¢.Q1
190.01
10C.08
10¢.02
99.87
98.95
100.82
10¢.01
98.85
99.88




NOTE: Program name :

DRPALL

Data taken by : COBB

This analysis done on file : VTG

This analysis includes end-fin affect
Thermal conductivity = 380.8 (U/m.K)
Inside diameter, Di s 12.7¢ (mm)
Outside dismeter, Do = 13.88 (mm)

This analysis uses the QUARTZ THERMOMETER readings

Modified Petukhov-Popov coefficient
Using HEATEX insert inside tube
Tube Enhanceament
Tube matarial COPPER
Pressure condition : VACUUM
Nusseli theory is used for Ho

RECTANGULAR FINNED TUBE

C1 (based on Petukhov-Popov) = 2.9862
Alpha (based on Nusselt (Togel)) = 1.5005
Enhancement (qQ) = 2,275
Enhancemert (Del-T) = 1,857
Data Vuw 1¢1) Ho Qp
$ (m/8) (W/m2-K) (W/m 2-K) (Wm"2)
1 2.2 1.209E+04 2.122E+04 2.843E+0S
2 0.62 7.899E+03 2.96SE+04 1.779E+0S
3 1.16 1.007€+04 2.4BESE+04 2.J17E+0S
4 0.62 7.724E+€3  2.7S4E+04 1.TSIE+®5
] 1.68 1.127E404 Z2.240E+04 2.722E+QS
1] 2.74 1.328E+04 2.222E+404 T,184E+QS
7 3.27 1.367E+04 2.142E+04 T.Z16E+0S
8 7.80 1.455€+04 2.212E+404 I.426E+05
| 4.32 1.466E+04 2.131E+04 3I.485E+0S
10 4.8S 1.502E+04 2.122E+04 3.5S1E+05
(R] 4.32 1.421E+404 2.0SSE+04 3J.315E+0S
12 2.79 1.429E+04 2.171E+04 2.Z25E+05
13 .27 1.386E+04 2.183E+04 2.286E+0S
14 2.74 1.3226+04  2.200E+04 2.093E+05
1§ 2.21 1.288E404  2.232E+04 2.909E+0S
16 1.68 1.134E+04 2.2B0E+04 2.647E+05
17 1.16 9.904E+03 2.362E+04 2.334E+0S
18 1.16 9.77ZE+0% 2.293E+04 2.360E+05
19 1.69 1.172E+04 2.417E+04 2.820E+05
Least-squares line for g = a+delta-T°b
a = 4,2752E+04
bt = 7.S000E-01

NOTE: 19 dats points were stored in file UTOL!

NOTE: 19 X-Y pairs were stored in date file

186

= 2.5000

Tet

(C)
17.40
£.00
8.40
€.36
12.18
14,322
15.48
15.49
16.35
16.74
16.13
15.31
15.05
14,06
17.02
1. M
9.88
19.29
11.66

Ts

(C)
48.54
48.69
48.20
48.47
48.86
48.49
48.73
48.21
48.67
48.78
48.22
48.35
48.81
48.49
48.55
48.48
48.98
48,37
49,10




NOTE:

Program name : ORPALL

Data taken by : COBB
Tris analysis done on file : VT021
Tnis analysis includes end-fin gffect

Thermal conductivity = 360.8 (W/m.K)
Inside diameter, Ot = 12.70 (mm)
Outside diamster, Do = 14,38 (mm)

This analysis uses the QUARTI THERMOMETER readinps
Modifiad Petukhov-Popov coefficient = 2.5000
Using HEATEX insert inside tube

Tube Enhancement : SHALLOW FILLET FINNED TUBE
Tube material : COPPER

Pressure condition : VACUUM

Nusselt theory is used for Ho

€1 (based on Petukhov-Popov) = 2.7942

Alpta (based on Nusselt (Tdel)) = 1,148

Enrancement (g) = 1,594

Entancement (Del-T) = 1.419

Data Vuw Uo Ho Qo Tef
$ {m/s) (W/m*2-K) (W/m*2=-K) (W/m~2) (C)

1 2.62 E.616E+03 2.125E+04 1.586E+05 7.46

2 1.16 8.4Z5E+02 1.901E+Q4 2.062E+05 10.85
z 1.69  9.253E+037 1.710E+Q4 2.302E+05 12.46
4 2.22 S.770E+402 1.612E+04 2.462E+05 18.27
S 2.74 1.043E+04 1.623E404 2.594E+05 15.98
17 3.26 1.109E+04 1.649E+Q04 2.572E+405 18.35
7 4.84 1.191E+02 1.611E+Q04 2.6899E+05 16.7S
8 4,84 1.199E+04 1.624E+04 2.625E+05 16.16
9 4.3 1.181E+04 1.678E+04 2.526E+05 15.42
10 3.77 1.162E+404 1.660E+04 2.371E+05 14,28
" 4.29 1.183E+04 1.624E+04 2.Z34E+05 14.28
12 z.76 1.172E+04 1.673E+04 2.19BE+05S 12.13
13 3.24 1.160E+04 1.721E+04 2.088E+0S 12.06
14 2.72 1.108E+04 1.728E+04 1 .986E+05 11.49
15 2.18 1.070E+04 1.803E+04 1.816E+05 10.07
16 1.67 1.007€+04 1.895E+04 1.B47E+0S 8.70
17 1.14 8.770E+02 1.911E+04 1.408E+05 7.37
18 .62 E.8J1E+02 2.135E+04 1.078E+05 S.05

Least-squares line for g = aedelta-T D
&= 3J,2492E+04
b= 7.5000E-O1

NOTE: 18 data pointis were stored in file VT021

NOTE: 18 X-Y pairs were stored in odata file

187

Ts

((C)
48.91
48 .66
48.78
48.97
48.865
48.35
48.78
48.45
48.71
48.85
48.85
48.87
48.57
48.94
48.56
48.60
48.79
48.92




NOTE: Program name : DRPALL
Data taken by
This analysis done on file : UTO23
This analysis includes end-fin effect

Thermal conductivity
Ingige dismeter, O
Outsids diameter, Do

T COBB

= 3990.8 (W/m.K)

® 12.70 (mm)

= 14.38 (mn)

This analysis uses the QUARTZ THERMOMETER readings

Modifisd Petukhov-Popov coefficient
Using HEATEX insert inside tube
: SHALLOW FILLEY FINNED TUBE

Tube Enhancement
Tube material

Pressure congdition

Nusselt theory is used for Ho

Ci (pbased on Petukhov-Popov) =
Alphs (based on Nusselt (Toel)) =

Enharicement (q)
Entancement (Del-T)

Data Vuw

3 {mse)
1.13
1.65
A7
.68
.20
LT

.23

&
.2
13

WO 33U NN -

W BWNWNrIN

i n

Vo
(W/m*2-K)
1.019E+04
1.129E+04
1.269E+04
1.309E+04
1.J374E+04
1.453E+04
1.434E+04
1.324E+04
1.336E+04

: COPPER
VACUUM
3.0216
1.1247
= 1,549
= 1,288
Ho Op
(W/m2-K) (W/m=2)
2.209E+04 9.572E+04
2.111E404 1.076E+0S
2.209E+404 1.168E+0S
2.089E+04 1.206E+0S
2.094E404 1.263E+0S
2.1S0E+04 1.217E+05
2.021E4Q4 1,182E+05
1.847€484 1.711E+405
1.921E+04 1.612E+05

Least-squares line for g = aegelte-T b
a= 37 2541E+04
b= 7.5000E-0

NOTE: 09 cuta points were stored in file VUTE2Z

NOTE: 98 X-Y paire uwere stored in data file

188

= 2.5000

Tet

(c)
4.15
5.10
.29
.77
£.82
5.66
.90
9.27
8.329

Ts

()
48.82
48 .96
48.64
48.81
48.88
48.54
48.87
48.79
48.71




NOTE: Program name

Data taken by

This analysis tone on file :

: DRPALL

: coes

vTeZ1

This analysis includes end-fir effect

Thermal conductivity
Inside diametar, Di
Outside diameter, Do

Modified Petukhov-Popov coefficient

= 390.8 (W/m.K)
= 12,

70 (mm)

= 13.88 (mm)
Thie analysis uses the QUARTI THERMOMETER readings

Using HEATEX insert inside tube
Tube Enhancement

DEEP FILLEY FINNED TUBE

Tube material ¢+ COPPER
Pressure condition ¢ VACUUNM
Nusselt theory is used for Mo
Ci (based on Petukhov-Popov) = 3.0312
Alpha (based on Nusselt (Tdel)) = 11,2919
Ennarcement (g) s 1.882
Enhancement (Del~T) = 1.59
Dsta Vu Vo Ho Qp
 § {(m/s) (W/m"2-K) (W/m*2-K) (W/m2)
| .63 T7.68SE+QT 2.547E+04 1.647E+0S
2 1.15 S.431E+02 2.040E+0& 2.035E+405
J 1.68 1.076E+04 1.986E+08 2.274E+05S
4 2.19 1.177E+04 1.920E+04 1.881E+0S
s 2. M 1.243E+04 1.908E+04 1.99Q0E+05
-] 4.89 1.501E+04 2.068E+04 2.508E+0S
7 4.27 1.485E+08 2.1Q07€E+0& 2.395E+0S
g 3.75 1.418E+404 2.053E+04 2.222E+40QS
9 7.22 1.411E+04 2.148E+04 2.062E+0S
10 2.70 1.720E+40¢4  2.099E+04 1,.809E+0S
1R 3.22 1.412E+04 2.147E+04 1.988E+0S
12 3.75 1.458E+04 2.138E+84 2.238E+05
13 4.27 1.473E+04 2.089E+08 2.233E+05
14 4.79 1.512E+04 2.081E+04 2.3%06E+05
18 0.62 7.733E+03 2.4Q3E+04 1.336E+0S
16 1.1 9.871E+027 2.278E+04 1.8C2E+0S
17 1.67 1.106E+04 2.057€+04 2.077E+05
18 2.20 1.180E+04 1.97SE+84 2.Z44E+0S
Least-squares line for ¢ = asgelta-T b
as= J.T7202E+04
b = 7.5000E-01

NOTE: 18 data points were stored in file UTE3!

NOTE: 18 X-Y pairs were stiored in data file

189

= 2.5000

Tef
(C)
6.47
8.98
11.45
8.75
10.43
12.13
11.37
10.82
9.59
9.09
9.26
10.46
19.69
11.08
§.56
8.05
10.10
11.87

Ts

(C)
48.55
48.72
48.54
48.67
48.95
48.58
48.51
48.98
48.54
48.70
48.68
48.51
48.5¢
48.57
48. 91
48.28
48.4¢C
48.72




NOTE: Propram name

Data taken by

Thie analysis done on file :

: DRPALL

: COBB

uTest

This analysis includes end-fin effact

Thermal conductivity
Inside diameter, D3
Qutside diameter, Do

Modified Petukhov-Popov coefficient
Using HEATEX insert inside tube
DEEP FILLET FINNED TUBE

Tube Enhancement
Tube material
Pressure condition : VACUUM
Nusselt theory 1s usetd for Ho

Ci (bassd on Petukhov-Popov)
Alpta (based on Nusselt (Tdel)!)

