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ABSTRACT

The Ocean Thermal Energy Conversion (OTEC) uses the low

thermal energy potential available from ocean temperature

gradients. A method is presented to analyze such systems and,
for this purpose, a comprehensive simulation is developed.

The simulation includes parasitic power requirements, losses
due to interconnecting lines, and heat exchanger pressure
drops. Cost functions are included and numerical optimization
is employed to obtain optimal designs based upon minimum cost.
The analysis is converted to a computer code and coupled to
the COPES/CONMIN optimization code to facilitate a fully-
automated design where the computer makes the design decisions
and performance trade-off studies. The final product is an
optimum power system module design for the designated net
electrical output required and the specified system and design
constraints.

Preliminary results are presented for a range of system

power levels. Optimum designs are obtained and compared for

systems in which either titanium or aluminum tubes are used

in the heat exchangers.
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I. INTRODUCTION

A. BACKGROUND
Qcean Thermal Energy Conversion (OTEC) is a concept
using the low thermal energy potential available from the
ocean temperature gradient that exists between warm surface
ocean water and cold water in deep ocean regions.
| The idea of converting the stored ocean energy to useful
power originated with French physicist Jacques d'Arsonval in
1881 [Ref. 1]. It was nearly a half-century later that the
technical feasibility of ocean thermal energy conversion
could be demonstrated. In 1926, George Claude used an open
cycle power system to extract heat from surface water for
| indirect conversion of the thermal energy of a working fluid.
l Operating at a low pressure the working fluid was used to
drive a turbine providing electrical power generation.
Though Claude's limited power system produced only

: 22 kilowatts of electricity while requiring approximately

80 kilowatts of power to drive its equipment, it stirred

the scientific and research community to consider the

attractiveness of ocean thermal energy conversion [Ref. 2].
Claude called for immediate action on his ocean thermal

power system, because of the Federal 0il Conservation Board's

dire predictions that the United States had only six years

of oil production remaining. Obviously the dire predictions

ascribed to by the Federal 0il Conservation Board did not

11
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come true, but the o0il crisis of that period heightened
scientific interest in extracting energy from the ocean.

Now, 55 years later, the United States is faced with an
energy crisis because of increasing industrial and social
dependence on foreign petroleum. Dwindling supplies and
erratic price hikes have rekindled interest in ocean thermal
energy conversion, since it utilizes an inexhaustible supply
of fuel.

Currently, the United States Department of Energy is
attempting to develop the necessary technology and demon-
strate the feasibility of large-scale OTEC power systems.
However, there are major engineering development problems
which must be solved before OTEC can be standardized and
become a viable source of electrical power generation,

The single controlling factor which creates troublesome
technical encounters is low thermal power system efficiency
(one to four percent depending upon parasitic power require-
ments). Because the heat energy used by OTEC must be extracted
from a small ocean temperature difference, extremely large
volumes of surface water must pass through a proportionately
sized evaporator to provide sufficient indirect heat energy
to convert the working fluid into vapor to drive a turbine-
génerator for electrical power generation. Concurrently, to
convert the turbine exhaust to a saturated liquid, completing

the closed cycle, a condenser having compatible heat absorp-

tion capacity must be employed.

o sl ak ara




Economic handling of the volume of fluids required for the
heat absorption, expansion, and heat rejection phases of the
cycle requires close scrutiny of evaporator, turbine, condenser,
and pump design to minimize the parasitic losses with respect
to the generated electrical output., Because of the low
thermal efficiency, relative to nuclear or fossil fuel-fired
power plants, the margins for design and operating error in
QTEC plants will be narrow.

With the advent of high-speed computers, numerical
methods for solving these complex engineering problems with
multiple design variables and constraints are now possible.
The case for utilizing an optimizing scheme for not just
one system component, but rather the complete power generation
cycle, can easily be made. 1In effect, it would serve as a
systems analysis tool, to optimize component design and cost,
relative to a specific electrical output or to enable compari-

son and evaluation of competing OTEC designs.

B. OBJECTIVES

The objectives of this work are to develop a computer
code for the Ocean Thermal Energy Conversion (OTEC) power
system and to couple the analysis to a numerical optimization
code to provide an optimum system design capability, considering
both performance and economics.

This would create an optimum modular design relative to
a specified objective function for a desired net electrical

output, such as a 25 MW (net) power system. Such a design

13




would permit construction of higher capacity power systems
using the optimized modules as substations of the total power
plant. Cost savings, improved plant performance, redundancy,
and reliability could be the immediate beneficiaries of such

a venture.

C. OVERVIEW OF THE OTEC POWER SYSTEM ANALYSIS

To analyze the closed-cycle OTEC power system, the
fundamental relationships of heat transfer, fluid mechanics
and thermodynamics are used to simulate a variety of system
component designs, which form the basis of the power system
algorithm., The scope of this analysis will be limited to
the OTEC power system and sea water systems only. Mooring
systems, power delivery, hull, and cold pipe design will not
be addressed.

The performance analysis will be divided into four
sequential sections as shown in Figure 1, and discussed
in detail in subsequent chapters of this thesis.

Input parameters (design constants) for the power cycle
analysis will include:

Required net electrical output.

. Salt water inlet temperature to the evaporator
and condenser.

Length of hot and cold salt water pipes.
. Heat exchanger tubing material (aluminum or titanium),.
. Heat exchanger tube orientation and profile.

Pump mechanical and motor efficiencies.

14




Turbine mechanical efficiency.

Generator mechanical and electrical efficiency.
Biofouling control factor.

Piping absolute roughness,

Projected annual inflation rate for aluminum heat
exchanger retubing.

15
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[I. POWER CYCLE DESCRIPTIONS

A. INTRODUCTION

This chapter will provide a brief description of the OTEC
power system. First, looking at the ideal Rankine cycle,

the fundamental thermodynamic concepts will be enumerated.

et e aa

Then the deviations from the ideal cycle will be presented, 51
creating the configuration assumed for the present cycle
analysis which will be amplified in detail by follow-on

chapters.

B. IDEAL OTEC RANKINE CYCLE
| The closed-cycle OTEC concept is based upon a Rankine
power cycle that is driven by the low thermal energy potential
available from the ocean temperature gradient that exists
between warm surface water and cold deep water in ocean
regions. The power cvycle consists of a working fluid circu-

lation pump, evaporator (heat absorption), turbine (expansion),

and condenser (heat rejection), as shown in Figure 2. The
majority of current OTEC designs are based upon ammonia as
the working fluid -- a design decision that is adopted for

this analysis.

Figure 2 also illustrates an ideal OTEC Rankine cycle,
plotted on temperature-entropy coordinates. In the ideal
cycle, the low pressure working fluid (state point 1) is
isentropically pumped to the evaporator operating pressure

(state point 2). The working fluid (ammonia) is then

17
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converted to a saturated vapor in the evaporator by indirect
heat energy exchange from warm surface ocean water (state
point 3). Mechanical power is generated by isentropic expan-
sion of the saturated ammonia vapor through the turbine
(state point 4).

After exiting the turbine, the wet, low-pressure vapor is
converted to a saturated liquid in the condenser by indirect
heat absorption from cold ocean water (state point 1),
returning the cycle back to the working fluid circulation

pump.

C. ACTUAL OTEC RANKINE CYCLE
In actuality there are numerous deviations from the ideal
cycle which must be considered in this analysis. These are:
(1) Turbine, generator and pump efficiencies.

(2) Pressure drops in evaporator and condenser (tube-
side and shellside).

(3) Pressure drop across moisture separator.
(4) Elevation change and frictional losses in
piping: (a) re-flux pump piping, (b) piping
from circulation pump to evaporator.
(5) Evaporator outlet quality (85 to 95%).
(6) Moisture separator autlet quality (99 to 99.5%).
The deviations from the ideal Rankine cycle described
above are depicted in the flow diagram and temperature-entropy
plot of Figure 3. In the actual OTEC Rankine cycle, the low
pressure working fluid (state point 1) is pumped up to the

evaporator operating pressure by the ammonia circulation pump

with an adiabatic efficiency (state point 2). The working

19
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fluid (ammonia) is‘then converted to a wet vapor with an
evaporator outlet quality (85-95%) acting under a shellside
pressure drop (state point 3). Evaporator outlet vapor then
passes through a moisture separator to improve vapor quality
(99-99.5%) creating a pressure drop (state point 4).
Mechanical power is generated by the expansion of the moisture
separator outlet vapor through the turbine with an adiabatic
efficiency (state point 5). After exiting the turbine, the
wet, low pressure vapor is converted to a saturated liquid
in the condenser acting under a shellside pressure drop
(state point 1), returning the cycle to the working fluid
circulation pump.

This figure forms the thermodynamic basis for the OTEC

power system analysis which follows.




ITII. EVAPORATOR AND MOISTURE SEPARATOR

A. INTRODUCTION
Several heat exchanger concepts have been proposed for
closed-cycle OTEC systems. Among these designs are:

Conventional shell and tube heat exchanger.

Plate type heat exchanger.
Within these basic concepts, variations in design have
been proposed, including:
. Orientation of tubes (horizontal or vertical).

. Heat exchanger tube material (i.e., titanium,
aluminum) .

. Method of tube enhancement (i.e., fluted, porous
coatings).

Location of tube enhancement (i.e., internal and/
or external).

Location of the vapor separator (i.e., internal
or external).

Location of the heat exchangers relative to the
sea surface.

. Method of biofouling control.
The analysis to be presented for the evaporative heat
exchanger will be based on the following design characteristics:
Single-pass shell and tube heat exchanger.

Internal vapor separator with a gravity drain to
evaporator inlet.

. Horizontal orientation of tubes with an equi-
lateral triangle or square tube profile.

Smooth plain-tube configuration (no enhancements).

'
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Tube material (titanium or aluminum based on a
30-year life-cycle criterion).

Biofouling control based upon an achievable
fouling factor.

. Heat exchanger centerline located on sea surface.
As an overview of the evaporator-moisture separator
analysis, the following major steps in the algorithm are
listed in order of their execution (numbers in parentheses
refer to equations developed in the subsequent analysis):
Specification of system constants (see I.C.).
Initialization of design variables (D.V.).
Tube length.
SW velocity through hot pipe.
Inner diameter of hot pipe.

Tube outer diameter.

SW velocity through evaporator tubes.
Inner diameter of NH3 piping.
Inner diameter of NH3 re-flux piping.

Tube profile pitch ratio.

Salt water mass flow rate (1).
Total number of tubes (2).
Total heat transfer surface area (3).

. Assume an initial salt water bulk temperature (6), and
ammonia heat transfer coefficient (9).

. Overall heat transfer coefficient (4).
Number of transfer units (11).
Heat exchanger effectiveness (13).

Salt water outlet temperature (15).

23




Revised bulk temperature (16); iterate with (6).
. Amount of heat absorption (17).

Log mean temperature difference (18).

Film temperature (19).

Initial ammonia mass flow rate (21) without the
effects of moisture separator.

Initially assume state point 1 thermodynamic
properties are ideal (21).

. Thermodynamic pump work (23).

. Tube profile, flow parameters across the tube
bank (24, etc.).

. Tube sheet diameter (30).

. Evaporator shellside pressure drop for two phase
flow (33).

. Moisture separator pressure drop (38).
. Properties at state points 3 and 4 (39-41).
. Revised ammonia mass flow rate and velocity (50)

includes the effects of the moisture separator;
iterate with (31).

Revised ammonia heat transfer coefficient (31, etc.);

iterate with (9).
. Heat exchanger cost analysis.
In the following section, the basic steps summarized

above will be described in detail.

B. ANALYSIS OF THE EVAPORATOR AND MOISTURE SEPARATOR

1. Salt Water Mass Flow rate, ﬁhﬂ

The salt water mass flow rate through the hot pipe
must be equivalent to the flow rate through the evaporator

(assuming no leakage)

24
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V;"’ (hOT_ P.‘f’n:_) = /’),,TZ (E\/JP;\{/H’O,\’)
and m=2,. AV o

where A
V

Ve

cross-sectional area of the hot pipe.

1]

salt water velocity through hot pipe.

i}

density of salt water evaluated for an

average hot pipe salt water temperature.

As previously stated, the diameter of the hot
pipe and salt water velocity are among the initializing
conditions of the optimization and will be treated as design
variables.

2. Total Number of Evaporator Tubes, Ng

Using equation (1), it follows that

v 2
My = Psu u_f/é V, Ne (2)

where /L%w = salt water density evaluated at the average
bulk temperature initially assumed as the hot

pipe salt water temperature.
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c{i = tube inner diameter.