Enhancement (g)
Enhancemenrt (Del-T)

= §5.3 (W/m.K)
= ‘2.

70 (mm)

= 13.88 (mm)
This aralysis uses the QUARTZ THERMOMETER readings

80/10 CU/NI

= 2.482B

= ©.85897

= 1.08%

= {.06¢

Ho Gp

(W/m*2-K) (W/m*2)
1.33%E+04 ' .561E+05
1.387E+84 1.508BE+ES
1.283E+04 1.421E+05
1.416E+084 1.343E+0S
1.824E+04 1.267E+0S
{.356E+C4 {1 .54EE+QS
1.345E+84 1.4Q1E4+05
1.871E+84 1 .C4I1E+DS
1 . 4BBE+C4 1 .15BE+0S
1 .S83E+Q04 1.028E+405
1.502E+Q84 1.134E+0QS
1 . 4B2E+@4 1 .207E+0S
{1.422E+04 1 .255E+QS

1. 428E+04

1.296E+05

Date Vu Uo
3 {m/s) (W/m*2-K)
! 4.28 9.181E+Q2
2 2.7  9.230E+Q2
z 7.23 8.9C1E+Q2
4 2.71 8.690E+02
] 2.18 B8.262E+€2
6 §.2 8.272E+¢3
7 2.7 9.012E+03
8 1.18  T.034E+027
9 1.66 7.751E+03
10 1.14  7.067E+02
1 1.66 T7.862E+03
12 2.18 B8.Z97E+Q32
13 2.7¢ 8.726E+Q2
14 .22 9.114E+02
Lesst-squares line for g = se*gdelta-Tb
a8 = 2.4B813E+04
t = 7.5080E-9!

NOTE: 14 dats points were stored in file VUTO4!

NOTE: 14 X-Y paire were stored in data file

190

= 2.5000

Tef

(C)
11.66
1¢.8¢
1¢.28
8.48
g.90
11.40
16.42
£.62
7.80
6.5¢
7.585
8.26
8.837
8.¢7

48.
48.
.84

48

48.
49.
.87
.61

48
48

48,
48.
48,
48.
48.
48.
48.

Ts
(C)
1-73
67

87
e

-
o

67
46
g%
B4
g7




NOTE: Program name : DRPALL
Data taken by
This analysis done on file
This analysis includes end-firn effect

Thermal conductivity
Inside diameter, Di
Outside diameter, Do

Modified Petukhov-Popov coefficient

LTI YY

= B5.3 (W/m.K)
= ‘2.

coes
vies:

TC (mm)

= 14.38 (mm)
This analysis uses the QUARTZ THERMOMETER resasings

Using HEATEX insert inside tube
Tube Enhancement
Tube matarial
Pressure condition : VACUUM
Nusseit theory 1s used for Ho

€1 (tbased on Petukhov-Popov)
Alpra (based on Nusselt (Tdel))

Enhancement (q)
Enhancement (Del-7)

= 2.5800

SHALLOW FILLET FINNED TUBE
90718 CU/NI

= 2.840"

= ©.8324

= 1.037

= 1.028

Ho Qo

(W/m"2-K) (W/m 2
1.300E+Q4 1.061E+0S
1.385E404 1.010E+05
1.384E+04 1.290E+0S
1.322E+04 1.4SSE+QS
1.317E+04 1.4T74E+0S
1.710E+04 1| .465E+0S
1.327E+Q4 1.3S6E+0S
1.291E+04 1.35QE+05
1.27CE+04 1.473E+0S
1.272E+04 1.SE62E+05
1.277E+04 1 ,.623E+0S
1.283E+04 1.649E+05
1.257E+@4 1.644E+05
1.249E+04 1.661E+05S

Data Vu Uo

] {m/s) (W/m*2-K)
! 4,25 8.8IJE+03
2 2.73  S.03J1E+02
3 3.23 8.737E+03
-4 2.72 8.156E+0)
S 2.20 T.TAQE+DZ
1] 1.68 T.169E+03
7 1.18 B.451E+082
8 1.18 €.737e+02
] 1.68 7.043E+C2
134 2.2¢  7.S60E+LT
1 2.72 T.944E+02
12 2.25 8.297E+0C2
13 3.77 8.372E+02
14 4.2 8.511E+02

Least-squares line for g = aegelia-T°b
a= 2.7683E+04
bt = 7.5C00E-01

NCTE:

191

14 gata points were stored in file VTGS

NOTE: 14 X-Y pairs were siored in dets file

Teft

(C)
8.16
7.29
8.22
13.01
11.18
11.18
1€.18
10.46
11.60
12.26
12.7%
12.76
13.08

13.29

Ts

(C)
48.02
48.632
48.51
£8.74
48.76
48.68
48.96
49.00
48.8%
48.81
48.88
48.85
49.185
49.07




NOTE: Program neme : DRPALL
Data taken by
This analysis done on file :
This analysis includss end-fin affact

Thermal conductivity
Inside diameter, Di
Outside diametar, Do

: €088

VTes!

§5.3 (W/m.K)

= 12.78 (mm)

= 12

.88 (mm)

This analysis uses the QUARTZ THERMOMETER readings

Modifiec Pestukhov-Popov coefficient
Using HEATEX insert inside tube
: RECTANGULAR FINNED TUBE

Tube Enhancament
Tube material
Prassure condition : VACUUM
Nusselt theory 18 used for Ho

: 90/10 CU/NI

= 2.5000

Ci (based on Petukhov-Popov) = 2.3262

Alpha (based orn Nusselt (Tdel!) = 11,8728

Enhancament (g) s 1,458

Enhancement (Del-T) = 1,324

Datas Vu Vo Ho Go Tet
$ (m/8 ) (W/m*2-K) (W/m"2-K) (W/m*2) (&)
1 .62 G5.1Z4E+BZ 1. TO4E+04 1.179E+QS .92
2 1.16 6.952E+03 1.798E+04 1.669E+0QS 9.28
3 1.69  7.9228+82  1.720E+D4 ) .900E+0QS 11.04
8 2.21 8.478E+82 1.6I3E+04 2.Q070E+QS 12.68
] 2.74 9.022E+Q02 1.BI6E+B4 2.1B7E+QS 13.45
13 3.2 9.282E+02 1.571E+04 2.264E+05 14.42
7 3.79 9.635E+403 1.S72E+04 2.293E+0QS 14.59
8 4.32 9.778E+02 }.E34E+04 2.299E+05 14.99
8 4.84 S.915E+03 1.S1Q0E+04 2.308E+@S 15.3¢
12 4.84 8.875E+02 1 .SOQE+04 2.3Q7E+QS 15.38
11 0.6 S.810E+C2 2.4S1E+04 1.112E+0QS 4.46
12 1.15 7.270E+QZ 1.814E+04 1.278E+0S 7.28
12 1.67 8.22B6E+Q2 1.793E+04 1,.562E+0S 8.71
14 1.67 8.098E+83 1.732E+04 1.55SE+0S 8.87

Least~-squares line for g = asdelta-Tt
as J.C792E+04
b= T.S000E-Q!

NCTE: 14 data points were stored in file VTQE!

NOTE: 14 X-Y pairs were storeg in data file
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Ts

{C3
48.75
49.086
48.64
48.96
48.69
48.09
48.60
48.78
48.92
49,11
48.88
48.62
48.52
48.82




NCTE: Program name : DRPALL

Data taken by : COBB

This analysis gone on file : VUTEE3

This analysis inclutes end-fTin effect

Thermal conductivity = §8.3 (U/m.K)
Inside diameter, D1 s 12.78 (mm)
Outside diamater, Oo = 12.88 (mm)

This analysis uses the QUARTZ THERMOMETER rasadings
Modifisd Petukhov-Popov coefficient = 2.5000
Using HEATEX insert inside tube

Tube Enhancement : RECTANGULAR FINNED TUBE
Tube material : 88710 CU/NI

Pressure condition : VACUUM
Nusselt theory is used for Ho

Ci (bassd on Petukhov-Popov) s 2,414
Alphs (based on Nusselt (Tdel)) = 11,8411
Enhancement (q) = 1,387
Enhancement (Del-T) = 1,285
Cata Vu Uo Ho Qp Tef
$ {m/s) {W/m~2-K ) (W/m"2=K) (W/m=2) ()
1 4.32 S.STTE+Q3 1.865E+04 2.270E+05 15.49
2 .78  9.I81E+E2 1.481E404 2.232E+QS 1S.07
2 1.68 7.859E+02 1.628E+04 1.827E+405 11.25
4 1.16 ©.965E+02 1.710E+04 ) .615E+05 9.45
5 Z.27 S.230E+02 1.526E+04 2.189E+05 14.61
e 2.21 8.438E+0Q3 1.570E+Qs 1.879E+0S 12.61
7 2.74 B.820E+Q2 1.554E+04 2,.103E+05 13.582
8 2.74 8.8SI2E+Q2 1.558E+04 2.:02E+0S 12.5¢
9 2.21 8.408E+02 1.559E+04 1.877E+05 12.68
10 3.27 8.228E+R2 1.525E+84 2.184E+05 14.22
11 1.68 7.787E+22 1.588E+04 1.8J1E+05 11.45
12 .78  S.431E+02 1.484E+404 2.227E+40S 14.91
12 1.16  7.004E+03 1.723E+84 1 .B31E+QS 9.41
14 4.32 8.684E+0Q2 1.491E+84 2.283E+0S 18.32
Least-squares line for g = asgelts~-T"b
as 2.8617E+04
t = 7.5000E-0!

HOTE: 14 dats points were storec in file VTOEZ

NOTE: 14 X-Y pairs were stored in dats file
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Ts

(C)
48.78
48.76
48.62
48.85
48.8¢
48.65
48.65
48.64
48.72
48.7¢
48.82
48.56
48.96
48.68




NOTE: Program name :

Ci (basad on Petukhov-Popov’

Data taken by

This analysis done on file :

DRPALL

: C0BB

vTeT!

This analysis includss end-fin affect

Thermal conductivity
Inside diameter, Di
Outside diametar, Oo

= 14,3 (W/w.K)

= 12

= 13

T7¢ (mm)
.88 (mm)

This analysis uses the QUARTZ THERMOMETER readinps

Modified Petukhov-Popov coefficient

Using HEATEX insert insids tube
Tube Enhancement
Tube material

Pressure condition

DEEP FILLET FINNED TUBE

Nusselt theory 1s used for Mo

Enhancement (q)
Enhancement (Del-T)

=
Alpha (based on Nusselt (Tdel)) =
-
=

Data

WO WN -

10
1"
12
13

14

Vu
(m/s)
4.22
1.16
3.78
1.68
z.27
2.2
2.74
2.74
2.21
3.27
1.68
3.79
1.16
4.32

Uo
(W/m"2-K)
6.308E+22
4.898E+02
£.293E+82
5.355E+03
6.154E+03
S.662E+037
S.927E+L2
5.928E+03
S.T16E+03
6.162E+03
S.329E+02
B.256E+032
4.880E+02
£.318E+03

STAINLESS-STEEL
VACUUN
2.1088
e.7827
. 988
. 966
Ho Qp

W/m*2-K) (W/m2
1.167E+04 1 ,.506E+05
1.337€+04 1.133E+05
1.199E+04 |, SOSE+05
1.2648E404 1,262E+0S
1.210E+924 1 ,474E+05S
1.208E+04 1,347E+0QS
1.208E+04 1.422E+0S
1.204E+04 1 .425E+05
1.234E+04 1.370E+05
A.212E404 1, 486E+0S
1.241E+04 1 . 273E+0S
1.186E+02 1.523E+0S
1.328E484 1.155E+05
1.161E+402 1.519E+05

Least-squares line for g = asdelta-T L

al
b=

NCTE
NOTE

2.2412E+04
7.5000E-01

i 14 data points were stored in file VTET!

t 18 X-Y pairs were stored ir data file

194

= 2.5000

Tcf

(C)
13.082
8.48
12.56
1.1
12.18
11.14
11.77
11.82
11.1¢

" n
Py

18.26
12.84

8.69
12.08

Ts

(C)
42.89
48.60
48.73
8.7
48.69
48.69
18.70
48.76
48.74
48.72
48.74
48.86
48.79
48.67




NOTE: Program name : DRPALL
Data takern by
This analysis done on file : VUTe8!
This analysis includes end-fin effect

Thermal conductivity
Inside daameter, Di
Outside diameter, Do

: COBB

s 14.3 (W/m.K)
L70 (mm)

= 12

- “o

Z8 (mm)

This analysis uses the QUARTZ THERMOMETER raadings

Modified Petukhov-Popov coefficient

Using HEATEX insert inside tube
Tube Enhancement
Tutbe material

Pressure condition :

VACUUM

Kusselt theory 1s ussd for Ho

€1 (tased on Petuktiov-Popov.

Ennharncement (g
Enhancement (Del-T)

=

fAlpha (based on Nusselt (Tdel)) =
=

t 3

Data Vu
$ {m/8)
4.322
1.16
z.80
1.69
3.27
2.21
2.74
2.74

DN HENI -SWO AU BN —
I\
3
Iy

- DN W
DWW~ = -JMN

— .- RN IWN S

Yo
(W/m~2-K)
§.642E+02
4.419E+02
S.653E+C2
4.850E+03
5.564E+02
5.191E+482
S.4Z1E+QT
S.424E+22
6.454E+02
5.684E+02
5.649E+02
5.608E+C2
S.237E+03
5.214E+02
§.951E+02
4,495E+02

STEEL

2.1822

0.79S7

877

.982
Ho 4]

(W/m 2-K) (Wm=2)
1.174E+C84 1.387E+05
1.321E+84 1.Q63E+05
1.228E+04 1.394E+0S
1.268E+04 1.180E+QS
1.254E+84 1.368E+0S
1.277€+84 1.275E+05
L279E484 {.340E+05
1.27SE+84 1.3Z8E+05
1.281E+484 | .J48E+05
1.186E+04 1.389E+05
1.226E+84 1.370E+QS
1.274E+84 1.356E+0S
1.303E+04 1.270E+05
1.28SE+04 1.268E+05
1.339E+C4 1.195E+05
1.392E+04 1.08QE+0S

Least-squares line for g = asdelta-T°b

.S
b=

2.2690E+04
7.5000E-21

NOTE: 16 data points were storec in file VT081

NOTE: 16 X-Y pairs were stored in data file

195

= 2.5000

: SHALLOW FILLEY FINNEC TUBE
STAINLESS-

Teft

{C)
11.81
8.04
11.24
g9.30
1.9
8.98
1€.48
16.51
10.45
11.61
11.18
1¢.64
8.75
9.84
8.82
7.76

48.
48.
48.
.72

48

48.
48.
48.
48.
48.
48.7
48.
48.
48.
48,
48.
48,

Ts
(C)
79
74

-5
[

65
76
78
78
82
{

68
69
72
74
66

12




NOTE: Program name : DRPALL
Data taken by : COBB
This analysis done on file : UTES!
This analysis includes end-fin effect

Thermal conductivity = 14,3 (4/m.K)
Inside diameter, Di = 12.70 (»m)
Outside diameter, Do = 13.88 (mm)

This analysis uses the QUARTZ THERMOMETER readings
Modified Petukhov-Popov coefficient = 2.5000
Using HEATEX insert inside tube

Tube Enhancement : RECTANGULAR FINNED TUBE

Tube material : STAINLESS-STEEL

Pressure condition : VACUUM

Nusselt theory 1s used for HoO

Ci (based or Petukhov-Popov) = 1.8382
Alphs (based on Nusselt (Tdel)) = Q.6872
Entancement (q) = .83
Entancemert (Del-T) = .848
Data Vu Uo Ho Qo Tef Ts
E 3 (m/s) (W/m"2=-K) {W/m*2-K) {(W/m~2) (C) (C)
t 4.27 B.17IE+Q3 1.117E+04 9,292E+04 g.41 48.88
2 2.75 6.16ZE+Q3 1.161E+C4 8.927E+04 8.55 48.82
] 2.23 6.161E+QZ 1.224E+04 1.0Q7E+05 g8.22 48.7¢
4 2.7 5.894E+02 1.283E+84 9.625E+04 g.00 48.827
) 2.189 S.6685E+03 1.224E+04 8.919E+04 7.29 48.67
3 1.66 5.322E+23 1.251E+404 8.122E+04 6.49 48.72
7 1.16  4.8Z2E+032 {.308E+Q4 7.116E+04 §.44 48.72
8 1.14 4.349E+02 1.320E+04 7.088E+04 5.37 48.72

Least-squares line for g = aedelta~T"b
as= 1,9983E+04
t = 7.5008E-0!1

NOTE: 08 data points were stored in file VTSI

NOTE: ©8 X~-Y pairs were stored in Osta file
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NOTE: Proprar name : DRPALL
Cata taker. by : COBB
This analysis done on file : VUTES3Z
This analysis includes end-fin effect

Thermal contuctivity s 14,3 (W/m.K)
Inside diameter, Di = 12.7¢ (mm)
Outside diameter, Do = 13.88 (mm)

This analysis uses the CUARTZ THERMOMETER readings
Modifisd Petukhov-Popov coefficient = 2.500¢
Using HEATEX insert inside tube

Tube Enhancement : RECTANGULAR FINNED TUBE

Tube material : STAINLESS-STEEL

Pressure condition @ VACUUM

Nusselt theory is used for Ho

Ci (based on Petukhov-Popov) = 11,8365

Alpha (based on Nusselt (Tdel)) = ©.78227

Enharncement (q) = . 958

Enharicement (Del-T) = . 966

Data . Vuw Uo Ho Qv Tect Ts
$ {m/5) {(W/m~2=-K) (W/m~2=-K) (W/m2 (C) (C)
! 4,32 Z220E+CZ 1.162E+04 | .893E+0% 2.85 48.73
2 1.18 4.7S4E+03 1.252E+04 1.070E+0S 7.82 48.867
z .79 £.261E+03 1.224E404 1.432E+05 11.7¢ 48.87
4 1.68 S.22SE+4027 1.207E+04 1.17QE+0S 8.96 48.71
) 7.26 6.109E+C2 221404 1 .34TE+0S 16.94 48.56
13 2.28 S.BTIE+Q2 1.266E+04 1.230E+0S q.71 48.71
7 2.7 5.985E+02 1.273E484 1.291E+0S 1e.14 48.6¢
8 2.73 S5.952E+02 1.257E+04 1.291E+0S 1¢.26 48.82

Least-sguares line for g = asgelta-T°L
& = 2.2485E+04
b= 7.5000E-01

NOTE: ©8 data points were stored in file VTE92

NCTE: ©8 X-Y pairs were storeg in gate file
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NOTE: Program name : DRPALL
Data taken by : C08B
This analysis done on file : UTESS
This analysis includes end-fin effect

Thermal conductivity = 14.3 (W/m.K)
Inside diameter, Di = 12,70 (mm)
Ouiside Ciameter, Do = 12.88 (mm)

This analysis uses the QUARTI THERMOMETER readings
Modified Petukhov-Popov coefficient = 2.5000
Using HEATEX insert inside tube

Tube Enhancement : RECTANGULAR FINNED TUBE

Tube material : STAINLESS-STEEL

Pressure condition : VACUUM

Nusselt theory 18 used for Ho

Ci (based on Petukhov-Popov) = 11,9278

Alphs (basec on Nusselt (Tdell) = ©.8485

Erharcement (g) = 1,064

gEnhancement (Del-7) = 1,047

Data Vu Uo Ho Qe Tcf Ts
$ {m/s) (W/m~2=-K) (W/m 2R ) {W/m*2) (L) (L)

6196405 13.88 48.88
.158E+0S 8.24 48.82
.B36E+085 12.68 48.91
.J56E+05 9.68 48,62

4.33 6.408E+83  1.237E+04 |

1.16 4.81TE+QGZ  1.454E+04

3.8¢ 6.387E+402 1.290E+94 )

.69 G5.4Q4E+0Z 1.ACIE+G4 !