!
N¢ = the number of tubes required to maintain
the mass flow rate for an average salt water

velocity per tube.

The total number of tubes can be determined by solving
Eq. (2) for Nt

The diameter of the tube and average salt water
velocity per tube are initialized for the analysis and will
be treated as design variables by the otpimization code.

3. Total Evaporator Heat Transfer Surface Area (Outer),Ag

Having determined the number of evaporator tubes, the
total heat transfer surface area can be determined using
initializing values of outer tube diameter and tube length.

For tubes without extended surfaces

A't = Wdc L‘t N‘t‘ (3]

As previously, the outer tube diameter and tute length
are initializing conditions and will be treated as design
variables.

4. Overall Heat Transfer Coefficient, [

The quantity '"U" provides a measure of the total
thermal resistance in the flow path, based on either inside
or outside surface area.

This analysis will be based on the value of U for the

outside surface area derived from Eq. (3).

26




Using a resistance analysis, assuming one dimensional

(radial) heat flow,

TSW.
|
=
Tsw Tfsw Tw! Twz Tfnh Tnh3
""JmVA\f‘—‘—-\/\/«v""“‘\JAV/\/‘—‘-\VAVf\/ —
Rl Rz R R4 Rs
the overall heat transfer coefficient may be expressed as
!
Lo =
A A ds In do/ d: { (4)
A A, delndeld g o L
7(Lh>wA'L Ai 2K Thns {’huﬁj
where hsw = tubeside heat transfer coefficient.

R;md = salt water fouling heat transfer resistance.

K = thermal conductivity of the tube material.
d. di = outer and inner tube diameter.
an3 = ammonia fouling heat transfer resistance

(assumed to be negligible).
7P;ﬂ3= outer and inner total fin efficiency (for
plain tube analysis, total fin efficiency
equals 1).
A, = total outer surface area (including fin

and bare tube).

27
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A; = total inner surface area (including fin

and bare tube).!

7L¢ = { - %%’31(1'7(;;)

)4 = 1~ é—i—?c (vf')(fo)

v Ao
where Afhi = total inner fin surface area.
A_ = toral inner surface area (including fin
and bare tube).
Agn, = total outer fin surface area.
A, = total outer surface area (including fin
| and bare tube).
{ . = fin efficiency of single interanl fin. :
; U° = fin efficiency of single external fin. ;

a. Tubeside Reynolds Number,f?eJ
Since the heat transfer coefficient correlations

for the evaporator and condenser are dependent on tubeside

flow, Reynolds number must be calculated.

The tube Reynolds number is defined as

Rq,‘,__ ‘fSw Vsw ol (5)
Aisw

1Note that this analysis will hereafter consider smooth
plain tube configurations only.
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where {5 = dynamic viscosity of salt water,

o

]

density of salt water.

Initially, properties are evaluated for
TBuLK = T:w (INL‘ET) (6)

Reynolds numbers greater than 2300 will be indica-
tive of turbulent flow [Ref. 3]. Transition flow was considered
laminar for numerical evaluation.

b. Salt Water Heat Transfer Coefficient, h,w
The simple empirical relation proposed by Sieder

and Tate [Ref. 3], expressed as
/3 0.14

aaS (")
(,"—‘»"w )

was used for laminar heat transfer in tubes as defined by |

Eq. (5).

» ‘ Ilj/ :
N‘.u =180 (ﬁgb( /)r) ({_—%)

Nusselt and Prandtl numbers, Nuyg and M-, are

defined as
NUJ - h:w ol

Raw

B‘ - CP’N /"":w
Ksw

where/LGw, Sy and g,y (dynamic viscosity, specific heat,
and thermal conductivity) of salt water are evaluated at salt

water bulk temperature.




The effect of the viscosity ratio term in

(7) ) 0.14
AL
L

where A{, is salt water viscosity evaluated at tube wall

Eq.

e

' temperature, is considered negligible and will hereafter be

dropped from the expression of Eq. (7).

Relation (7) is based upon the following assumptions:

fully developed flow in smooth tubes.

fluid properties are evaluated at the
bulk fluid temperature.

and is valid for the following condition
>
Redfr_f_ >10

t For fully developed turbulent flow in a tube as !
defined by Eq. (5), the Dittus-Boelter correlation [Ref. 3]

expressed as

NlLLd = C.C23 RCJ P!‘ (8)

was used. Nusselt and Prandtl numbers, Nﬁd andl3~, are

previously defined by Eq. (9).
Relation (8) 1is based upon the following assump-
tions:
fully developed flow in smooth tubes.

fluid properties are evaluated at the bulk
fluid temperature

and is valid for the following conditions:




Prandtl numbers ranging from 0.6 to 100,

. moderate temperature differences between
the wall and fluid conditions.

¢. Salt Water Fouling Heat Transfer Resistance
In this document, it will be assumed that the
fouling resistance coefficient for tubeside salt water can
be maintained at .00025 (h,.tt°>F/8Tu) using one of the
following techniques:
Chlorination.
MAN Brush System,
. Amertap.
Chemical cleaning
Pressure drops associated with cleaning techniques
will not be considered in this analysis., Piping losses will
be a function of tube length, inner diameter, salt water
velocity and the absolute roughness of the tubing design
material only.
d. Ammonia Shellside Heat Transfer Coefficient,f\NHi

Initially, hye, will be assumed

‘1”“3 = {000 (BTU//‘IP-J:‘(’I'FQ) (9)

since its value cannot be directly calculated during this
phase of the analysis.,
Using the thermal resistance expressed as

d.

7((. I‘.sw d(

Ry =

31
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Rz = —; ,
a\’ l"fiw ch
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e I o/«

Rs= = 2x

{

Rs = ———

)(O ‘,‘NHJ

an initial value for the overall heat transfer coefficient may
be calculated.
f

Lic = : (10)
R1f' R.’, *R;; ?P\S

5. NTU-effectiveness Relations

The NTU-effectiveness relationships will be used to
determine the evaporator outlet salt water temperature,
Currently, all salt water properties have been based upon

the initial assumption that

TBJL}( = THL (SW INLET TO E\/AP)

The expression for the number of transfer units (NTU)

which is a measure of the size of the heat exchanger is given

by

NTU= WU Ay /Conn

where (,y,n is defined as capacity rate of the single phase

flow in an evaporative or condensing two phase flow regime,
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Coimin = g, Cp, (11)

Evaporator effectiveness can then be expressed as

(-NTU)
€=1-¢ (12)

for two phase flow regardless of the flow geometry.

Using the definition of effectiveness

actual heat transfer
Effectiveness = (13)
maximum possible heat transfer
G - /_\T’mm = T;; "'TH.' (14)

<§ =

AT max T;;—~TE;

~

g'ma X
The expression for ,\ Tpmisrepresents the single phase

(salt water) flow and T}; represents ammonia inlet temperature

to evaporator taken at state point 3A,

Evaporator Salt Water Outlet Temperature and
Bulk Temperature

Using the relationships of Eqs. (12) and (14), the

6.

following expression may be formulated for salt water outlet

temperature

(-NTU)
) (15)

Ta= Tui- (Twi~Te )(1- ¢
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Concurrently, a revised evaporator average salt

water temperature can be expressed as

TBJLK = ( TnL + Tn.;)/i (16)

Using the revised value for average salt water
temperature,iterate with equation (1) until the revised and
current values of bulk temperature satisfy a specified
convergence criterion.

=, Amount of Heat Absorption,C

Using the results of Eq. (16) and (12), the amount of

heat absorption by the evaporator may be expressed as

C).j = c;mn (TH,;- Tn.;) (17)

! 8. Log Mean Temperature Difference, LMTD

The NTU-effectiveness method can be used to determine

the mean effective temperature difference (LMTD) across the

evaporator (heat exchanger).

Using Eq. (17) and the definition of

Q = u.: Ac F LMTD
with Q'm.u = C,,,,,, A Tinax

the log mean temperature difference across the evaporator ﬁ

may be expressed as
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o = Lemeal — " le.) (18)

where TEL = Tkn3 evaluated at state point 3,

F = correction factor on IMTP, equal to 1 for
two phase flow,

9. Film Temperature for Property Evaluation, Tg

In order to evaluate the shellside ammonia heat
transfer coefficient, working fluid properties (i.e.,

viscosity, specific heat, etc.) must be evaluated at the film

temperature to validate critical heat transfer expressions. ;
By modifying the expression in Eq. (10) multiplying
by a single tube outer area, a value for single tube con-

ductance can be expressed as

A f
Ryt Rz ijf-ID\g

1]

Us A

Subsequently, the average amount of heat transferred

per tube would equate to

¢= u,/'\ (T—BuLK—T3)

where Tz = T;”b evaluated at state point 3.

Again using the resistance analysis in Section 3,

shellside wall temperature may be derived from

T’NZ = T_BULK - q.)(jl "R.: 4’/:?.5)

A




Knowing shellside wall temperature and the free-stream
temperature, film temperature can be derived from their

arithmetic mean,

Ty = T“’ZZ* Ts (19)

10. Ammonia Mass Flow Rate, lﬁNH,

According to first law of thermodynamics for steady

state, steady-flow conditions in the evaporator:

EVAPORATOR (ideal) b(hot sw)

rﬁ~H317: + 95 = 'h~H3 hs (20)

from which the ammonia mass flow rate,y%an, may be determined
if the enthalpies at state points 2 and 3 are known.

I we initialize the lower and upper bounds of the
analysis in terms of pressure P1 and PS’ respectively, and
initiallv assume that a saturated vapor leaves the evaporator,

the following relations may be expressed
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L’f‘} P T) = Tsfar] 21

7/

(21)
'43 = l‘fi)Ps Ts = Tsf*r] 3
where ht = represents enthalpy at state point 1 at
the suction inlet to the working fluid
f circulation pump.
h3 = represents enthalpy at (ideal)/state point 3

as a saturated vapor,

77,73 = represent the respective saturation
temperatures.
! 1’4 = represents the specific volume at state
point 1.

To summarize, the upper and lower pressure bounds of
the svstem ( Prand £3) will be initialized in the analysis
and treated as design variables by the otpimization code.
Temperature at state point 3 is initially assumed to be a
saturated vapor (ideal TS); however, the working fluid is
subject to a shellside pressure drop as it passes across
the evaporator with an outlet quality of 90-95%. Properties

at state point 3 (actual) will be assessed in follow-on

sections.




AMMONIA CIRC PUMP

n:’Nn:‘; I"M + W'cp = m"”’s hz (22)

Assuming steady state, steady-incompressible flow,
the change in kinetic and potential energies, and heat
losses are negligible for isentropic conditions, and the

isentropic pump work can be expressed as
\""Cr’s = U4 (f’,’: -/91) where Pz = P2s

After the isentropic pump work is calculated, the actual

(adiabatic) pump work may be determined using pump efficiency,
}Q.

¥ — \' .
\,\,V,> \./L,F'_,

(23)

Actual outlet enthalpy at state point 2 may be deter-
mined using the results of Eq. (23) with Eq. (22) knowing the
enthalpy at state point 1 from Eq. (21).

Using the rtesults of Eqs. (21) and (22), the mass

flow rate in Eq. (20) may be calculated as the average shell-

side mass flow rate for the working £fluid (ammonia).
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11. Tube Profile, Flow across Tube Bank, and Tube Sheet
Diameter

Since the heat-exchanger arrangements (evaporator
and condenser) involve multiple rows of tubes, the geometric
arrangement of the tube profiles is important in the
determination of the heat transfer coefficient, the tube
sheet diameter and the shell side pressure drop associated

with two-phase flow (homogeneous model) [Ref. 4].

H The following geometric arrangements are used:
=% —
Jab\ M
N N f
IN- LINE ! ‘. FLOW
!
M Dt
i NN
where Sn = pitch ratio x outer tube diameter, equal to Sp.

Fr = pltch ratio; the distance between tube centers

with respect to outer tube diameter.

Af = tube profile area (centerline to centerline)
per tube.
Sh = P2 ds (24)
Ap = Sn (25)
L 39
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o
STAGGERED 30 Sn g FLOW
il 2 - f\;‘
Sn = < IR C{U S 3C (26)
Sp = Fad, Cos 30 (27)
Therefore, the tube profile area (centerline to centerline)

per tube 1is equal to

A = SI‘ :5.) o]
P i (28)
The ratio of minimum flow area to the frontal area can be

expressed as

Age _

As

Si: - 5(0

Sn (29)

Using the selected tube profile geometry, either in-
line or staggered, and knowing the required number of tubes
by equation (2), the tube sheet diameter for heat exchanger

design can be assessed as follows:
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T — 9
Ne Ap n4>> (30)

where 'T;o = tube sheet diameter.
To estimate the shellside ammonia flow velocity the
following control volume is introduced (ammonia circulation

piping and the top portion of the evaporator).

""""""" | _LT""'"?

P

I
If the mass flow rate remains unchanged across any

T

boundary (continuity),

1. M, = Mg

Furthermore, if we assume the evaporator has the
means to evenly distribute liquid droplets across the top
of the tube bundle (spray nozzles and baffling), the follow-
ing expressions can be applied to estimate the mean droplet

velocity approaching the bundle:

Let (Afhie = AF)(

where 7( = percent of tube frontal area which is occupied

by droplets.

The mass flow rates are

”-']z ':'/0 Ar’ Vr’
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,)"7+ = & (.Af)l_.g \/}

where /\e = ammonia pipe cross-sectional area.
\Vp = average ammonia velocity in the pipe.
Therefore
Ap
Vi= — Vp
: CAf)’L
3
and since A
7~
Epala
At

it follows that the average velocity of ammonia through the
circulation pipe is equivalent to the average velocity of

( ammonia at the tube frontal area boundary.

Thus the assumption that 3 =Ap/A¢ is equivalent to

the assumption of constant liquid kinetic energy in the

transition from the pipe exit to the bundle entrance. Con-
sidering the minimum free-flow area for shellside flow passage,

Ag can be derived from Eqs. (29) and (30):

Ag = Tor Le

Ag = Ag <_____5a) (32)

SN
where  A; = represents the flow frontal area.

L+ = tube length.
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Using the calculated values of Eqs. (32) and (20),
the mass velocity for the minimum free-flow area can be
expressed .
G = Myny /Agg
where MyuFepresents the average ammonia mass flow rate.

12. Pressure Drop of Two-Phase Flow across a Bank of

Tubes, Afr

This portion of the analysis will use an analytical

model for two-phase pressure drops applicable for a fog or
spray flow pattern occurring at high void fractions -- the
homogeneous model [Ref. 4].

The model asserts that if the pressure drop in the
two-phase flow for a liquid-vapor mixture is relatively small
compared to the absolute pressure, the flow is considered
incompressible. Subsequently, the density of each phase is
practically constant. During the process of phase change,
the phase and velocity distributions are changed, and so is
the momentum of the flow. Therefore, the pressure drop of
a vertical two-phase flow consists of three components:
friction loss, momentum change, and elevation pressure drop
arising from the effects of the gravitational force field.

The local pressure gradient for a two-phase flow

may be expressed as

AP, = AP’mcr:m\, + A PHDHENTU’M * APFELE VATION (33)

IOT r
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For a given channel length,L%L, the pressure drop

components can be represented by

~ G T

APFRICTION - Dgz;j_~-Lc (34)

2~

AF, = S
MoHENTUM ~ ds

AF = =2
ELEVATION — <o ~C¢

and the total pressure drop,zﬁf%vAP, is given by the sum of

these expressions

where § single-phase friction factor by Jakob expressed
in Eqs. (35) and (36).

Le

channel flow length, defined for horizontal
tubed evaporators as L¢=lsp  (tube sheet
diameter).

Pe = equivalent diameter of flow channel, defined
by De = P2 d, -clo.

Vv~ = mean specific volume defined by
= 1 X (- )
V= g [11-b} (LJV— v ]

where X = quality of mixture (state point 3).
V; = specific volume of liquid (state point 1).

Lg = specific volume of vapor (state point 3).
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The basic assumptions of the homogeneous model (fog
flow model) {Ref. 4] are:
(1) equal linear velocities of vapor and liquid,
{(2) thermodynamic equilibrium between the two
phases, and
(3) a suitably defined single-phase friction factor
is applicable to the two-phase flow,
Using assumption (3) and the correlations by Jakob
[Ref. 3], a suitable single-phase friction factor can be
calculated from previously defined tube profile relationships:

for staggered tube arrangements:

) -C.16

PR L1 _
f: G285 + - ¢ ”8 . T Rcm « (35)
[(Sn-d)/us]™ '
and for in-line tube arrangements:
/" c -0 {5
f': C.044) + o.CA —,/n/do (36)

R
[( Sn-cl )/ foJ a3 r 113 de / 5n Emax

where Reynolds number (max) is determined from the shellside
ammonia flow and the nozzling effect of the tube geometry as

expressed by

Vinax = V# (—S——‘EL'J——-)
n =-do

where \Q = the ammonia velocity at the tube frontal area

boundary determined by equation (31).
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Reynolds number for maximum shellside flow can be

calculated using the following expression

; 1
R _ 2 Vmax cts
Coax- 7 Sl

Eq. (37) and tube profile data can then be used to
evaluate the single-phase friction factor, required for
Eq. (34). All other components of the total pressure drop
Eq. (33) can be determined from previously calculated data.

13. Pressure Drop Across the Moisture Separator./APm.sep

This portion of the analysis will simulate the use
of a cyclone separator to improve te evaporator outlet vapor
quality. The flow pattern in a cyclone separator is complex
and simplifying assumptions are inadequate to allow the
calculation of the corresponding pressure drop, which can
vary from 1 to 20 inlet velocity heads [Ref. 5]. Therefore,
the worst case condition will be applied with an approxima-
tion for the fluid flow inlet area to the separator banks.

By approximating the inlet area as a fraction of

the evaporator frontal area

Aier = C1 Tso Ly

the inlet fluid velocity can then be determined using the

working fluid mass flow rate, Eq. (20).
fﬂan ='/0A!NLET V

where & = density of ammonia at state point 3.
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Therefore, if the pressure drop across the moisture

separator is equal to 20 times the inlet velocity head,

= 20 Vz
AEn.sEi’ = 20N (38)

< f]c

14, Enthalpy at State Points 3 and 4

{33) represents the pressure drop across

Since Eq.
the evaporator shellside, the actual pressure at state

point 3 or evaporator outlet may be determined from

%(~:w)= Fs - APz ap (39) !

where [z was previously described as the pressure for a

saturated vapor.
Similarly the actual pressure at state point 4, the

moisture separator outlet, may be expressed as

Py= Ps(Nsw)—Af’m,sé,; (40)

Operating under the dome of the Temperature-Entropy

diagram, the following properties are defined

hg,:(/véwh hFJPswrzw} 114; = }'7{'] P4
(41)

hagwew) = MJ P3(NEw) hag = hﬂ) Pa




The subscript(yivv) representing a revised property
will hereafter be dropped from the expressions in Eq. (41).
Assuming an evaporator outlet quality of 390-95%, and a
moisture separator outlet quality of 99-99.5%, enthalpies
at state points 3 and 4 may be determined using the relation-

ships of Eqs. (41)

hz = hse + x3 <'I'“.3j - JL)S{)

ha = has x4 (hag - has) (42)

15. Revised Ammonia Mass Flow Rate and Velocity

Till now, we assumed that the shellside mass flow
rate was given in accordance with the ideal system defined
by Eq. (20); however, in actuality this is not the case.

The diagramatic representation that follows better
illustrates the heat absorption phase of the OTEC power
system and will vrovide the basis for the analysis and
optimization.

Note, as in the previous control volume analysis,
the following conditions are assumed.

Steady state.
Steady-incompressible flow,

. Change in potential and kinetic energies is
negligible,
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Analyzing the moisture separator as a separate

control volume,

!
]
3 I MOISTURE 4
‘ SEPARATOR | |
|

If we assume that there is no carry-over of vapor in

the separator drain, then

X3 iﬁ5 = X4 I'/H‘;
and . X4 - (43)
M3 = — My
X3
However, for reasons of flow continuity, the mass
flow rate through the separator drain must be included in

the control volume analysis; therefore

Ms = M4 + Mz (44)

49




Substituting Eq. (43) 1nto 44+ and solvinyg for ;7,,,

the following expression can be derived

’ P ) i
PI'.‘(:)C'—"\TS-’)‘“-‘; L1353

/

Looking at the evaporator as a separate control

volume,

——— - - —— —p———

—e——0+ EVAPORATOR |¢+—w—

M

[GFF

| A

t, Wre

the energy balance is

Gr e H: + ﬁlmlmz e Mp Mo = 113113 0 ke HiRe

Assuming the change in enthalpy across the re-flux
pump and the difference between the separator drain outlet
and evaporator inlet are negligible, the energy balance

becomes

¢

Qé—m:h&’ FMVipe hpe = 1173113 (30




tluid drained from the separator is

l’.)\:':i‘} { P:‘l{‘«"-b"}
T

assumed to be a saturated liguid.
halance of the c¢vaporator control

3

t

Yfurthermore, a na
volume can be expressed as
(47)

R A SV AN S PRI B B ¢

wrere gyl =) L
so0lving Eg 17y fur the mass flow rate at stato
voint 5 and substituting 1nto Eu. . in, with Egq. (313) vields
the followlny expression
4 \» N “a - /‘.v s A JW z
} ’_';‘ e = -~ -—-—-’; .. [18)

steadv-flow

steadv-state,

In addition, a mass »alance :ot

tnlicates that tho mass T1ow Tartes AT State nolnts and 1
Ire eaudl oand theratfore
n?4 = b2 f19)
Jsing tas. 3% and 400, the revised mass flow

TAte 47 5tate DNLint mav be determined. Joncurrently, the
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cconetry mav he determined srom this veviiod mass flow oraso
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an acceptable convergence criterion is achieved provides
the pressure drops across the evaporator and moisture
separator, and the properties at state points 3 and 4 for
a given film temperature. The result 1is more representative
of the heat absorption phase in the OTEC power cycle than is
the commonly used ideal analysis.

In addition, solving for the revised temperature at

state point 3,

-T% = TEAT’] . (50)
S P3

and iterating through Eq. (18) revises the film temperature
and subsequent working fluid properties.

16. Revised Shellside Ammonia Heat Transfer Coetfficient

In the search for acceptable correlations to predict
the average evaporative heat transfer coefficient, two analyti-
cal treatments were found that lent themselves to OTEC
power svstem conditions.

The first of these correlations seeks to predict

thin film evaporation heat transfer coefficient for horizontal
tubes [Ref. 6]. Owens [Ref. 6] uses (1) the similarity
between evaporation and condensation, () the correlation
forms of local evaporation heat transfer coefficients for
water on a vertical tube developed by Chun and Seban, and

(3) the dependence of heat transfer on the vertical spacing

of the tubes as was experimentally demonstrated by Liu, to
arrive at the following correlations for non-boiling thin

£ilm evaporation:
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for laminar flow

- o -1 ~1/5
N= 2z <i) (_._{f_) [l ) (51)
ds ; g }‘bkfg \ Ay

|

>
1
N
N
)
oy

where H vertical spacing with respect to tube outer

diameter,

)
"

tube flow rate per unit length.
The laminar-turbulent transition point is defined

by the intersection of Eqs. (51) and (52)
~1.5

. Oyl
RCTR = fellc ( :'_;__i>
f

The pseudo-Reynolds number for horizontal vertical falling

film evaporation is defined by Ref. 7.

Re = 4
Ll
W The second correlation combines boiling and evapora-

tion of liquid films on hori:zontal tubes, applicable for

vertical banks of plain and enhanced tubes {Ref. 8].
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The overall model for a single tube is expressed as

o ) (53)

h= hy+ g Le v he Ly
L_ /

—
k)
S
|
—

#

where hb Rohsenow pool boiling correlation over the

entire tube length given by

1 £ 1. <
b = ;/ e*[£;3%= J;LP*P, AT (54)
Css &7 g Fr
with Csy = function of the fluid-surface combination.

AT = wall temperature minus free stream saturation
temperature.

U} = surface tension

h; = heat transfer coefficient in the developing
region,

! 3007
Ny)= = Cp L

4/3 1/3

3./
La(" I ( ’, rz)
<4 T i

and hc = fully developed heat transfer coefficient given for

w
-

laminar flow by

2 -1/3  _ ~c.22

14(;:0.32:( ’7/> <_‘2‘—’—\ (53)

K7y o
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and, for turbulent flow,

, =12 o C.e5
[ 72 47 7o
!k_,ax:c 3 \ /—— (2 (56)
g/ s \*
where L = circumferential length of heated surface.
~ = thermal diffusivity.
Ld = developing length around tube circumference.