.27 6.28BE+@3  1.Z30E+04 1.B14E+0S 12.14  48.97
.22  S.B93E+03  1.212E+B4 1,.452E+ES 11.06 48.87
.75 ©.0SQE+@3  1.3I4E+0s 1.SSTE+QS 11.64 48,93
.75 B.1QBE+EI  1.2B2E+04 1.562E+0S 11.47 48.88
.22 G.B7SE+QZ  1.206E+04 1.440E+0S 11.03  48.7¢
.2 6.189€+03  1.282E+04 1.580E+QS 12.22 48.7¢
.68 S.3I7E+48Z 1.25TE+04 1.J41E+0S 9.88 48,63
.80 6.Z50E+@> {.27SE+04 1.640E+QS 12.86 48.01
.16  4.8CSE+QZ  1.448E+@4 1.214E+05 8.28 49.09
.32 6.476E+@3  1.2B4E+04 1.B65E+QS 13.17  48.¢¢

B LM - HWOOJODU NN -

Hn == WMWY -

-t w® =a =t —e

Least-squares Jine for g = aedelta-T°b
a= 2.432%E+04
b = 7.5000E-01

NOTE: 14 data points were stored in file UTOS4

NCTE: 14 X-Y pairs were stored in data file
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NOTE: Program name : DRPALL

Ci (based on Petukhov-Popov)

Data taken by : COBB
This analysis domne on file : VUTIO!
This analysis includes end-fin sffsct

Thermal conductivity = 271.8 (W/m.K)
Inside diameter, Di = 12.7¢ (mm)
Outside diameter, Do = 12,88 (mm)

This analysis uses the QUARTZ THERMOMETER resadings
Modified Petukhov-Popov coefficient = 2.5000
Using HEATEX insert inside tube

Tube Enhancement : RECTANGULAR FINNED TUBE

Tube material : ALUMINUM

Pressure condition : VACUUM

Nusselt theory 1s used for Mo

1.8610Q

=

Alpta (based on Nusselt (Toel)) = 1.3030

Entiancement (g) = 1.89%

gEnhancement (Del-T) = 1,616

Data Vw Vo Ho Qp Tef
$ {m/B ) (W/m 2=-K} (W/m"2-K) (W/m2) (C}

] 4.%2 1.17ZE+04 {1.898E+Q4 2.7T3I8E+QS 14.432

2 z.79 1.201E+404 2.113E+Q4 2.800E+0S 1Z7.25
k] 2.22 1.207E+Q4  2.264E+04 2.010E+0S 82.81
4 2.72 1.105E+@4 2.17'E+04 2.83SE+0S 9.3¢2
S 2.1 1.821E+88  2.2Z1E+Q4 1.814E+05 g.13
3 1.67 S.21QE+03 2.305E+Q4 1.583E+05 6.87
? 1,18 B8.C28E+02 2.540E+Q4 1.234E+0S 5.25
8 1.4 B8.114E+4C7  2.B624E+Q4 1.322€+25 c.e8
9 1.87  S.408E+Q3 2.349E+04 | .S34E+0S 6.52
1¢ 2.18 1.Q48E+G2  2.284E+404 1.709E+0S 7.48
11 2.7 1.116E+04  2.182E+Q04 1,798E+0QS 8.24
12 3.23 1.197E+04 2.204E+Q4 1.832E+0S 8.59
13 3.7 1.272E+04 2.12Q0E+Q4 1.822E+0QS 8.87
14 4.27 1.277E4@4  2.103E+Q4 1.957E+0S 9.3

Least~-squares line for g = aedeita~T°b

& =
L =

NOTE:

NOTE:

I.7884E+04
7.5008E-0

14 datas points were stored in file VT10!Y

14 X-Y pairs were stored in cats file
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NOTE:

Program name : DRPALL

Data taken by cosg

This analysis cdone on file VTie2

This analysis includes end-fin effect

Tharmal conductivity = 231.8 (W/m.K)
Inside diameter, Di = 12.70 (mm)
Outside diametar, Do = 12.88 (mm)

This analysis uses the QUARTZ THERMOMETER rasadings
Modified Petukhov-Popov coefficient = 2,500¢C
Using HEATEX insert inside tube

Tube Entancemant RECTANGULAR FINNED TUBE
Tube material ALUMINUM

Pressure condition : VACUUM

Nusselt theory 15 used for Ho

Ci (based on Petukhov-Popov) = 2.0284

Alphe (based om Nusselt (Tdel)) = 11,2890

Enhancement (g) = 1.877

Enhancement (Del-T} = 1.604

Dats Vu Uo Ho Qo Tef
3 (m/8) (W/m~2-K) (W/m"2-K ) (W/w 2} (C)
1 4.29 1.256E+04 2.024E+Q4 2.273E+05 11.18
2 z.76 1.238E+04 2.111E+84 2.147E+0S 1¢.17
Z 3.23 1.183E+84 2.118E+04 2.02SE+QS 8.57
4 2.7 1.124E+04 2.'58E+D4 1.888E+0Q5 8.75
S 4.27 1.288E+04 2.Q09BE+D4 2.0Q7E+CS .58
1] 1.14 8.CT4E+02 2.788E+04 1.244E+05 5.21
7 3.78 1.242E+04 2.112E+84 2.04ZE+05 9.87
8 1.18  8,218E+07 2.572E+84 1.371E+€5 £.22
] z.28 1.168E+04 2.08BE+B4 2.134E+0Q5 1€.22
10 1.67 9.483E+83 2.342E+04 1.T18E+0S 7.22
t 2.19 1.043E+04 2.220E+484 1 .902E+0Q5 8.87
12 2.72 1.108E+04 2.122E404 2.074E+Q5 8.72
12 1.67 8.426E+07 2.Z7'B6E+04 1.790E+0S 7.73
14 2.20 1.023E+04 2.14BE+04 1.968BE+0S 9.17

Least-squares line for g = asgdelta-T°b
& = 3, 7SE2E+04
b= 7.50C0E-0!

NOTE: 14 dats points were stored in file VUT1@Z

NOTE: 14 X-Y pairs were stored in data file
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NOTE: Program name : DRPALL
Data taksn by : COBB
This analysis done on file : UTII
This analysis includes end-fin effect
Thermal conductivity = 271.8 (W/m.K)
Inside diameter, Di = 12.7¢ (mm)
Outside diameter, Do = 17.88 (mm)
This analysis uses the QUARTZ THERMOMETER resadings
Modified Petukhov-Popov coefficient = 2.5000
Using HEATEX insert inside tube

Tube Enhancement
Tube material
Pressure condition : VACUUM
Nusselt theory is used for Ho

DEEP FILLET FINNED TUBE
¢ ALUMINUM

Ci (based on Petukhov-Popov) = . 3040 .
Alphs (based on Nusselt (Tdel)) = .1783
Entancement (g) = 1.642
Enhancement (Del-7) = 1,451

Data Vuw Uo Ho Op Tef
$ (m/s) (W/m*2-K) (W/m*2-K) (W/m~2) (C)
1 4.31 1.091E+04 1 .57JE+04 2.471E405 1.7
2 1.185 7.862E+032 1.977E404 1 .T735E+05 8.78
3 3.79 1.127E+04 1.7233E4+04 2.56QE+05 14.78
4 1.68 8.818E+0% 1.830E+04 1.883E+0S 10.84
5 3.26 1.088E+04 1.747E4+04 2.4B64E+0S 16.1¢
1] 2.21 9.734E+02 1.783€+04 2.179E+05 12.22
7 2.7% 1.051E+04 1.800E+84 2.347E+05 12.04
8 2.7 1.Q4BE+Q4 1. 787E+04 2.34BE+0S 1217
9 2.21 9.788E+QT 1.800E+04 2.!83E+0S 12.13
12 2.28 1.878E+04 1.720E+04 2.,425E+05 14.09
11 1.68 8.980E+03 1.852E+04 1.985E+0S 1€.72
12 Z.79 1.115E+04 1.703E+04 2.SQ2E+0S 14.869
12 1.15 7.881E+02 1.981E+84 1,.732E+0S 8.75
14 4.21 1.143E+04 1.681E+B84 2.5S50E+0S 15.17

Least-sguares line for g = aedelta-T*t
a8 = 7.3489E+04
b = 7.S5000E-C!

TN

NOTE: 14 data points were stored in file

NOTE: 14 X-Y pairs were storeg in data file
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48.77
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HNOTE: Program name : DRPALL
Data taksn by : COB8
This analysis done on file : VUTI31
This analysis includes end-fin effect
Thermal conductivity = 231.8 (W/m.X)
Inside diameter, Di = 12.70 (mm)
Outsidge diamster, Do = 14.38 (mm)
This analysis uses the QUARTZ THERMOMETER resadings
Modifisd Petukhov-Popov coefficient = 2.5008
Using HEATEX ingsert inside tube
Tube Enhancemant : SHALLOW FILLET FINNED TUBE
Tube material ¢ ALUMINUM
Pressure condition : VACUUM

Nusselt thsory 1s used for Ho

Ci tbased on Petukhov-Popov) = 2.2406

Alpha {(based on Nusselt (Tdel)) = 1,0525

Enharicement (g) = 1.418

Ennancement (Del-T) = 1,298

Dats Uw Vo Ho Qp Teft
4 {m/s) (W/m"2-K) (W/wm 2-K) (W/m*2) (C)
1 4.3 1.029E+404 1.5C2E+04 2.192E+405 14.59
2 1.18 7.262E+83 1.788E+Q4 1.518E+8S 8.48
k] .78 1.011E+04 1.534E+04 2.195E+05 14.30
4 1.68  B.122E+Q2 1.630E+04 1.7Z8E+0S 1¢.66
5 3.26 9.768E+03 1.54TE+04 2.138E+0S 13.82
13 2.2 8.820E+02 1.588€+04 1.910E+05 12.02
7 2.7  9.J06E+02 1.852E+04 2.045E+05 12.17
8 2.7 S.313E+02 1.554E+4+04 2.041E+405 12.12
8 2.2 8.811E+02 1.S87E+Q4 1.928E+05 12.18
10 2.26 9.756E+02 1.546E+04 2.140E+0S 12.85
1" 1.68 B8.14TE+Q2 1.644E+04 1.78TE+0S 1¢.87
12 2.78 1.002E+04 1.S16E+04 2.213E+05 14.59
12 1.15  7.180E+93 1.752E+04 1.S64E+40S 8.92
14 4.321 1.823E+04 1.493E+04 2.2432E+05 15.02

Least-sguares line for o = asdelta-T°d
as= 7.9739E+04
b= 7 2500E-01

NOTE: 14 vata points were stored in file VUT121

NOTE: 14 X-Y pairs were stored in data file
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APPENDIX E. UNCERTAINTY AMALYSIS

When measuring physical quantity, the actual value is
unknown. There will always be a difference between the
measured value of the guantity and the actual value. The
magnitude of the difference depends on the accuracy of the
measuring device and the level of experience of the operator
of the device. Normally the error of measurement of a single
calculation is rather small, however the error may grow in
magnitude when combined with other measured quantities in a
given calculation. The estimation of the difference between
the actual and the calculated or measured value is known as
the uncertainty of the obtained value.