] = flow rate per unit axial length of tube.
To apply Eq. (51) for a vertical bank of tubes, L

1s expressed as

=N Trds /2

The laminar-turbulent transition point is defined by
the intersection of Eqs. (55) and (56)

—1.06

(ﬂ
0O ——
=

As before, the pseudo-Reynolds number is defined by Ref. 7

Re.,=5

fs

After using Eq. (57) to establish which flow regime
the system is operating in, the revised heat transfer coeffi-

cient for non-boiling thin film evaporation or nucleate
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boiling may be calculated and then iterated with the initial

assumption for the shellside heat transfer coefficient, Eq. (9).

This will have a convergence effect on variables which are
a function of the shellside heat transfer coefficient, moving
them closer to actual OTEC system performance characteristics.

The user should be aware that the predictions for the
OTEC power svstem using ammonia have been for the case where
no boiling occurs in the film. This condition is dictated
by industrial preference for plain tube heat exchangers to
minimize fouling and the characteristic of ammonia to wet
surfaces well, flooding out nucleation sites. A number of
enhancement techniques have been developed to create
nucleate boiling, including a variety of tube configurations
and surface preparations; however, a preference for them
has not materialized. The nucleate boiling development in
Eq. (51) which would be indicative of tube enhancement is
provided for information only and will not be included in
the optimization or summary of conclusions.

Having described the methods used to predict the
shellside heat transfer coefficient, we can complete this
chapter of the OTEC power system analysis by constructing the
heat exchanger cost analysis.

17. Evaporator Cost Analysis

At the request of TRW, Wyatt Industries, a large
exchanger fabricator, prepared cost estimates for three

different sizes of vertically configured evaporators and

condensers, based upon initial design specifications prepared




r

by TRW. Based upon these estimates, TRW developed sets of
equations that represent the costs of various heat exchanger
component parts for shell diameters ranging from 10-35 ft
and 35-50 ft [Ref. 9].

The following are the TRW evaporator cost (§)
equations as a function of outer tube diameter (inch),
total number of tubes and tube-sheet diameter (ft) for
tube-sheet diameters of 10-35 ft.

. Drilling time/tube sheet thickness

tyg= 066 (d,-c.a’) (58)

. Thickness of the tube sheet
0.6

———

%T'S: c.56 {50 {(59)

. Tube sheet labor cost

:15@6‘25(/\&/%30)(fd/b'bé)(frs/4) (60)

C'T'SL

. Tube sheet material cost
2.3

(_TSM_.I&"? 436 Tsp (61)

. Tube installation cost
0.7
’ ! ,
Crr= 34 N d (62)

. Heat exchanger shell cost

Coxs = 17726 ( /( T;D/:?,) (63)
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. Ammonia distribution plate and battles cost
Cors = 9386515 (N /9630 (¢4 /00 (Tap /18) 4
\'DPB =492 . t L/‘ d/C6o SD /,8 ( )
. Bustle, flanges channels and flow plates cost

Cpper = 308550 (T@/Ig)z (65)

. Tube material cost

CTH = (E’ Lt +EZ) N‘; jﬁ- (66)
15
where Ef = curve fit of tube cost per foot.
E£Z = tube machining cost if required

. Heat exchanger head costs

CHXH = 53240 (Tgp/h‘f) (67)

. Water inlet, nozzles and supports cost

2
Couns = 220310.75 (T5p /13) (68)
. Tube welding costs (Titanium tubes)
for N¢ € 36C0C
, 1o3 c.7
Crw = 1473 Ny (do/1.5) (69)
for N, >3600C

f,3 _ C’«']
rw = 08727 N (de/15)
The sum of cost Eqs. (60) through (69) would equal

the cost to fabricate one OTEC evaporator with a tube sheet
diameter of 10-35 feet (all the preceding component costs
have been adjusted for current pricing at a 10% annual rate

of inflation).
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If our analysis is based on a 30-year life-cycle
criterion, no adjustments are necessary to any component
cost equation if titanium tubing 1s used due to its anti-
corrosive qualities; however, using aluminum tubing (i.e.,
Al1-5052), the expense of retubing must be considered to meet
the criterion of a 10-year life cycle for aluminum tubing.
This implies Eq. (61) and (66) must be modified to reflect

the costs of retubing at the 10 and 20-year point in the cycle.

. Aluminum tube installation cost
N T- T .20
CATL:CrI[ff’(ffL) +(1+0) ] (70)

where L = projected inflationary rate (input by customer)

. Aluminum tube material cost
SN10 g, - y2%®
Carsg= Com [1¢(171) 7+ (1) ] (71)

For tube sheet diameters of 35-50 ft the following cost

relationships apply [Ref. 9]:

. Equations for drilling time/tube sheet
thickness (58), thickness of tube sheet (59),
and tube material costs remain unchanged.

. Tube sheet labor and material cost (titanium)

codl .68

Crg, 255189 Ny Tsp  td (72)
2,014

Crsy = 29-566 Tsp 1y (73)
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Tube sheet labor and material cost (aluminum)

R Ca T4 Cho

1.61
CT.SH = 3543 7_50 t—rs (75)

. Tube installation costs

0.7
Crp = Je.542 Ne d. (76)

. Heat exchanger shell cost

206
CHX: = 12-544 (LC +(’) TSD (77)

. Ammonia distribution plate and baffle costs
0,873

_ 182
Copg = 158074 T, +72419N, ¢, (78)

. Bustle, flanges, channels, and flow plate costs

212
Coper = 472.977 Tsp (79)
. Heat exchanger head cost
1,45
C,p, = 172531 T, (80)

. Water inlet, nozzles and support cost

1.1
CWTNS - 7443—.2677 7—)‘) (81)




Tube welding costs (titanium tubes)

for N, € 36CCO

103, ., , e 7
Crp = 1473 Ny (ao//-o) (82)

w

for Ng > 3ecoc

1‘03 . (007
Cry = CETTTN, (a'o/f-o’)

As indicated previously, the cost to fabricate one
OTEC evaporator with a tube sheet diameter 35 to 50 ft is
equal to the sum of component costs Eqs. (72) through (83)
(all the preceding component costs have been adjusted for
current pricing at a 10% annual rate of inflation).

For an analysis based on a 30-year system life-cycle

criterion, the additional costs for aluminum retubing must

be considered and Eqs. (70) and ("1) apply.




IV. PARASITIC LOSSES

A. INTRODUCTION

This chapter describes in detail the programming analysis
for parasitic losses which include: (1) pumping and pipe
requirements for both cold and hot salt water systems,
(2) pumping and pipe requirements for the working fluid
(ammonia) circulation and re-flux systems, and (3) turbine
generator losses due to inefficiencies. Hotel requirements
have not been incorporated into the analysis, but could be
included for the final design analysis.

Pumping power requirements will be determined through
the use of the general energy equation between the inlet and

outlet of the system control volume [Ref. 3].
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To determine the pumping power VVS the following effects
will be evaluated:
1. Density head.
2. Friction losses.
Intake piping.
. Heat exchanger tubing.
Exit piping (if employed).
3. Thermodynamic pressure head.

4. Elevation head.




5. Minor losses.
Intake piping inlet configuration (contraction).
Intake piping screen (obstruction).
Flow through valves, elbows, etc.
. OQutlet piping (expansion).
. Inlet to heat exchanger tubing (contraction).
. Qutlet from heat exchanger tubing (expansion).
Qutlet of exit piping (if employed).
In the above pump head evaluations, the following inputs
are specified:

Pipe lengths (hot, cold, ammonia circulation and
re-flux piping).

Inner pipe diameters (initialized and treated as a
design variable by the optimlczation code).

. Absolute roughness corresponding to piping/tubing
material (designer specified).

Fluid velocity. (initialized and treated as a
design variable by the optimization code).

Pump mechanical and electrical efficiencies.

As an overview of the parasitic pump loss analysis, the
following major steps in the algorithm are listed in order
of their execution:

. Hot pipe salt water pump.
Inlet piping friction losses (86).

. Minor piping losses due to inlet screen (87)
and plenum design to evaporator core (88).

Evaporator core minor losses (89, 90) and
tubeside friction losses.

. Total pressure losses (92) and pumping
head (93).

Pumping power requirements (95).
63
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Pump cost analysis (96).
Cold pipe salt water pump.

Initialize cold pipe inner diameter and SW
velocity (design variables).

. Minor losses due to inlet ducting (97) and
plenum design to condenser core (98).

Inlet piping friction losses (99).

Condenser core minor losses (100, 101) and
tubeside friction losses (103).

Density head (104).
. Total pressure losses (105).
Pumping power requirement (107).

. Pump cost analysis (108).

. Ammonia cirgulation pump.

Piping friction (109) and minor losses due to
valving/elbows (110). '

Pressure drop across evaporator shellside (112).
.. Thermodynamic head (113).
. Elevation head (114).
.. Total pressure losses (115).
. Pumping power requirement (116).

Pump cost analysis (118).

. Ammonia re-flux pump.

. Piping friction (119) and minor losses due to
valving/elbows (120).

. Thermodynamic head due to pressure drop of
saturated liquid ammonia across evaporator
shellside (122).

Elevation head (123).

Total pressure losses (124).
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Pumplng power raquirements !1261.

Jump cost analvsis 12771,
Parasitic pump losses,

In the following section, the hasic steps summarized above

will be described in detail.

B. ANALYSIS OF PARASITIC LOSSES

1. Hot Pipe Salt Water Pump. ~.,»

The pressure losses due to piping friction and

assoclated minor losses will be determined using the

Darcy-Weisbach correlation [Ref. 10].
A 2
AP: s /é’ K.V (83)
e Zj;'
where K_ describes the resistance coefficient.
V' = fluid velocity.
L
Ki=fF3 (31)
where }: = friction factor.
é? = equivalent length in pipe diameters.

In order to determine the friction factor, the pipe

flow Revnolds number must be calculated,

,5.sw Vsw d.

/(/sw

F\)C‘.( =
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where < H, =

Swo, va

\JSW'dL -

Pipe rlow

properties of walt water at the hot pipe
inlet temperature {(assumed constant through-
out the pipe).

salt water velocity and inner pipe diameter
(initialized and treated as design variables
by the optimization code); velocity assumed
constant over pipe length.

Reynolds number greater than 2300 will be

considered turbulent.

for laminar flow

7C_ &4
g Re . (85)
far turbulent flow
7( 1,325
(86)

: [In(&/57di +5.74/Re, c“’]l

where € = absolute roughness corresponding to piping material

selected,

Eq. (86) vields a friction factor within one percent

of the Colebrook equation and is valid for the following

conditions [Ref. 9].
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Considering the resistance coefficient for pipe minor

losses
Assume the inlet Jduct 1s the same size as the
plpe inner diameter, but it is screened
K=1.5 (87)
Assume piping enters evaporator through an
area which is abruptly changed [Ref. 11}
L2
K:[1-(d1/’710):} (38
where [sp = evaporator tube sheet diameter (assume tube

sheet diameter is twice as large as the inner
pipe diameter).
Summing the results of Egs. (84), (873}, and (88) to
determine the total resistance coefficient, the pressure
losses due to piping can then be determined using £q. (83).

If a variety of valves or fittings are to bhe included

1,

with Eq. (84), Ref. 11 provides a representative listing ©
equivalent length-to-pipe-diameter values.

To analyze the pressure drop across the evaporator
tubeside, we again use the Darcy-Weisbach correlation, but
for different design assumptions.

Assume inlets to evaporator tubing are well
rounded [Ref. 11]

K=o 5 (39)




—

Assume outlets of evaporator tubing expand
to an infinite reservoir [Ref. 10]

K=1¢ (90)

Using the Reynolds number in the previous chapter,
Eq. (5), the corresponding friction factor Eq. (85) or (86),

and resistance coefficient can be determined
Kc.c/cc‘ = f Le (91) |

L(L '

where Lt,d; = evaporator tube length and inner tube

diameter and are initialized and treated as

design variables by the optimization code.

Summing the results of the resistance coefficient
in Egs. (89), (90) and (91), the pressure losses due to the
evaporator design may be determined using the Darcy-Weisbach
correlation Eq. (83).