The actual uncertainty is similar to the actual value, if
you know one you can determine the other. Kline and McClintok
(Ref. 38] developed a method to estimate the uncertainty in
the obtained value. The method states for a quantity in some
obtained value R, which is a function of several measured
quantities (R = R(X,,X,,%,...,%,)), the uncertainty in R is
given by the following relationship:

2 1/2
el 2 (2w {22 (e.1)
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-

where:
W, = the uncertainty of the desired dependent variable
XysXp, .. +X, = the measured independent variables
W,,W,,...W, = the uncertainties in the measured variables.
A complete description of the uncertainty analysis is
given by Georgiadis [Ref. 39]. The uncertainty progranm,

UNCERTCOBB, was a revision of Mitrou’s [Ref. 14] uncertainty
analysis program. The program is listed in this Appendix
along with random data point analysis.
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1000!
1005
110!
1018
102¢
1025
1026
1835
10490
104S
105¢
1051
1055
1060
1065
1€70
1075
1082
108S
1090
1888
1100
1108
1110
1115
1125
1130
1131
1135
1140
1145
1150
1155
116¢
1165
117¢
118¢
1205
1210
1211
1212
1213
1214
1215
1216
1217

124

FILE NAME : UNCERTCOBB
REVISED :  SEPTEMBER 1992

cor sCecs C(S)

DIM E(20)

DATA 272.15,2.5923E~-2,-7.3833E-7,2.8625€E-11

DATA 1.8717E-15,-2.2486E-19

READ Cte)

PRINT

PRINTER IS 701

PRINT USING “18X,"“DATA FOR THE UNCERTAINTY ANALYSIS:"*"*
PRINT

BEEP

INPUT "ENTER FILE NAME" File$

PRINT USING “1S8X,""File Name: *" ,12A“1Files
BEEP

INPUT “ENTER DATA SET NUMBER FOR UNCERTAINTY ANALYSIS® ,Ids
BEEP

INPUT "ENTER PRESSURE CONDITION (O=V , iwA) " Prc
PresPro+!

BEEP

INPUT “ENTER Ci1°-,C1

ASSIGN OFile TO Files

ENTER €F1leslfg.Inn

ENTER OF11e:10d,D0,De,0d

FOR I=1 TO 1ds

ENTER €F1leiBvol ,Bamp ,Etp ,Fm Tei ,Teo ,Pvap! Pvaps E()
PRINT 8vol ,Bamp Etp ,Fm,TY T2 ,Pvap! ,Pvap2 E(e)

NEXT I

Emf=E(Q)

IF Pre=1 THEN

BEEP

PRINT USING “1SX,""Pressure Condition: Vacuum (iP3)"°""
ELSE

PRINT USING "15X,"“Pressure Cordition: Atmospheric (kPa) """
END IF

Ihi=p

BEEP

PRINTER IS 1

PRINT - SELECT INSIDE CORRELATION:*

PRINT - ©= SIEDER-TATE (DEFAULT)"

PRINT * = PETKHOV-POPOU"

INPUT Iht

BEEP

IF Ini=g¢ THEN

BEEP

INPUT * SELECT REYNOLDS EXPONENT" ,Rexp
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1218
122¢

nan
bl

1223
1228
123¢
1235
1240
1245
1250
1288
1269
1265
1266
1267
1268
127
127

L. L L)
&l &

1272
127
127
1276
1277
1278
1278
1280
1281
1282
1285
128
1285
1300
1305
210
1318
132¢
1325
1328
1328
124¢
1345
135¢
1355
1360
1265
1370

END IF
BEEP
PRINT USING “4X,""Select Material Code:""*
PRINT USING °6X,""® Copper ! Stainless Steel"""
PRINT USINEG °6X,°"2 Aluminum 3 90:10 Cu-Ni"""
PRINT USING "6X,""4 Titamum"°""
INPUT Ittt
IF Itt=€ THEN
BEEP
INPUT °SELECT (O=THIN, 1=THICK)® K lwt
END IF
PRINTER IS 70%
IF Iii=0 THEN
INPUT “SELECT DIAMETER (Q=SM, i=MED, 2=L6)".Ds
BEEP
INPUT "SELECT FLUID (O=STEAM, 1=R-113% 2=EG}",Ifluid
Di=.0127
IF Dss® THEN
Di=. 0127
Do=.01388
END 1IF
IF Ds=1 THEN
Do=.01438
END IF
If Ds=2 THENR
Oo=.0:37
END IF
Ke=390.8
Dhc=i1.7
I1F lut=0 THEN
Do=.01288
ELSE
Do=.81438 ! Qutside diameter of test tube
END IF
END 1F
IF Itt=} THEN
Ke=14.7
Dkc=.72
Di=.0127
Do=.01328
ENC IF
IF I111=2 THEN
Kee=231.8
Dkc=8.2
Do=.21388
Ci=.0127
END IF
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1378 IF Itia2 THEN

138¢ Kce5S5.3

1385 ODkc=1.27

139¢ Di=.0127

1398 Do=.01388

148¢ END IF

1405 1IF Itts=4 THEN

1818 Kc=18.8

1415 Dkc=.98

182¢ Di=.01386

1425 Do=.81585

1430 END IF

1435 Di1=.01588

144C 0D2=.01585

1445 IF Iti=4 THEN Di=,0158S
1846 IF Iti=1 THEN Di=,015885
145¢ PRINTER 1§ 7¢!

1468 Te=FNTvsv{EmT)

1456 Te=Ts-2737.15

1862 PRINT USING “i158X,"°Vapor Temperature = ** 40.000.,"" (Oeyg
C)-CI‘TS
1865 PRINT USING "18X,""Water Flow Rate (%) = """ ¥D.20"1Fm

147¢ Dici=.0C5

1475 Dtco=.005

148¢ BEEP

1488 Demfs! . QE-B

1490 D1s=5QR{{{C{1)+26C(2)eEMT+ZeC(T IoEMT~2440L( 4 )oEmT 3 )eDanf )"2)

1495 Ts(Tci+Tco’72 { FILM TEMPERATURE

1500! UNCERTAINTY IN THE COOLING WATER

1885 Drho=.5 ! ERROR IN WATER DENSITY

1510 Omf=.0044 ¢ ERROR IN MASS FLOW RATE

1615 RhosFNRRO(T ) | WATER DENSITY

162¢ Mf=(6.7409¢Fm+12.027)/71000.1 MASS FLOW RATE OF COOLINE WATER

1625t CORRECT MF FOR THE TEMPERATURE EFFECT

163¢ Mr=Mfe() Q265-1.96644E-TeTCs45,252E-B¢TCc1°2)/71.0037

1835 A1=(PIeD1°2374 | TUBE INSIDE CROSS SECTION AREA

1548 Ddi=.000825

1545 Dai=PIsDieDd1/2 t ERROR OF INSIDE TUBE CROSS AREA

1850t COMPUTE THE WATER VELOCITY )

1855 UVwsM?/{Rho*AL} ¢ WATER VELOCITY

186C PRINT USING °15X,""Water Velocity - *-,2.080,"" (m/
$)"" "1V

1865! CORRECT OUTLET WATER TEMP. FOR THE MIXING CHAMBER EFFECY

1866 IF Itt=@ THEN

1S68 IF Inn=2 THEN TcosTco-(-3.99E-4+42 ., 75E-3eVu+1 . 4SE-23eVi" 248, 1BE-S5+Vu"2)
187¢ IF Inr=i THEN Tco=Tco-(-6.44E-8+1 . T1E-JeVu+4 . 45E-4eUu" 244 ,8TE-52Uu"3)
1872 1IF Inrsg AND Vw>.5 THEN Tco=Tco-(=~2.73E-4+1, 75E-4eUu+8,36E-4#Vw"2~1,96E-Ss
V3
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{876 END IF

1877 IF Itt=4 THEN (TITANIUM TUBE

1678 IF Inn=@ AND Vw>.5 THEN Tco=Tco-(-4.62E~5-7.53E~4eUy+! . BOE-2eUy"2-8.84E-5¢
vuh’\

1878 IF Innsl THEN TcoxTco-(2.08E~448.T4E-4sUu+2.12E-3eUu*2-3 . 31E-SeUu"2!

1881 END If

1884 IF It4=1 THEN t LPC KORODENSE TITANIUM TUBE

1685 IF Inns@ AND Vw>.S THEN Tco=Teo-(-3.38E~4+1.8BE-2sVu+E . Q1E-LeUy"244. 1 BE-Cs
Vu'3)

1686 IF Inn=3 THEN TcosTco-{(2.09E-4+49.20E-4oVuw+).89E-3eVuw"2-2.2TE-BsVi"2 !

1588 END IF

1889 IF Inn=J THEN

159¢ TeorTeo-(2.524E-5-1.696E~ToVu+T.11E-36Viu"2-3,.32E-3 V" 348 .555E-42Vu"4-T7.
JZTE-SeVu"S )

1881 END IF

1683 T=(Tci+Tco)e. 5 {FILM TEMPERATURE

1694t PRINT Tci

18951 PRINT Teco

1886¢ PRINT Imm

1887! COMPUTE THE ERROR IN WATER VELOCI

1698 Dvu*UuG:OR\(Dmf/Hf‘“‘+<0rho/Rho)“2+\Dailﬂi)‘2)

1588t UNCERTAINTY IN T2 EYNOLDS NUMBER

1600 MusFNMW(T) t WATER VISCOSITY

1605 Omu=6.E-6 ! ER\OR OF WATER VISCOSITY

16/ Re={RhosVLeDi )/

1618 Dre*RQOSuR\(Drho/th“2+\Dvu/Vu‘“2+\Dd1/01‘“”+(Dnu/ﬂu7‘2)

1628 UNCERTAINTY IN THE HEAT TRANSFERRED

1625 Cpuw=sFRCpuw(T

163¢ Q=Mfe{Tco-Tei *Cpu

1625 Ccpu=8

1642 Dg=QeSOQR((Omf/Mf )2+ {Dtco/(Teco-Tci ) ) "2+¢(0tc1/{Tco-Te1}1i"24{Dcpw/Cpw:"2
’

1645¢ UNCERTAINTY IN THE HEAT FLUX

165¢ D1=.8305 ¢ ERROR IN TUBE LENGTH

1655 0Ddo=.820025

1660 L=,13335 ¢ CONDENRSING TUBE LENGT

1665 Qp=Q/(PIelosl’ | HEAT FLUX

1678 PRINT USING "15X,""Heat Flux = "* 2.3DE,"" {W/mt2)t
--‘ap

1678 PRINT USING "15X,""Tube-metal thermal condut. = "" 30.0.,"" (W/m
.K\II.‘KC

168C PRINT USING *15X,""Petkhov-Popov constants " ,2.40"1Cy
1685 Dgp=Qqp*S0R((Dg/C’"2+{Ddu/Doi~2+(BlrsL )2}

168¢ Lmto=(Tco-Tci }/LO06{{Te-Tc1)/(Te-Teco )

1695 Uo=Qp/imid ¢ OVERALL HEAT TRANSFER COEF.

1700 Alsﬂtst(Tci-Tco)/<(Ts-Tc1)O(Ts-Tca)-L06<<Ts-Tc1)/\Ts-.co 3
1788 A2=Dtci/((Te~-Tes }elLO6¢{Te-TCc1 )/ (Te-Tco !

1710 ABtDtca/((Ts-Tco)cLOG((Ts-Tcz)/(Ts-Tca)))
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P
~3 -
o0

1728
1730
1738
1748
1745
1750
1788
176¢
1765
1766
1768
1778
1776
1777
778
1779
1780
1781
1782
1783
1784
1788
1787
179¢
1785
180¢
1825
1818
1815
1828
1825
1870
18328
1848
1845
1850
1858
186¢
1865
1866
1867
1879
1875
1880
1885
As)

DimigsimtideSARIAL “24A2"24A32)
Duo=yo+SQR((DQp/Qp )" 2+(Cimtd/Lmtd)*2)
t=tly

Ti=(T4273.15)/273.18

KuwsFNKw(T1)

Acs=Q. I INTERSCEPT FROM SIEDER PROGRAM
L1=-.860325 ¢ LENGTH OF UNFINNED LEFT PART OF TUBE
L2=.034825 | LENETH OF UNFINNED RIGHT PART OF TUBE
PreCpuweMu/Ku

Muws=FNMuw(T)

UNCERTAINTY OF INSIDE HEAT-TRANSFER COEFF.
Cr=1.¢

IF Iri=0 THEN
Hi={Kw/Di)e{C1eRe“RexpePr~.33TsLf+AC)

ENC IF

IF Ini=1 THEN
Epsi=(1.82+L6T(Re)-1.64}"¢(-2)
Pphi=t 0+1 . 340Epst

Ppk2=11.7+:.8ePr*(~-1/3)
Ppi={Epsi/8)eResPr
Pp2=(Ppki+Ppk2e(Epsi/8)*.5e(Pr (2/3)=~1)
Hi={Kw/Ci)e{Ppi/Pp2)

END IF

Dti=Q/(PIeDie{L+ 10Fp i+ 20Fe2)oHL)
Cle={Muw/FNMuwt( T+Dt1))"*. 14

IF ABS((Cfe-Cr)sCre)> .81 THEN
Cr=(Ct+Cfc)e .S

607TC 1775

END IF

Pi=Pls(Di4D} )

Bi=(D1-01)ePle(D3+D1)s.6
Miz{(KiePi/(KceB1))*.5

P2=P1s(D14D2)

B2=(D2-Di)eP1e(D1402)e.5
M2=(H1eP2/(KCeB2))".5

Fel=sFNTanh{Mielt J/7(Misl1)
Fe2=FRTanh(M2eL2)/(M2eL2)
Dic=Q/(PIelie(l+LtoFeli+L2eF 62 )oHi1)

IF ABS{{Dic-Dt1)/Dtc)>.01 THEN 1775
Diuw=.0C18 | ERROR IN WATER THERMAL CONDUCTIVITY
IF Ifluidk2 THEN Dci=.082 | ERROR IN SIEDER-TATE COEFFICIENT
IF Ifjuid=¢ AND Ds=8 THEN Dci=.082

IF Ifluiog=2 THEN Dci=.005

Dpr=.85 { ERROR IN PRANDTL NUMBER
Dcf=8 . E-E

As=, 14D t/CT

Dhi=Hi#SQR( (Dkw/Kw)"24(Dd1 /D1 )°24( .8eDre/Re }*2+4¢ . I33+0pr /Pr }~24{Dc1/Ci
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1890! UNCERTAINTY OF OUTSIDE HEAT-TRANSFER COEFF.

1895 Rw=Do*L06(00/D1)/(2eKc) | WALL RESISTANCE

199¢ Hos1/({1/Uo)={DosL/(Dies(L+L1oFpi+L20F82 )oH1 ) )=-RW!

1905 Druws=RweSOR((Ddo/Do " 24(Dkc/Ke )*2+4(Ddo/ (Dol 06(Do/D1 ) })"24( 001 7(01¢L06¢(D0/C
1333°2)

1810 AS={/Uo-Ru-(Doel/{Die(L+L1oFet+L2eFa2 )oH1))

1915 AE=Duo/(Uo"2eA5)

182¢ AT=Dru/AS

1925 A8=((Do/(DieHi ))e{Dhi/H1))/AS

1930 PRINT

1935 Dho=HO*SQR(AE~2+AT"2+A8"°2)

1940 CALCULATE THE % UNCERTAINTY IN Ho

1945 Prho=Dhoe100/Ho

185@¢1 CALCULATE THE X UNCERTAINTY IN REYNOLDS NUMBER

1985 PrresDres«100/Re

1960! CALCULATE THE % UNCERTAINTY IN MASS FLOW RATE

196S Praf=Dmfe10C/Mf

197Q! CALCULATE THE ¥ UNCERTAINTY IN HEAT TRANSFER

187 Prop=Dgp+10C/Qp

19801 CALCULATE THE % UNCERTAINTY IN LMTD

1985 Primid=Dimidei1080/Lmtd

1990! CALCULATE THE % UNCERTAINTY IN Rw

1995 PrrusDruei{dg/Ru

2002! CALCULATE THE % UNCERTAINTY IN OVERALL HEAT TRANSFER COEF.
2005 Pruo=Ducs188/Uo

20:¢t CALCULATE THE % UNCERTAINTY IN INSIDE HEAT TRANSFER COEFF.
2015 Prhi=Dhie108/H:

282¢ PRINT

2825 PRINT USING "1S8X,""UNCERTAINTY ANALYSIS:""°®

203¢ PRINT

2835 PRINT USING "15X,"" VARIABLE PERCENT UNCERTAINTY""®
2048 PRINT

284S PRINT USING "16X,""Mass Flow Rate, Md **,1.2D0,"Prmf
206¢ PRINT USING “15X,""Reynolds Number, Re *".0.20,"1Prre
2055 PRINT USING “15X,""Heat Flux, @ "=, 00.20,"Prap
20860 PRINT USING "1SX,""Log-Mean-Tem Diff, LMTD **,0D.20" \Primtc
2865 PRINT USING "16X,""Wall Resistance, Ru **,00.20,%1Prru
287¢ PRINT USING *16X,""Overall H.T.C., Uo **,00.20,"1Pruc
2875 PRINT USING "15X,""Water-Side H.T.C., Hi **.30.20,"1Prht
203¢ PRINT USING "15X,""vapor-Side H.7.C., Ho ** 30.20,"1Prho
2885 END

288C OEF FHMuw(T

2095 A=247.8/(T+133.15)
2188 Muwu=2.4E-S+1C8"A
2105 RETURN Muuw

2110 FNEND

2115 DEF FNTanh(X:
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2120 P=EXPIX)

2125 Q=EXP(-X)

2130 Tanh=(P-Q)/7(P+Q)

2135 RETURN Tanh

2188 FNEND

2145 DEF FNKw(T1)

2150 Ku=~-.92247+T10(2.8395-T1e(1.8007-T1e( 52577-.87344271)))
2155 RETURN Ku

2160 FNEND

2165 DEF FNMWT)

2178 A=247.8/(T+133.15)

2175 tMu=2.4E-S«10°A

2188 RETURN Mw

2185 FNEND

219¢ DEF FNRKo(T)

2795 Rho=999.52946+47e{ . 01268-Te({5 4B2513E-2-Te! 234147E-5))
2200 RETURN Rho

2205 FNEND

2210 DEF FNCpwi(T)

2218 Cpu=(4.21120858-Ts(2.2682BE-3-Te( 4, .42361E~542.71428E-T+7))+1000
2220 RETURN Cpw

2225 FNEND

2238 DOEF FNTvEV(EMT)

2235 COM sCec/ C(5)

2248 T=((Q)

2245 FOR I=1 70 S

226C T=T4C{1)eEmf~]

2285 NEXT I

226¢ RETURN T

2265 FNEND
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: ATO12
Pressure Condition: Atmospheric (kPs)
Vapor Tsmperature = 99,862 (Deg C)
Water Flow Rate (%) = 80.00
Water Velocity = 4.26 (mn/8)
Heat Flux = 1.225€+06 (W/m°2)
Tube-metal thermal conduc. = 390.8 (W/m.K)
Petkhov-Popov constant= Z.1616
UNCERTAINTY ANALYSIS:
VARIABLE PERCENT UNCERTAINTY
Mass Flow Rate, MO 0.82
Reynoids Number, Re 1.28
Heat Flux, .97
Lop-Mear-Tem Diff, LMTD .22
wall Resistance, Ru 4.2.4
Overall #.7.C., Uo .99
Water-Side H.T.C., Hi 1.93
vaspor-Sige H.T7.C., HO 64 .50
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: ATO1Z
Prassure Condition: Atmospheric (kPa)
Vapor Temperature = 100.068 (Deg C)
Water Flou Rate (%) = 70.00
Water Velocity = 3.74 (m/s)
Heat Flux = 1.160E+08 (W/m°2)
Tube-metal therma)l conduc. = 3290.8 (W/m.K)
Petkhov-Popov constant= 3.1616
UNCERTAINTY ANALYSIS:
VARIABLE PERCENT UNCERTAINTY
Mass Flow Rate, Md ©.94
Reynolds Numper , Re 1.37
Heat Flux, 0 1.06
topg-Mean-Tem Daff, LNTD L2
Wall Resistance, Ruw 4,24
Overall H.T.C., Uo 1.08
Water-Side H.T.C., Hi 1.19
vapor-Side H.T.C., Ho 2.1
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Namg: ATO1

Pressure Condition: Atmospheric (kPa)

Vapor Temperature = 99,969 (Deg C)
Water Flow Rate (X) = §5¢g.00

water Velocity = 2.70 (m/s)
Hest Flux - 1.082E+06 (W/m"2)
Tutbe-metal thermal conduc. = 39¢.8 (W/m.K)

Petkhov-Popov tonstants= 3.1816

UNCERTAINTY ANALYSIS:

VARIABLE PERCENT UNCERTAINTY
Mass Flouw Rate, Md 1.29
Reynolds Number , Re 1.2
Heat Flux, q 1.78
top-Mean-Tem Diff, LMTD 18
Wall Resistance, Rw 4.24
Overall #.7.C., Uo 1.39
Water-Side H.T.C., Hi 1.37
Vapor-Side H.T.C., HO 8.11
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: ATO13
Pressure Condition: Atmospharic (kPa)
Vapor Temperature = 100.014 (Deg C)
Water Flow Rate (X) = 20.00
Water Vslocity = 1.15 (m/8)
Heat Flux = 7.864E+05 (W/m°2)
Tube-metal thermal conduc. = 39¢.8 (W/m.K)
Petkhov-Popov constant= 3.1616
UNCERTAINTY ANALYSIS:
VARIABLE PERCENT UNCERTAINTY
Mass Flow Rate, Md .05
Reynolds Number, Re .20
Heat Flux, 0 2.08
Log-Mean-Tem Diff, LMTD .09
Wall Resistance, Ru 4,24
Overall H.7.C., Vo 3.09
Water-Side H.T.C., M1 2.60
vapor-Side H.7.C., Ho 7.7
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: ATOE!