The results of the piping losses and core design
losses are equivalent to the hot pipe salt water pumping

system requirements

AP 5 = AP ooe SySTEM + A Pzyap vesisn (92)

Pum

converting to pumping head

. Je
/‘%wf]

H APFumP (93)
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Pumping power in terms of horsepower can be determined

using the following expression

PP: fﬂsw< gH) (94)

H 7{,) jc
where 71? = pump mechanical efficiency (designer input).
fhau= salt water mass flow rate determined in

previous chapter, Eq. (2).
To equate parasitic pump losses to power input,
Eq. (94) is converted to the motor load requirement in terms

of megawatts electrical.

RP(M“)): _P_".i x CoNyERSION FACTOR (95)
M

where '71M = pump motor efficiency (designer input).

Because of the high salt water flow rates and rela-
tively low pumping heads, good engineering design would
dictate the use of axial flow (propeller) tyvpe pumps.

Using the algorithm developed by TRW [Ref. 9] from
data provided by Johnston Pump Co., and Process Equipment
Co. (distributors of Ingersoll Rank and Johnston Pumps),

the cost of salt water pumps can be expressed as

- o 3
Cpumf:[<0/1000)0.75 +.5c] L.21x1c (96)
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where

"
<

D= L Vs

where ct,vgw = inner hot pipe diameter, salt water velocity
(initialized for analysis and treated as
design variables by the optimization code).
The above algorithm is valid for the following con-
ditions
vertical, wet pit, propeller type pumps with
cast iron steel columns with protective epoxy
coating, stainless steel shaft and bron:ze

impeller.

. pump size from 155,000 through 750,000 GPM
with total dynamic heads of 8 through 12 feet.

Eq. (96) has been adjusted for current pricing at a 10%
annual rate of inflation.

2. Cold Pipe Salt Water Pump. er

Using Reynolds number

f?‘ _ ’/CEN Vsw d. »
ey - A/A(SW’ ,

properties of salt water at the cold pipe ;

[}

where 4k, /{w

inlet temperature (assumed constant through-

out the pipe).

bgﬂlg{é = salt water velocity and inner pipe diameter
(initialized and treated as design variable
by the optimization code), velocity assumed

L

constant over pipe length.
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Pipe flow characteristics and friction factor can be identi-
fied. A pumping analysis will be developed for the cold
pipe pump using the Darcy-Weisbach correlation, similar to
the development in the preceding section.

Considering the resistance coefficient for minor pipe
losses

. Assume the inlet duct is well rounded [Ref. 11].

K‘: C.5 (97)

. Assume piping enters condenser through an
area which is abruptly changed [Ref. 10].

[ (d /Iso) J (98)

PLENU m

where 7;0 = condenser tube sheet diameter (assume tube sheet
diameter is twice as large as the inner pipe

diameter).

. Assume one ninety-degree elbow is required
in system [Ref. 11].

.LL:3O
D
Summing the results of Egs. (84), (97), and (98),

the total resistance coefficient can be expressed as

L L .
K )C( P * ‘) KINLET' * Kf’LEmlm (99)
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where L; = length of cold pipe.
A, = inner diameter of cold pipe.
Pressure losses due to piping can then be determined

using the Darcy-Weisbach, Eq. (83).

In analyzing the pressure drop across the condenser

tubeside, the Darcy-Weisbach correlation is used again, but

for different design assumptions. i

. Assume inlets to evaporator tubing are well

3 rounded.
K=¢6> (100)
. Assume outlet of condenser tubing expands to
an infinite reservoir.
g K=1C (101)
i
Defining Reynolds number for condenser tubeside
]
flow, while assuming
Eua« = 160;0([/&1(.6!‘) (102)

“ s

where /A%N{/agd = properties evaluated at condenser tubeside
bulk temperature {(initially assumed equal to

cold pipe inlet temperaturej.
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\sw,di= average salt water velocity through
tubing, inner condenser tube diameter (both
are initialized and treated as design
variables by the optimization code).
The corresponding friction factor, Eq. (85) or (86), and

resistance coefficient can be determined

K&oeé = f'éf (103)

d.

where L., d;, the condenser tube length and inner tube diameter
are initialized and treated as design variables by the optimi-
zation code.

Summing the results of the resistance coefficient
in Eqs. (100), (101), and (103), the preésure losses due to
the condenser design may be determined using the Darcy-Weisbach
correlation, Eq. (83).

A complete analysis of cold pipe losses must also
include the effect of density head and a corresponding increase
in pumping power requirements,

For most engineering problems involving the flow of
liquids through a pipe, where the temperature change in the
pipe is small, the density of the fluid is considered to be
a constant and the fluid is termed "incompressible.'" However,
the flow problem in OTEC cold pipe systems is unique. We can
continue to assume that there is negligible change in the fluid
temperature, virtually unaffected by the ocean thermal

gradients, because of the system's characteristic high mass
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flow rates. However, the height of the water column (1500
to 3000 feet) inside the pipe requires the effect of fluid
compressibility to be taken into consideration.

The effect of an increase in density with depth

can be expressed by the integral

/ c{f>

J 7

with a density head defined as?

‘ Al
H/a':Zé"zL T/ .ﬂ_r.-
/ ¢ 29

Integrating the pressure-density variation, the

density head reduces to [Ref., 12}

| / /’j P)[1- Km(%* )J

where K, = mean compressibility of walt water, f(salinity,
temperature and pressure).
‘/2 = reference density at which K, is evaluated.
Considering pressure at any depth obtained from the

integral,

P= -j/zige,é’('z)dz

the density head can be rewritten as follows

Ze 5 + Ze

H/.O:(?e‘Z‘L)——;: [/(7(2)({3 |- J Prgaz 4

Prg
~ Vi s

(,\T

2Note that Z is measured as positive ggward so that ocean
depth values(Z,, 2.) are negative and (Ze-2i) is a positive
quantity.
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Rigorous procedures for calculating the density
profile which is a function of temperature, salinity and
pressure may be found in Ref. 13; however, they will not
be discussed in this document,

For the purposes of simplification, the following
solution technique was developed:

(1) If the liquid in the pipe is taken to have a
constant density with respect to pressure, the compressibility

approaches zero; the density head can then be expressed as

,p = (2 -Z)— //»(2)473

(2) Converting the geometric term for elevation to

an equivalent integral expression

2,
Z. -2, =/—;;£/4 dz

The reference density is taken to be the inlet value so that

/ﬂ :/ﬂg.

and the density head can be rewritten as follows

H_pr/-;-:-/ Cp; -/(‘2))(12 ’

(3) Assuming a linear distribution of density with

depth, due to temperature variations, as illustrated below
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the following linear expression for density with respect to

depth may be formulated, where Z,=C for convenience.

P (/; -pe )(1- Z/2.)

(4) Applying the equation developed in section 3 to
the density head integral above and integrating over the
range of values for sea water depth (z), the following
equation is derived as a linear approximation to the density

variation of sea water with respect to depth

f{; = (;fi’—/ﬂc‘ 2\
‘ Pk )( 2/

where /%?LVZ% = curve fit evaluations of density for

specified depths of sea water. Data
extracted from Ref. 14.
The results of the piping losses, core design losses,

and density head are equivalent to the cold pipe salt water

pumping svstem requirements

APP“’"F = AP;’!PE SysTEM *APcha DES N ‘*'APDE»J:N\/
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Using Eq. (93), Eq. (105) can be converted to a
pumping head. Similarly, pumping power in terms of horse-

power can be determined using Eq. (44).

{DCF: V_w_iW(gH)

A @c
¢ " d
where
‘ . z
| m,w:/:;w(frd; Vo, (106)
| 7
%
|
and sw = density of salt water evaluated for a

constant inlet temperature.

VSN)AL cold pipe salt water velocity, and inner
diameter (initialized and treated as design
variables by the optimization code). Note
salt water veloclity through cold pipe 1is

considered to be constant.

Pumping power can then be expressed in terms of

megawatts electrical

Bpww = Per x CCNVERSI0M FACTOR (107)
M

where 7@H= pump motor efficiency (designer input).

Using the same arguments for the selection of an
axial flow (impeller type) pump, as used for the hot pipe
salt water pump, the pump cost algorithm developed by TRW o

can be applied to the cold pipe salt water pump assuming
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the required conditions are validated.

' R WP B
LPW"F:[( 9/1(/\,(/)019 rbi]td,(,u (108)

Equation (108) has been adjusted for current pricing at a
10% annual rate of inflation.

3. Ammonia Circulation Pump.F%mC

The function of the ammonia circulation pump 15 to
circulate and 1ift saturated liquid ammonia from the condenser
hot well at state point 1 and increase its pressure to exceed

the operating conditions in the evaporator at state point 2.

In order to evaluate these characteristics, the

following pumping elements will be included in the analysis:

Piping losses (friction and minor).
Heat exchanger shellside pressure drop.
Thermodynamic pressure head.
Elevation head.
As in the preceding analvsis, Revnolds number is used

to determine pipe flow characteristics

e - 20 v di

/ /LL

Y]

where /42/6 = saturated liquid properties of ammonia for
the temperature at state point 1 (assume any
temperature increase from pump work is negligible).
(i = inner pipe diameter (initialized and treated as

a design variable by the optimization code).

- S .
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\/ = ammonia flow velocity determined from the pre-

ceding chapter, Eq. (50).

The ammonia pipe friction factor can then be deter- !
mined from Eqs. (85) or (86), and the piping friction ;

resistance coefficient can be expressed as

k= f L am

d. |
# where [, = ammonia circulation pipe length (designer input).

Considering the resistance coefficient for minor pipe
losses, assume there are four ninety-degree elbows in the

system

L
~ (110)
D
where %.= equivalent length in pipe diameters for a standard
elbow [Ref, 11].
Summing the results of Eqs. (109) and (110), piping

losses (friction and minor) can be determined using the Darcy-

Weisbach equation (83).

2
) _ L L)V
L\fj,:,pe'/j[;zfé‘g 2'31 (111)

The heat exchanger shellside pressure drop 1is also |

included in the pumping head requirement because it serves as

a resistance to flow.




Pressure drop across the evaporator shellside was

determined using the two-phase flow model (homogeneous)

expressed by Eq. (33)

APEVAP - APFR!CT:‘ON +Aﬁwoue~rul~1+APELEVAnc~ (112)

Since the pump is required to 1ift the working fluid
to a higher elevation and increase its operatinyg pressure,
the following elements must be included in the analysis:

Thermodynamic head

where = P~ P 115

A PT‘HERMO he ( )
represents the difference in thermodynamic
operating pressure between state point I and
state point 1.

Elevation head

where AF coaren=52 "1 (114)
Z4¢ = datum.
Zz = elevation of the evaporator inlet above

datum (taken to be equal to evaporator
tube sheet diameter plus 25).
represents the lift head required to move the

working fluid to a higher elevation. '
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The results of piping losses (111), evaporator
pressure drop (112}, the thermodynamic head (113) and
elevation head (114} are equivalent to the ammonia circulation

pump system requireements.

Aqump =APrire + AF 00 + AFraeamec +APeievation (115)

Using Eq. (93) with ammonia properties, Eq. (1153)
can be converted to pumping head and finallvy expressed as

pumping power (horsepower),

Riac= onns ( ﬁH) (116)
e b

where /h~n3 = mass flow rate of ammonia determined byv
Eq. (20) of the previous chapter.
719 = pump mechanical efficiency (designer input).
Pumping power can then be expressed in terms of mega-

watts electrical

= E&@ ONVERSICN FACTCOR (117
@mww , «C
LM
where 7b1= pump motor efficiency (designer input).
Because of high pumping head and moderate flow rates,
good engineering design would dictate the use of a single

suction centrifugal flow tvype pump.

81




Using the algorithm developed by Westinghouse Electric
Co. [Ref. 15] from data provided by Bingham Pump Division,
ortland, Oregon, the cost of the ammonia circulation pump

can be expressed as

- .(:'164 5
C = [ Plas U 2 ¢
pump = [ btz ZH )2 xic (118)
\Bo1coe
where ﬁhm3 = mass flow rate of ammonia (fDm/hr)
L; = specific volume of saturated liquid ammonia

3

at state point 1 (Ft /16.n)
Eq. (118) has been adjusted for current pricing at a 10%
annual rate of inflation.

4. Ammonia Re-flux Pump,p%&;um

The function of the re-flux pump is to recycle
ammonia droplets which are not evaporated in the heat absorp-
tion process. Saturated liquid at approximately the heat
exchanger's operating pressure is 1ifted from the evaporator
dvain to the ammonia feed inlet, for redistribution as droplets
across the evaporator tube bundle. (Drainage mass flow rate
is assumed to be equal to 30% of the evaporator inlet feed
mass flow rate.)

In order to evaluate these characteristics, the

following pump elements will be analy:ed:

Piping losses (friction and minor).




Thermodynamic pressure head.
Elevation head.

As in the preceding analysis, Reynolds number 1is used

to determine pipe flow characteristics

vd
Reyl = /6(

saturated liquid properties of ammonia for the

where /471(

average pressure across the evaporator.

A, = inner pipe diameter (initialized and treated
as a design variable by the optimization code).

\VV = ammonia flow velocity determined from the
evaporator drainage mass flow rate assumed
equal to 30% of the evaporator inlet feed mass
flow rate (assume velocity constant throughout
the pipe).

The re-flux pipe friction factor can be determined

from Eqs. (85) or (86), and the piping resistance coefficient

can be expressed as

K= ;-3 (119)

4
where L = ammonia re-flux pipe length (designer input).
Once again, considering the resistance coefficient
for minor pipe losses assume there are four ninety-degree !

elbows in the system




K= 4 (120)

L
D

where = equivalent length in pipe diameters from a standard

D
elbow,
Summing the results of Eqs. (119) and (120), piping
losses (friction and minor) can be determined using the

Darcy-Weisbach, equation (83)

.

In order to determine the thermodynamic pressure
head, the pressure drop across the evaporator for the
saturated ammonia liquid must be analvzed. Since the
saturated vapor and liquid are in thermodynamic equilibrium,

the results of Eq. (11Z) apply. Therefore
AP = P3s-F2
LG

Therefore, the thermodvnamic pressure head is equal
to the pressure drop across the evaporator for the saturated

ammonia liquid.
APTHEKMO:APLI(P (122)

Finally, the elevation head is equal to the elevation
of the evaporator feed inlet with respect to datum, the

drain outlet,
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Therefore,

AP, = 2221 (123)

Ev "~

where  Z¢y = datum, drain outlet.

Z, = elevation of the evaporator inlet above datum
(taken to be equal to the evaporator tube
sheet diameter plus 10).

The results of piping losses (121), the thermodynamic

pressure head (122), and elevation head (123) are equivalent

to the ammonia re-flux pump system requirements.

AP = AP +AP + AP (124)

pump PiIPE ELEVATON THERMUO

As before, using Eq. (93), Eq. (124) can be converted
to a pump head and finally expressed in terms of pumping

power (horsepower).

e = s ( 9H) (129)
71‘9 Je

where Mg drainage mass flow rate.

71? pump mechanical efficiency (designer input).
Pumping power can be expressed in terms of megawatts

electrical

ﬁg-ﬂ,ux(mw): R‘f"’w"x ConvERSICN FACTCR (126)
M
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where‘nﬂ = pump motor efficiency (designer input).
Using the same arguments for the selection of a
centrifugal pump, the pump cost algorithm developed by

Westinghouse can also be applied to the ammonia re-flux

pump .
v "" 0‘b4 5
- [ Mg Yg 7
CP“"'P’(;;?%—) hetxie (127)
where ﬁ}k = mass flow rate of evaporator drainage ammonia
(Ibm/hr)
1@ = specific volume evaluated at the average

2
evaporator pressure (ft/lbm)
Eq. (127) has been adjusted for current pricing at
a 10% annual rate of inflation.

5. Parasitic Pump Losses

Parasitic pump losses is the summation of electrical
auxiliary pumping requirements (hotel and maintenance loads

not included) determined bv Eqs. (95), (107), and (126).

Pi_oss = PHP + Pcp + Pcmc + PRE—FLUX (128)
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V. TURBINE AND ELECTRICAL POWER

A. INTRODUCTION

The turbine generator is one of the critical elements
of the QTEC power system. Its energy conversion efficiency
and efficiency of design have a major effect on the overall
system performance., To illustrate this point, Ref. 16
reported that a three-point change in turbine efficiency from
85 to 88% results in a 3.6% increase in gross power, and a 5%
increase in net power developed.

This chapter will describe the analysis to evaluate the
expansion turbine thermodynamic properties and generator
output. The use of these properties will determine the
internal turbine efficiency and outlet quality subject to
design and thermodynamic constraints. The relationship
between the condenser operating pressure (design variable)
and the turbine outlet quality will be used to initiali:ze
the heat rejection characteristics of the condenser.

General literature on turbomachinery designed for OTEC
closed cycle systems indicates that a turbine having the
following characteristics

Double flow, axial inflow,
Four stages of expansion,
Operating at 1800 RPM,
provides the optimum aerodynamic design [Ref. 16]. However,

it is not the intent of this thesis to analyze the geometry
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and performance parameters of the turbine. Turhine geometry
such as

Specific speed and specific diameter,

. Wheel diameter,
Rotational speed,
Blade height,
Blade stresses,
should be treated as a separate systems problem using
3 optimization to improve state-of-the-art design.
Parasitic losses due to the following generator turbine
inefficiencies will be evaluated in this section.
Generator mechanical and electrical.
Turbine mechanical.
As an overview of the turbine-generator analysis, the

following major steps of the algorithm are listed in order

of their execution:

Gross electrical output with no parasitic losses
(129).

Enthalpy at state point 5 (130).
. Turbine outlet quality (131).

. Entropy at state point from a specified outlet
quality (132).

. Quality and enthalpy at state point 5s (133, 134).
Internal (adiabatic) turbine efficiency (135).
Turbine cost analysis (137).

Generator cost analysis (138).

In the following section, the basic steps summarized above

will be described in detail.
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B. ANALYSIS OF THE TURBINE AND ELECTRICAL POWER REQUIREMENTS

1. Gross Electrical Output and Inefficiency Losses

[f the net electrical output required is indicated
by (in terms of megawatts), the gross electrical load at

the turbine shaft can be expressed as

*

t.q = ‘——E_ﬂ + PLOSS (129)
Hrw Vigan
where P osy = parasitic pump losses determined by Eq. (128).
71rm = turbine mechanical efficiency (designer
input).
14sen = generator mechanical and electrical

efficiency (designer input).
The loss of electrical output due to generator-

turbine inefficiencies is equal to

M.

{
Loss <7zTH )/EGEN /

2. Turbine Efficiency

The power developed across the turbine is
E.= m(hs-hd)

mass flow rate of ammonia given by Eq. (48).

where hh

hq

From this, the enthalpy at state point 5 can be calculated.

enthalpy at state point 4, Eq. (42).

If we initialize the operating pressure of the con-

denser in terms of Ps, the following relations may be expressed
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hsq = -'?3)%_ hss = h;/t s (130)

Therefore, it follows that the turbine outlet quality,

X5, can be determined from

Having established the moisture separator outlet
pressure and temperature, Egqs. (40) and (41), the entropy
at state point 4 can be determined for a known separator
outlet qualitv (designer input) using the following

relations

~

Saf = 5% Sag = 53) T4

T4

54: Sqf *X4(54y‘541:) (132)

For isentropic turbine work,

S4=Ss5s (133)
the quality at state point 5s may be determined using the i
following relations
NETE 53)7-5— Ssf= S+') Ts
Ssx= Sse+ X55(Ssy - Sss) (134) |

Having determined the quality at state point 5s, the

enthalpy can now be determined.
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h;":l’]SF+ 5S (”15‘3"73‘?) (135)

Using the results of Eqs. (41), (130), and (132),
the internal turbine efficiency (adiabatic) can be deter-

mined, expressed by

rs (136)
\ hg - hss

To ensure a realistic selection of internal efficiency,

the following constraints are attached to the optimization

code
: nsq
y X3
e

ﬂ\ /\ N

hs <
X5S
S
//1
4

3. Turbine Cost Analysis

The ammonia turbine cost is based on an algorithm

developed by Westinghouse to estimate manufacturing costs
[Ref. 15].

o/ .
( gy = 212X10 <o,375‘ FEc/ 13000 N Fy

i

(137)

z
=2
[0}
]
(¢}
J[.
it

gross electrical output in KW,

g
5
o

2 (for a double flow turbine).

o
il

flow price factor (1.0 for single-flow, 1.447

for double-flow).




The above algorithm is valid for the following
conditions:
Double flow, axial inflow.
. Multi-stage.
Operating at 1800 RPM.
The generator cost will be based on an algorithm

developed by TRW from data provided by selected manufacturers,
L - 6
Coen = (C-UZ5 EG +u».’J1,Z1xfo (138)

and is valid for the following conditions
1800 RPM rotor speed.
. power factor 0.8.

Eqs. (137) and (138) have been adjusted for

current pricing at a 10% annual rate of inflation.




VI, CONDENSER

A, INTRODUCTION

As indicated in the introduction to Chapter III, several
heat exchanger concepts have been proposed for the closed-
cycle OTEC system, with variations in their design.

The analysis to be presented for the condensing heat
exchanger will be based upon the following design
characteristics:

Single-pass shell and tube heat exchanger.

Horizontal/vertical orientation of tubes with an
equilateral triangle or square tube profile.

Smooth plain-tube configuration [no enhancements).

Tube material (titanium or aluminum based on a
350-vear life-cvcle criterion).

Biofouling control based upon an achievable
fouling factor.

Heat exchanger centerline located on sea surface.

As an overview of the condenser analvsis, the following

major steps in the algorithm are listed in order of their

execution:

Initialization of design variables (DV).
Tube length.
SW velocity through condenser tubes.
Outer tube diameter.
Tube profile pitch ratio.

Amount of heat rejection (139).

Tubeside bulk temperature (142). '
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Total number of tubes (143).

Log mean temperature difference (144).
Conductance (146).

Number of transfer units (1453).

Heat exchanger effectiveness (147).

Initially assume a value for ammonia heat
transfer coefficient (151).

Single tube conductance (148).
} . Average heat rejection per tube (152).
Film temperature (153).

Revised ammonia heat transfer coefficient (154, etc.);
iterate with (151).

Tube profile, flow parameters across the tube
bank (158, etc.,.

Tube sheet diameter (163).

Condenser shellside pressure drop for two-phase
flow (166).

Revised properties at state point 1 (171, 172);
iterate with (21).

Overall heat transfer coefficient (173).

Total heat transfer surface area (174).
Revised condenser tube length (175).
Heat exchanger cost analysis.

In the following section, the basic steps summari:zed

above will be described in detail.

B. ANALYSIS OF THE CONDENSER

1. Amount of Heat Rejection, (§

Using the calculated value for enthalpy at state

point 5, equation (131) from the previous chapter, the ideal ;
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values at state point 1, Eq. (21), and the steadv-state mass

flow rate of ammonia, Eq. (48), the amount of heat rejected

by +he condenser can be expressed as

7

G = m,\;«g (h:‘-fﬂ) (139)

2. Tubeside Bulk Temperature

As in condenser tubeside Reynolds number, salt
water properties will be evaluated at bulk temperature,
initially assumed equal to the cold pipe inlet temperature.
Using this premise, the _ondenser salt water capacity

rate can be evaluated

B

C/VH/']: Im'j"{j CP (140)

i

where (%&w specific heat of salt water initially evaluated

at the cold pipe inlet temperature,

ﬁLP = mass flow rate of salt water through the cold
pipe previouslv evaluated by Eq. (197).

Using the results ot Zgs. {159) and (140), and the

known cold pipe inlet temperatul'®, the ccndenser salt water

outlet temperature may be evaluated from the basic expression

/'; - " T T, )
\_)) = Comip ‘L'.O" ,vil (141)
where TEG,IEL = condenser salt water outlet and inlet
temperatures, respectively.
Having determined the condenser salt water outlet

temperature. the revised bulk temperature zan be expressed as
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To= Te.+ I (142)
A

Using the revised condenser bulk temperature and
iterating with Eq. (102) corrects the operating temperature
for salt water properties which are essential to the
analysis.

3. Total Number of Condenser Tubes,hL

Since the mass flow rate of salt water through the
cold pipe is equivalent to the mass flow rate through the

condenser, according to the law of continuity,
mc,; = Meono

it follows that the number of condenser tubes for a specified

tube diameter, can be evaluated using the following expression:

HT:fsw% V{. Nt (143)

where /4%w = average salt water density evaluated at
bulk temperature.
d; = inner tube diameter (initialized and treated

as a design variable by the optimization code).