Pressure Condition: Atmospheric (kPa)

Vapor Temperature = 89,994 (Deg C)
Water Flow Rate (X) = $80.00

Vater Velocity = 4.27 (m/s)
Heat Flux = T.2T7E+05 (W/m*2)
Tube-metal thermal conduc. = §5.3 (W/m.K)

Petkhov-Popov constanti= 2.7938

UNCERTAINTY ANALYSIS:

VARIABLE PERCENT UNCERTAINTY
Mass Flow Rate, Md 0.82
Reynolds Number, Re 1.25
Heat Flux, o 1.01
Log-Mean-Tem Diff, LMTD .38
Wsll Resistance, Ruw r.78
Overall H.T.C., Uo 1.08
Water-Side H.7.C., H1 1.098
Vapor-Side H.T.C., HO 4.98
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: ATOE!
Pressurs Condition: Atmospheric (kPa)
Vapor Temperature = 89.727 (Deg C)
Water Flow Rate (%) = 2¢.00
Water Velocity = 1.18 (m/8)
Heat Flux = § 480E+QS (W/m"2)
Tube-metal thermal conduc. = 85,2 (W/m.K)
Petkhov-Popov constant= 2.7938
UNCERTAINTY ANALYSIS:
VARIABLE PERCENT UNCERTAINTY
Mass Flow Rate, Mo .02
Reynolds Number , Re J.15
Heat Flux, g 2.06
Log-Mean-Tam Diff, LMTD 14
Wall Resistence, Rw r.78
Overal! H.T.C., Uo . .87
Water~Side H.7.C., Hi 2.55
Vapor-Side H.T.C., HO 12.27
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: ATRE2

Pressurs Condition: Atmospheric (kPa)

Vapor Temperature = 99,870 (Depg C)
Water Flow Rate (X) s 8¢.00

Water Valocity = 4.29 (m/s)
Heat Flux = 7.452E+05 (W/m°2)
Tube-metal thermal conduc. = §5.3 (W/m.K)

Peatkhov-Popov constant= 2.5534

UNCERTAINTY ANALYSIS:

VARIABLE PERCENT UNCERTAINTY
Mass Flow Rate, Md ¢.81
Reynolds Number, Re 1.20
Heat Flux, o 1.00
Lop-Mean-Tem Diff, LMTD .37
wWall Resistance, Ru 3.78
Overall H.7.C., Uo 1.€7
Water-Side H.T.C., Hi 1.05
Vapor-Side H.T7.C., Ho 4.76
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: ATOE3
Prassure Condition: Atmospheric (kPa)
Vapor Temperature = 100.099 (Deg C)
Watar Flow Rate (%) = 70.00
Water Uslocity = 3.7 (m/s)
Heat Flux = 7.313E+485 (W/m"2)
Tube-metal thermal conduc. = 85,3 (/m.K)
Patkhov-Popov constant= 2,.5534
UNCERTAINTY ANALYSIS:
VARIABLE PERCENT UNCERTAINTY
tMass Flow Rate, Md 0.93
Reyriolds Number, Re 1.28
Heat Flux, @ 1.08
tog-Mean-Tem Diff, LMTD .33
Wall Resistarnce, Ruw z.78
Overall #.7.C., Uo 1.13
Water-Side H.T.C., H1 t. 1
Vapor-Sige H.T.C., Ho 6.3
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: ATREZ

Pressure Condition: Atmospheric (kPa)
10¢.011
50.00
2.
£.835E+05

Vapor Temparature

vater Flow Rate (X)

Water Valocity

Heat Flux

Tube~-metal thermal conduct.
Petkhov-Popov constants=

UNCERTAINTY ANALYSIS:
VARIABLE

Mass Flow Rate, Md
Reynolds Number, Re
Heat Flux, o
Lop-Mean-Tem Diff, LMTD
Wall Resistance, Ru
Overall H.T.C., Uo
Water-Side H.T.C., H1
Vapor-Side H.T.C., Ho

2.5534

72

§58.3

(Deg C)

(m/8)
(W/m*2)
(W/m.K}

PERCENT UNCERTAINTY
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.39
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: ATOE3

Prassure Condition: Atmospherit (kPa)

Vapor Tamperature = 89,928 tDag C)
tater Flow Rate (X) = 20.00

Water Vealocity = 1.18 (m/s)
Heat Flux s § 289E+05 (W/m°2)
Tube-metal thermal conduc. = §6.3 < (W/m.K)

Petkhov-Popov constants 2,.5534

CERTAINTY ANALYSIS:

UARIABLE PERCENT UNCERTAINTY
Mass Flow Rate, Md 3.04
Reynclds Number, Re 3.17
Heat Flux, @ J.68
Log-Mean-Tem Diff, LMTD 14
Wall Resistance, Rw 3.78
Overall H.T.C., Vo 3.08
Water-Side H.T7.C., Hi 2.58
Vapor-Side H.T.C., Ho 13.12
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: ATO94

Prassurs Congition: Atmospheric (kPa)

Vapor Tempsrature = 99,986 (Deg ©)
Water Flow Rate (%) = 80.00

Watear Velocity = 4,29 (m/s)
Heat Flux - S.103E+05 (W/m"2)
Tube-metal tharmal conduc. - 14.3 (W/m.K)

Peatkhov-Popov constant= 2.0961

UNCERTAINTY ANALYSIS:

VARIABLE PERCENT UNCERTAINTY
Mass Flow Rate, Md ¢.81
Reynolds Number, Re 1.20
Heat Flux, @ 1.08
Log-Mean-Tem Diff LMTD .54
Wall Resistance, Ruw 5.87
Overall H.T.C., Uo 1.21
Water-Side H.7.C., Hi 1.05
Vapor-Side H.T.C., Ho 8.27
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: ATOS4

Pressure Condition: Atmospheric (kPa)

Vapor Temparature = 99.924 (Deg C)
Water Flow Rate (%) = 59.00

Water Velocity = 2.72 (m/s)
Heat Flux = 4.813E+85 (W/m*2)
Tube-metal tharmal tonguc. = 14.3 (W/mn.X)

Petihov-Popov constant= 2.0961

UNCERTAINTY ANALYSIS:

UARIABLE PERCENT UNCERTAINTY
Mass Flow Rate, Md 1.28
Reynolds Number, Re 1.56
Heat Flux, g 1.41
Log-tMean-Tem Diff, LMTD .36
Wall Resistance, Ruw .87
Overall H.T.C., Uo 1.46
Water-Sige H.T.C., Hi 1.22
Vapor~-Side H.7.C., Ho 19.08
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Nama: ATO94

Pressure Condition: Atmospheric (kPa)

Vapor Temperature = 99.808 (Dag €)
Water Flow Rats (%) = 20.00

Water Valocity = 1.18 (m/s)
Heat Flux = Z.840E4+05 (UW/m"2)
Tube-metal thermal conduc. = 14.3 (W/m.K)

Petkhov-Popov constiants 2.0961

UNCERTAINTY ANALYSIS:

VARIABLE PERCENT UNCERTAINTY
Mass Flow Rate, Md .04
Reynolids Number, Re 3.16
Heat Flux, o z.08
Log-Mean-Tem Diff, LMTD .18
Wall Resistance, Rw 5.87
Overall H.7.C., Uo .08
water-Side H.T.C., Hi 2.87
vapor-5ide H.7.C., Ho 22.75
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: ATIO!
Pressure Condition: Atmospheric (kPa)

Vapor Temperaturs = 100.00! (Deg C)
Water Flow Rate (X) = 80.00
Water Velocity = 4.27 {m/s)
Heat Flux = 9§ .614E+05 (M/m"2)
Tube-reta! thermal conduc. = 231.8 (W/m.K)
Petkhov-Popov constant= 2.3854
UNCERTAINTY ANALYSIS:
VARIABLE PERCENT UNCERTAINTY
mass Flow Rate, Mo .82
Reynolds Number, Re 1.25
Heat Flux, q .98
Lop~Mean-Tem Diff, LMTD .29
Wall Resistance, Rw S.01
Overall H.T.C., Uo 1.902
Water-Side H.T.C., Hi 1.1¢
Vapor-Side H.T.C., Ho 7.42
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: ATI10!

Pressure Condition: Atmospheric (kPa)

Vapor Temperature = 100.146 (Deg C)
Water Flow Rate (X) = 50.00

Water Velocity = 2.72 (m/5)
Heat Flux = §.834E+0S (W/m"°2)
Tube-metal thermal conduc. = 271.8 (W/m.K)

Petkhiov-Popov constiant= 2.3854

UNCERTAINTY ANALYSIS:

VARIABLE PERCENT UNCERTAINTY
Mass Flow Rate, Md 1.28
Reynolds Number, Re 1.57
Heat Flux, G 1.78
Log-Mean-Tem Diff, LMTD .20
Wall Resistance, Ru 5.01
Overall H.T.C., Uo 1.29
Water-Side H.T.C., Hi 1.32
Vapor-Side H.T.C., Ho 47.40
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: VTS84

Pressure Condition: Vacuum (kPa)

Vapor Temperature = 48.927 (Deg C)
water Flou Rate () - 50.00

Water Velocity = 2.75 (m/8)
Heat Flux = 1.512E+05 (W/m°2)
Tube-metal thermal conduc. = 14.3 (W/m.K)

Petkhov-Popov constants= 1.9238

UNCERTAINTY ANALYSIS:

VARIABLE PERCENT UNCERTAINTY
mass Flow Rate, Mo 1.27
Reynolds Number, Re 1.49
Heat Flux, Q 1.78
tog-Mean-Tem Diff, LMTD 1.17
Wall Resistance, Ru 5.87
Overall H.T.C., Uo 2.13
Water-Side H.T.C., Hi 1.26
Vapor-Side H.T.C., Ho 12.04

227




DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: V1094

Prassure Condition: Vacuum (kPa)

Vapor Temperature = 48.822 {Dag C)
Water Flow Raete (X) = 20.00

Water Velocity = 1.16 (m/%)
Heat Flux = 1.184E+05 (W/m*2
Tube-metal thermal conduc. = 1.3 (W/m.K)

Petkhov-Popov constants= 1.9238

UNCERTAINTY ANALYSIS:

VARIABLE PERCENT UNCERTAINTY
tass Flow Rate, MO .01
Reynolds Number, Re 3.11
Heat Flux, g 3.10
tog-Mean-Tem Diff, LMTD .62
Wall Resistance, Rw .87
Overall H.T.C., Uo 3.17
Water~-Side H.T.C., Hi 2.52
Vapor~Side H.7.C., HoO 6¢.75
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: VTOSs
Prassure Condition: Vacuum (kPa)

Vapor Tamparaturs
Water Flouw Rate (%)
Vater Valocity

Heat Flux

Tube-metal tharmal conduc.