Vi

average salt water velocity through the con-
denser (initialized and treated as a design

variable by the optimization code).
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4. Log Mean Temperature Difference, [MTD

Using the result of Eq. (141), the known pipe salt
water inlet temperature, and the inlet temperature of
ammonia evaluated at state point 5, the [MID of the condenser

may be expressed as

IMTD= ~lee= e (144)

h,<73=-72i
Ts-Te,

5. NTU-Effectiveness Relations

The number of transfer units which is a measure of
the condenser size can be determined from the basic

expression

NI—U‘—‘—LJ—"—A—" (145)

min

where the conductance (UJ%)of the heat exchanger is a

function of the heat absorbed and the LMTD.

G=(U,A,)LMTD (146)
The condenser effectiveness can then be expressed as

(-NTU)
é:t—é (147)

for a two-phase flow, regardless of the flow geometry.
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£. Single-Tube Conductance, LI A.

Using the resistance analysis derived in Chapter III,

Section 4 for an initialized tube length

L=L;
the heat exchanger conductance for a single tube can be
expressed as

1

4 { Ind./d: t , 1 (148)
+ — - -_— . —_—
)[i Nsw Al A Rrsw Y 2iTkL * A RfN"" T 7{'0 hiv"b Ao

LLA. =

where wa tubeside heat transfer coefficient.

R;ﬂv = salt water fouling heat transfer resistance.
K = thermal conductivity of the tube material.
A; A; = total outer and inner tube surface areas ﬁ

(including fin and bare tube); tube length
is initialized and treated as a design

variable by the optimization code). 5

R‘NH3
Yo

IMC

ammonia fouling heat transfer resistance
= outer and inner total fin efficiency
a. Tubeside Reynolds Number
Since the salt water heat transfer correlation

is dependent on tubeside flow, Reynolds number must be

evaluated Re, _ s Vew d:
d Alsw

~ Where /AZW U, = salt water density and viscosity are

/
’/

4
evaluated for the fluid's bulk temperature.
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¢l Vsy = inner diameter and average salt water tube
velocity.
Reynolds numbers greater than 2300 will be
indicative of turbulent flow [Ref. 3].
b. Salt Water Heat Transfer Coefficient, hy,
Once again the empirical relationship proposed
by Sieder and Tate [Ref. 3] will be used for laminar heat

transfer in tubes and as defined by

Nug= 186 (Re, Bj/?%)w.(ﬁ_‘w)

Nusselt and Prandtl numbers are defined as

.14

Nu, = Ksw (149)
F= c;f 34 (150)
Sw

where dynamic viscosity, specific heat, and thermal conduc-
tivity of salt water are evaluated at the salt water bulk
temperature.

The effect of the viscosity ratio in the
Sieder-Tate equation is considered negligible, and will
hereafter be dropped from the expression. The assumptions
and validity condition associated with the Sieder-Tate
equation were stated in Chapter III, Section 4, and will not

be repeated here.
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For fully developed turbulent flow, again the

Dittus=Boelter correlation [Ref. 3] was used.

i 0.8~ 0.5
Nuy= c023Re, R

Nusselt and Prandtl numbers are previously
defined by Eqs. (149) and (150). Assumptions and conditions |
for validity were stated in Chapter III, Section 4,

c. Salt Water Fouling Heat Transfer Resistance

As indicated previously, it will be

assumed that the foulding resistance for tubeside salt
water can be maintained at .00025 (hr #t-F/3Tu)

d. Ammonia Shellside Heat Transfer Coefi:'ic:ient:,h,w3

Initially, j will be assumed

NHz

Py = 1600 (BTu/hr.$°F) (151)

since its value cannot be directly calculated during this
phase of the analysis.

Using the following single-tube thermal

resistance {
Ri= —
7(i hsw nd;, L
{
Rz=
Hi Npgo TTdi L
- ‘n do/dl
K C2TWKL

1
Rs=
A
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an initial value for single tube conductance (outer tube

surface) may be calculated

LA, = !
u R1+P\2+R3+R5

7. Film Temperature for Property Evaluation,T;

In order to evaluate the shellside ammonia heat
transfer coefficient, working fluid properties must be
evaluated at the film temperature.

This can be accomplished by using the results of the
single tube conductance, the tube side bulk temperature and

the working fluid saturation temperature, expressed in the

following equation for single tube heat transfer rate (average).

é’= Uvo (Tb‘ ~TBULK) (152)

Again using the resistance analysis as in Chapter III,

the shellside wall temperature may be expressed as
Tw‘z= Teurk *Q(R{ *Rz+R3)

Knowing the shellside wall temperature and the free-
stream temperature, the film temperature can be derived from
their arithmetic mean

Te = Twyr Is (153)
R

For purposes of this calculation, saturated tempera-

ture conditions at state point 5 are taken to represent
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free-stream conditions, when in fact the two-phase process
will experience a pressure drop and a corresponding drop in
temperature.

8. Revised Shellside Ammonia Heat Transfer Coefficient,

huu.;
This analysis will include correlations for both

horizontal and vertical heat exchangers.
In the horizontal-tubed condenser, Nusselt's
correlation was used as a predictor [Refs. 7 and 17],

for laminar flow

1/3
- 3 2z
h:&(rs‘(_f__u_’( A gl (154)
Sy W
I where w = estimate of ammonia mass flow rate across

each tube.

K;74¢/J; = properties evaluated at film temperature.

L

tube length (initialized and treated as
a design variable by the optimization code).
This correlation is probably conservative, since it
‘ does not consider turbulence due to high vapor velocity
or splashing of condensate [Ref. 7].
For turbulent flow, Nusselt's correlation is increased

by 10% as recommended by Jakob [Ref. 17]

_ . /3
h- 1,045‘( Ke Pe 9 b (155)
Alg W
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The laminar-turbulent transition point is defined by
a Reynolds number of 2100, where the pseudo-Reynolds number

for .film-type condensation on horizontal tubes is defined

as [Ref. 7]

where [ = mass flow rate of condensate per tube over its
length.
In the vertical tubed condenser, both Nusselt's and
Kirkbride's correlations were used as predictors [Ref. 7].
For laminar flow, Nusselt's correlation is increased

by a factor of 1.28 as recommended by McAdams [Ref. 7]:

-1/3 -1/3

T o - 4
b - 1.28 147 ( R g) (,m ) (156)

where [ = mass flow rate of condensate per tube over its

diameter,
For turbulent flow, Kirkbride's correlation is applied

) ., -3, 0.4
h - 0.0077( Lt ) (4' >
h PRy s (157)

The laminar-turbulent transition point is defined by

a Reynolds number of 1800, where the pseudo-Reynolds number

for film-type condensation on vertical tubes is defined as

[Refo 7]

Re = 47
y7A
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After using the pseudo-Reynolds number to establish
the flow in which regime the system is operating, the revised
heat transfer coefficient for film-type condensation may be
calculated and then iterated with the initial assumption
for the shellside heat transfer coefficient, Eq. (151).

Once again this will have a convergence effect on variables
in which the shellside heat transfer coefficient is a
function, moving closer to actual OTEC system operating
point characteristics.

9. Tube Profile, Flow across Tube Bank, and Tube
Sheet Diameter

Since the condenser tube bundle involves multiple

rows of tubes, the geometry of the tube profile arrangement
is important to determine the shellside heat transfer coeffi-
cient, the tube sheet diameter and the shellside pressure
drop associated with the 'homogenous' two-phase flow model
[Ref. 4].

Using the same arrangements shown in Chapter III,

Section 2, /F‘s" _;\

L/

e

IN-LINE ' s, —a—ELOW
A
S
Sn= Pz d. (158)
Ap= Sn (159)
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where Sh = pitch ratio x outer tube diameter.
PR = pitch ratio (initialized and treated as a
design variable for the optimization code).

Ap = tube profile area per tube
l--—Sp ——

(I
N

STAGGERED 30 s, ~a—FLOW _

-

Sn =2 PR Cja 5-/'130.

(160)

SP = PR d.;, ces 30 (161)

Ap= Sn Sp (162)
the ratio of minimum flow area to the frontal area can be
expressed as

Ath 5’1*6{0 ( )

- P 163

Ag Sh

Using the selected tube profile geometry and know-
ing the number of condenser tubes by Eq. (143), the tube sheet
diameter for the condenser design can be evaluated from the

following expression
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N‘t AP = -T%Tio— (164)

where T;o = Tube sheet diameter.
To analyze the shellside ammonia flow velocity, the
following control volume is introduced (turbine generator

discharge and top portion of the condenser).

|
'\ JUBE B FRON URFACE _ __
TP
Since the mass flow rate remains unchanged across

any boundary

. .

Ms = My

Furthermore, if we assume the condenser has the
capabilityv to evenly distribute vapor across the tube bundle

(distribution baffles), the following development applies

to the vapor coverage:

Let (.A;)V'AP = A;VI

where 71 = percent of tube frontal area which is covered

by vapor.

Me= 2 As Vs

r)’/]f'_:,pf AF Vf7z
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where ,45- = condenser inlet cross-sectional area,

\/s = turbine discharge ammonia velocity.

Therefore ' /@Ab’ /
Vi = L2A s
P A

If 71§/§745AA@A1, it follows that the turbine discharge
velocity is equal to the average velocity of ammonia at the
tube frontal area boundary. A determination of the distri-
bution fraction7( requires a detailed knowledge of the
design of the turbine/condenser interface. In the absence
of this information it is assumed that

Vi = Vs

A similar argument could be presented for a vertical
tubed condenser where turbine discharge is admitted to a
distribution ring that bands the condenser tube bank.
Exhaust vapor would travel radially through the tube bundle

and then collect at the bottom after vertical film-

. i dadade
condensation. ——j !
- |
- I
-—-: :
|
Vside - —
"-j :
‘—l' 1
- }
o }
L__l__1

Again, in the absence of a detailed design, it is assumed

that

bélms= V%‘
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Considering the minimum free-flow area for a horizontal
tubed condenser, A;; can be derived using Eq. (163) and the

projected frontal area.
As =Tsp Le

Age = A < Sa-ce ) (16%)
Sn

the flow frontal area.

where  A¢
Le

For vertical condensers

tube length.

A; = T Tso X FronraL LenGTH OF VAPOR INLET FLOW
Using the previously calculated value of the ammonia
flow rate and Eq. (165), mass velocity for the minimum free
flow area can be expressed as
. . ”'14
G=

Ass

(166)

10. Pressure Drop of Two-Phase Flow across a Bank of
Tubes, AP

The pressure drop in the two-phase flow condensing
heat exchanger will be determined using the homogeneous
model introduced in Chapter III. The model will consist of
three components -- friction loss, momentum change, and
elevation pressure drop arising from the effects of gravity.

The local pressure drop for a two-phase flow may be

expressed as
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APCOND = APFK!CTI‘CN' +Ati/OMENruH "—APELEVATlON (167)

For a given channel length, L. , the pressure drop

components can be expressed by

. fGU
AF?—'RICTION‘ De.2 9 Le (168)

_Gv
AR{OMENTUM- ic (169)

AP - 3
ELEVAT ION Uﬁc_ < (170)

where f single phase friétion factor by Jakob expressed
in Eq. (35) or (36).
G = mass flow velocity determined from Eq. (166).
L¢ = channel flow length, defined for horizontal
tubed condensers as L¢=7;p (tube sheet
diameter) and for vertical tubed condensers
as [c=L¢ (tube length).
Dg = equivalent diameter of flow channel, defined by

Dcs PR dg“da

77 = mean specific volume defined by

7= v 1+ —L’% ('ng-bﬁcﬂ
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where X = quality of mixture (state point §).
U} = specific volume of liquid (state point 1)
Ug = specific volume of vapor (state point 5).

All components of the pressure drop model Eqs. (168, 169,
and 170) can be determined using the preceding information.

11. Revised Properties at State Point 1

Since Eq. (167) represents the pressure drop across
the condenser shellside, the actual pressure at state point 1

or condenser outlet may be determined from

where }% is previously described as the condenser operating
pressure for the ideal cycle.

Operating on the saturated liquid line on the
Temperature-Entropy diagram, the following properties

are defined:

N — ~
h{ (NEw) = ,"\*F} PNNEW} T1(NEW}‘: ’SAT/‘ P1(NEW) (172)

The subscript (NEWQ representing a revised property
will hereafter be dropped from the expression in Eq. (172).
Until now, we assumed the condenser outlet tempera-
ture and pressure were designed to operate as an ideal system,
without a pressure drop. Therefore, using the revised
temperature at state point 1 and iterating over the range
from Eq. (21) until an acceptable convergence criterion is

achieved, all the preceding variables as function of T3
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will be reevaluated to complete the closed-loop cycle of the

simulated OTEC power system.