Petkhov-Popov constants=

UNCERTAINTY ANALYSIS:
VARIABLE

Mass Flow Rste, MO
Reynolds Number, Re
Heat Flun, q
Log-Mean-Tem Diff, LMTD
Wall Resistance, Ru
Overall H.T.C., Uo
Water-Side H.T.C., Hi
Vapor-Side H.T.C., Ho

1.9238

49.091 (Deg C)
20.00

1.16 (m/s)
1.210E+05 (W/m°2)
14.3 (W/m.K)

PERCENT UNCERTAINTY
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: VT103
Pressure Condition: vacuum (kPa)
Vapor Temperature = 48.738 (Dag C)
Water Flow Rate (%) = §80.00
Water Velocity = 4.29 tm/s)
Hest Flux e 2.274E405 (W/m°2)
Tube-metal thermal conduc. = 231.8 (W/m.K)
Petkhov-Popov constants  2,0284
UNCERTAINTY ANALYSIS:
VARIABLE PERCENT UNCERTAINTY
Masy Flow Rate, Md .81
Reyriolds Number, Re 1.20
Heat Flux, 0 1.82
Lop-Mean-Tem Diff, LMTD 1.2
Wall Resistance, Ruw 5.0t
Overall H.7.C., Uo 1.95
Water-Side H.T7.C., Hi 1.06
vapor-Side H.7.C., Ho 7.42

230




DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: uTI192
Pressure Congition: Vacuum (kPa)
Vapor Temperature = 48.628 (Dag C)
Water Flow Rate (%) = 52.00
Water Velocity = 2.72 {(m/s)
Heat Flux = 2.074E405 (W/m"2)
Tube-metal thermal conduc. = 231.8 (W/m.K)
Petkhov-Popov constanti= 2.0284
UNCERTAINTY ANALYSIS:
VARIABLE PERCENT UNCERTAINTY
Mass Flow Rate, Md 1.28
Reynclds Number, Re 1.85
Heat Flux, q 1.60
Log-Mean-Tem Diff, LMTD .84
Wall Resistance, Rw s.o
Overall H.T.C., Uo 1.81
Water-Side H.7.C., Hi 1.32
Vapor-Side H.T7.C., Ho 23.78
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: VT103
Prassure Condition: Vacuum (kPa)
Vapor Temperature = 48.637 (Deg C)
Water Flow Rate (X) = 20.00
Vater Velocity = 1.14 (m/3)
Heat Flux = 1.288E+05 (W/m"2)
Tube-metal thermal conduc. = 2%1.8 (W/m.K)
Petkhov-Popov constants  2.8284
UNCERTAINTY ANALYSIS:
VARIABLE PERCENT UNCERTAINTY
Mass Flouw Rate, Md .05
Reynolds Number, Re 5.19
Heat Flux, o .14
Lop-Mean-Tem Diff, LMTD .59
Wall Resistance, Rw 5.0
Overall H.7.C., Uo 3.20
Water-Sige H.T.C., H1 2.59
Vapor-Side H.T.C., Ho 18.77

232




DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: AT18¢

Prassure Condition: Atmospheric (kPa)

Vapor Temperature = 100.108 (Deg C)
Vater Flow Rate (X) = 2¢.00

Water Velocity = 1.18 (m/3)
Heat Flux s §.394E+05 (U/m°2)
Tube-metal thermal conduc. = 271.8 (W/m.K)

Petkhov-Popov constants 2.3854

UNCERTAINTY ANALYSIS:

VARIABLE PERCENT UNCERTAINTY
rass Flow Rate, Md .04
Reynolds Number, Re z.18
Heat Flux, Q 3.08
Log-Mean-Tem Daff, LMTD 12
Wall Resistance, Ruw 5.00
Overall H.T.C., Uo z.08
Water-Side H.7.C., Hi 2.58
vapor-Side H.T.C., Ho 1¢.78
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: VTt
Pressure Condition: Vacuum (kPa)

Vapor Temperature = 48.875 tDeg C)
Water Flow Rate (X) - g8c.0¢
Water Velocity = 4.3%2 (m/s)
Heat Flux = 3. 48SE+OS (W/m"2)
Tube-metal thermal conduc. = 390.8 (Y/m . K)
Petkhov-Popov constant= 2,9862
UNCERTAINTY ANALYSIS:

VARIABLE PERCENT UNCERTAINTY
Mass Flow Raste, Mo ¢.81
Reynolus Number, Re 1.14
Heat Flux, o 1.22

tog-Mean-Tem Diff, LMTD .80

Wall Resistance, Ru 4,24

Overall H.T.C., Uo 1.46

Water-Side H.7.C., H1 1.00

Vapor-Side H.T.C., HoO 19.92
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Nama: vTeIt
Pressure Condition: Vascuum (kPa)

Vapor Tempsrature
water Flow Rate (%)
Water Velocity

Heat Flux

Tube-metal thermal conduc.

Petkhov-Popov constant=

UNCERTAINTY ANALYSIS:
VARIABLE

Mass Flow Rete, Md
Reynolds Number , Re
Heat Flux, g
Lop-Mean-Tew Diff, LMTD
Wall Resistance, Ru
Overall #.7.C., Uo
water-Side H.T.C., Hi
Vapor-Side #.7.C., Ho

2.9882

48.541 (Deg C)
40.00

2.2\ (m/s)
2.843E4+05 (W/m°2)
39¢.8 (W/m.K)

PERCENT UNCERTAINTY
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: VY063

Prassure Condition: vacuum (kPa)

Vapor Temperature = 48.775 (Deg C)
Water Flow Rate (%) = $0.00

Water Valocity = 4.32 (m78)
Heat Flux = 2.270E+05 (W/m"2)
Tube-metal thermal conduc. = §5.3 (W/m.K)

Petkhov-Popov constants= 2.4146

UNCERTAINTY ANALYSIS:

VARIABLE PERCENT UNCERTAINTY
tass Flow Rate, MO 0.81
Reynolds Number, Re 1.14
Heat Flux, q 1.83
Log-Mean-Tem Diff, LMTD 1.22
Wall Resistance, Rw .78
Overall H.7.C., Uo 1.96
Water-Side H.7.C., Hi 1.00
Vapor-Side H.T.C., Ho £.33
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: VT063

Pressure Condition: Vacuum (kPa)

Vapor Temperature = 48.75% (Deg C)
Water Flow Rate (X) =  72.00

Water Velocity Ll 3.79 (m/s)
Heat Flux = 2.233E+05 (W/m"2)
Tube-metal thermal conduc. = B%5.37 (W/m.K)

Petkhov-Popov tonstant= 2.4148

UNCERTAINTY ANALYSIS:

VARIABLE PERCENT UNCERTAINTY
Mass Flow Rate, Md 0.92
Reynolds Number , Re 1.23
Hest Flux, g 1.50
Log-Mean-Tem Di1ff, LMTD 1.89
Wall Resistance, Rw .78
Overall H.7.C., Uo 1.85
Weter-Side H.T.C., H1 1.06
Vapor-Side H.7.C., Ho 7.18
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Nams: V1083

Pressure Condition: Vacuum t(kPs)

Vapor Temperaturs = 48.651 {Dag C?
Water Flow Rate (2) = 50.00

Water Velotity = 2.74 (m/s)
Heat Flux = 2.103E+05 (W/m°2)
Tube-metisl tharmal conduc. = 65.2 (W/m.K)

Petkhov-Popov constants= 2.41456

UNCERTAINTY ANALYSIS:

VARIABLE PERCENT UNCERTAINTY
Mass Flow Rate, Md 1.27
Reynolds Number, Re 1.61
Heat Flux, Q 1.59
Log-Mean-Tem Di1ff, LMTD .84
Wall Resistance, Ruw 3.78
Overall H.T.C., U0 1.80
Water-Side H.T.C., Hi 1.28
vapor-Side H.T.C., Ho 15.43
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: VToB3
Prassure Condition: Vacuurm (kPa)
Vapor Temperature = 48.88S (Deg C)
Water Flow Rate (X) = 20.00
Water Velocity = 1.16 (m/s)
Heat Flux - 1.618E+05 (W/m"2)
Tube-metial thermal conduc. = §6.3 (W/m.K)
Petkhov-Popov constant= 2.4146
UNCERTAINTY ANALYSIS:
VARIABLE PERCENT UNCERTAINTY
Mass Flow Rate, Md 3.0
Reynolds Number, Re 3.12
Heat Flux, Q 2.08
Log~Mear-Tem Di1ff, LMTD .46
Wall Resistarce, Rw 3.78
Oversall H.7.C., Uo .12
Water-Side H.T.C., H1 2.57
Vapor-Side H.7.C., Ho 16.49
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: uTOS!
Pressure Condition: vacuum (kPa)
Vapor Temperature = 48.876 (Deg C)
Water Flow Rate (X) = 82.00
Water Velocity = 4.27 (m/s)
Heat Flux = 7.970E4+04 (W/m"2)
Tube-metsl thermal conduc. = 14.3 (Wr/m.K)
Petkhov-FPopov constant= 1.8282
UNCERTAINTY ANALYSIS:

VARIABLE PERCENT UNCERTAINTY
Mass Flow Rate, Md 0.82
Reynolos Number, Re 1.24
Heat Flux, o 3.57
Log-Mean-Tem Diff, LMTD 3.44
Wall Resistance, Ru 5.87
Overall #.7.C., Uo 4.95
Water-Sige H.T.C., H1 1.8
Vapor-Sige H.7.C., Ho 10.64
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DATA FOR THE UNCERTAINTY ANALYSIS:

File Name: VT094

Prassure Condition: Vacuum (kPa)

Vapor Temperature = 48.8982 (Deg C)
Water Flow Rate (X) = 80.90

Water Velocity =  4.3% (m/s)
Heat Flux = 1.4TIE+DS (W/m°2)
Tube-metal thermal conduc. = 14.3 (W/m.K)

Petkhov-Popov consiant= 1.9238

UNCERTAINTY ANALYSIS:

VARIABLE PERCENT UNCERTAINTY
tMases Flow Rate, Md ©.80
Reynolds Number, Re 1.13
Heat Flux, g 2.1
Ltog-Mean-Tem Diff, LMTD 1.89
Wall Resistance, Ru 5.87
Overall H.T.C., Uo 2.83
Water-Side H.T.C., Hi .99
Vapor-Side H.T.C., Ho 8.09
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