12. Overall Heat Transfer Coefficient, | [,

The quantity "U" represents a measure of the total
thermal resistances in the flow path. Therefore, using the
tube conductance expressed in Eq. (148) which is divided by
the outer heat transfer surface area of a single tube, the
overall heat transfer coefficient for the condenser can be

determined.

The thermal resistances are now expressed as

c‘{ P

1 =3 . .,
R Nihsy i

RZ = 0{0
i hysw d:

Rs: dg!n 15(0/4"4.
2K

S
z
X

w

and the overall heat transfer coefficient for the condenser

may be calculated using
f

Ri+ Rz + Rz + Rs (173)

-

[
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13. Total Condenser Heat Transfer Surface Area, A¢

Having determined the corrected number of condenser
transfer units (145), salt water capacity rate (140) and
overall heat transfer rate (173), the total condenser heat

transfer area can be calculated from the NTU expression

CJ'HH‘! (174)

14, Revised Condenser Tube Length

Using the total heat transfer surface area calcu-
lated from Eq. (174) and the total number of condenser
tubes (143), the revised condenser tube length can be deter-

mined from the basic expression
A= NeTdo Ly (Reviszs) (175)

At this time, it is necessary ot iterate the condenser
design until the two values (initial and revised) of the
tube length converge. This iteration may be accomplished by

the COPES routine if the following constraint is defined
LDnFF = Lt (Rev:SED)— Lt(rmrzm.)

Minimization of this difference will cause continual

adjustment of the required tube length, already treated as

a design variable by the optimization code,.

112




15.

Condenser Heat Exchanger Cost Analysis

As indicated in Chapter III, TRW developed sets of
equations to represent the costs of various heat exchanger
component parts for shall diameters ranging from 10-35 feet
and 35-50 feet [Ref. 9].

The following are the TRW component cost equations
for the condensing heat exchanger. Prior equation reference
numbers will be substituted where equalities exist with the

evaporative heat exchanger component cost expressions,

for tube sheet diameter 10-35 feet

Drilling time/tube sheet thickness. (58)
. Thickness of the tube sheet. (59)
. Tube sheet labor cost. (60)
. Tube sheet material cost. (61)
. Tube installation cost. (62)
. Heat exchanger drill cost. (63)
. Ammonia distribution plate and baffles
cost.
Gy = 153000ty N, To (176)
pep = F930x1e Ty Ne T,
. Bustle, flanges, channels and flow
plate cost.
20
4 .
= {185,286 T,
('BFCF {1¢ e Isp (177)
. Tube material cost.
cﬂ«’ (C1 L, +C£)Nt c{c/i.b’ (178)
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where (1 = curve fit of tube material cost
per foot.
¢2 = tube machining cost if required.
. Heat exchanger header cost, (67)

. Water inlet, nozzles and support cost.
Cums = 10106.475 Ty (179)

. Tube welding costs (Titanium tubes). (69)

The sum of the preceding costs would equal the cost

to fabricate one OTEC condenser with a tube sheet diameter
of 10-35 feet (all the preceding component costs have been
adjusted for current pricing at a 10% annual rate of
inflation).

If our analysis is based on a 30-year life-cyvcle

criterion, no adjustments are necessary to any component cOst

equation if titanium tubing is selected. However, using

Al 5052-0, the expense of retubing must be considered to meet

the 30-year life-cycle criterion, as in the cast of the
evaporation. For convenience, and possible subsequent
modification, these considerations are repeated here.

Based upon the utility of Al 5052-0, two complete
condenser retubings will be required to meet the basic 30-year
criterion. This implies Eqs. (62) and (178) must be modified
to reflect the costs of retubing at the 10 and 20 year point

in the cycle.
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. Aluminum tube installation cost.

CATE:CTE [14—(14').)10# (1rl)20] (180)

where L = projected annual inflationary
rate (input by customer).

. Aluminum tube material cost.

10 20
C_ArM:CrM[1f(1+L) +(1+L) J (181)

for tube sheet diameter 35-50 feet.

. Drilling time/tube sheet thickness (58)
. Thickness of the tube sheet. (59)
. Tube sheet labor and material costs
(titanium). (72, 73)
. Tube sheet labor and material costs
\ (aluminum). (74, 75)
. Tube installation cost. (76)
. Tube material cost. (178)
. Heat exchanger shell cost. (77

_ Ammonia distribution plate and
baffles cost.

0979
Cpog = 9825 Ne  td (182)

Bustle, flanges, channels and
flow plate.

2.184
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- (183)
Corer =382.624 T,
. Heat exchange head cost.

[ .43
‘ Chur d39.¢62 TSD (184)
|
|
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. Water inlet, nozzles, and supporters

cost,
1.056
Cins = 453.6 Tsp (185)
. Tube welding cost (titanium tubes). (82)

As indicated previously, the cost to fabricate one
OTEC condenser with a tube sheet diameter of 35 to 50 feet
is equal to the sum of component costs (note, all the
preceding component costs have been adjusted for current
pricing at a 10% annual inflation rate).

For an analysis based on a 30-year life-cycle
criterion, the additional costs for replacing aluminum

tubing must be considered and Eqs. (180) and (181) apply.
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VII. NUMERICAL OPTIMIZATION

A. INTRODUCTION

Nearly all design processes attempt the minimization or
maximization of some parameter or design objective. For
the design to be acceptable, it must satisfy a set of con-
straints which impose limits or bounds on design parameters.

For the stated problem a computer program can be written
to perform the basic analysis of the proposed design. If
any parameters fall outside the prescribed bounds, the design
engineer changes the parameters and re-runs the program. In
effect, the computer code provides the analysis with the
engineering making the actual design decisions.

A logical extension to the computer-aided approach is a
fully automated design, where the computer also makes the
actual design decisions and performs trade-off studies. The
COPES program provides this automated design and trade-off
capability by the use of the optimization program COPES/CONMIN
[Ref. 18]. COPES is an acronym for Control Program for
Engineering Synthesis, and CONMIN is an acronym for CONstrained
function MINimization. Subsequently, a FORTRAN analysis
program simulating a closed-cycle OTEC power system can be
coupled to the COPES program for automated design, using

some basic programming guidelines [Ref. 18].
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B. COPES/CONMIN
There are many numerical optimization schemes available
to the engineer. Methods employed by these schemes fall

into four basic categories: random search, sequential

unconstrained minimization, optimality criteria, and direct

constrained optimization. The optimization program,

selected for automated design analysis of the simulated

OTEC power system, is based upon direct constrained

optimization.

Before any discussion of the optimization technique,
basic definitions are summarized for convenient reference
[Ref. 19]:

Design variables - those parameters which the

( optimization program is per-

mitted to change in order to

3 improve the program,.

Objective function - the parameter which is to be
minimized or maximized during
the optimization process.

. Inequality constraint - one-sided conditions which
must be satisfied for an
acceptable design.

. Equality constraint - condition which must be

equaled for the design to be 7

acceptable.
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Side constraints - upper and lower bounds in a
design variable.

Assuming that the FORTRAN analysis program has been
developed and a particular objective function has been
selected, the general optimization problem can be stated
as [Ref. 20]:

Find the vector of design variables,X , to

Minimize F (X) (186)
Subject to the constraints:

G, (X)<0 j=1,Neen (187)

H;(k) =0 i=1,NEQ (188)

VLB‘é )-(‘éVUB‘ L": 1, NDOV (189)

where X = the vector containing the set of independent

design variables,

F(X) = the objective function to be minimized.
Q%(i) = inequality constraint (NCON is the number
of such constraints).
$ﬁ(i) = equality constraint (NEQ is the number

of such constraints).
VLB;/VUB;= 1ower and upper bounds, respectively,
on the design variables.
If all inequalities of Eqs. (187) and (189) are satisfied,
the design is said to be feasible if any constraint is not

satisfied, the design is infeasible. If the objective function
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is a minimum and the design is feasible, it is said to be
the optimal design.

In order to start the optimization algorithm, the
initial set of design variables,i', must be specified. It
is desirable, but not essential, that the initial design
variables provide a feasible solution. The optimization
algorithm will then proceed in an iterative fashion using

the following relationship

-4t - =4
X‘L :X%+L7<'S
where 4 = the iteration number.
« = scalar quantity which defines the move in the

search direction.

i
]

= vector search direction which will reduce
the objective function (useable direction)
without violating constraints (feasible
direction).

To solve this problem, the optimization program
COPES/CONMIN is used [Ref. 18]. CONMIN uses the Fletcher-
Reeves algorithm for locally unconstrained problems [Ref. 20]
and Zoutendijk's method of feasible directions (modified to
improve efficiency and reliability and to deal with designs
which do not initially satisfy all the constraints) for
locally constrained problems [Ref. 21].

However, CONMIN does not handle equality constraints
directly, but rather by means of penalty parameters. To

achieve this, the objective function is augmented as follows




NEQ

F(x)=F(x)- Kff H, (190)
i

and the equality condition of Eq. (188) is treated as an in-
equality constraint

Hj(X) €0 j=1,NEG
The penalty function approach effectively satisfies the
equality constraint while maintaining the rapid convergence
characteristics of the CONMIN program.

The numerical optimization problems of equations (186)
through (190) are very general, allowing for any number of
design variables and constraints. In assessing the value of
optimization, the automated design provides a very attractive
approach to numerical optimization; however, there are both
advantages and limitations to these techniques [Ref. 20].

Advantages:

Reduction 1in design time.
Systematic design procedure.

Applicable to a wide variety of design variables
and constraints.

Virtually always yields some design improvement.
Not biased by engineering experience.
Requires a minimal amount of man-machine interface.

Limitations:

Computer times may increase dramatically as the
number of design variables increases. A practical
limit imposed by the current state of the art for
most problems is 30 design variables.




Optimization techniques have no stored experience
to draw upon; the validity of the result is
limited to the validity of the analysis program.

. The results of the optimization are as correct
as the analysis program is theoretically precise.

Optimization algorithms used here cannot deal with
discontinuous functions.

The optimization program will not always obtain a
global design optimum and may require restarting

from several different points to acquire reason-

able assurance of obtaining the global optimum.

The analysis program must be properly structured
to couple with the COPES/CONMIN optimization code.

C. DESIGNATED DESIGN VARIABLES, CONSTRAINTS AND OBJECTIVE
FUNCTION

To assist in the interpretation of the enclosed OTEC
power system FORTRAN analysis, the following summary identi-
fies the design variables, constraint functions and objective
function used in the analysis and subsequently operated
upon by the COPES/CONMIN optimization code. These parameters
are all contained in a labeled COMMON block in the computer

code, referred to here as "GLOBAL COMMON.' Specific

GLOBAL COMMON location numbers and upper/lower bounds for
operating parameters summarized below can be located in
Appendix C.

Design Variables

Inner cold pipe diameter

Inner hot pipe diameter
Inner ammonia circ pipe diameter

Inner ammonia re-flux pipe diameter
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Evaporator operating pressure
Condenser operating pressurc

Quter condenser tube diameter

Quter evaporator tube diameter
Evaporator tube length

Condenser tube length

Condenser tube salt water velocity
Cold pipe salt water velocity
Evaporator tube salt water velocity
Hot pipe salt water velocity
Evaporator tube profile pitch ratio

Condenser tube profile pitch ratio

Constraint Functions
Operating system pressure ratio
Upper temperature bound of ammonia
Lower temperature bound of ammonia
Satisfactory enthalpy at state point 5
Satisfactory quality at state point 5
Satisfactory condenser tube length
Internal turbine efficiency
Evaporator tube sheet diameter

Condenser tube sheet diameter

Objective Function

Cost of major power system components
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VIII. CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

1. The use of an analysis code for OTEC power systems
coupled to COPES/CONMIN optimization code provides a power-
ful tool to design an optimum power system for the desired
net electrical output, measured against the objective
function. Such a design could permit construction of higher
capacity systems using the optimized modules as substations
of the total power plant.

2. The analysis code coupled to COPES/CONMIN provides
an excellent vehicle to evaluate proposed designs relative to
a true optimum. Tables 1 through 4 illustrate the result of
preliminary calculations using the analysis code with an
objective function to minimize system cost. From these, the
following conclusions can be drawn concerning horizontally
oriented aluminum (Al1-5052) and titanium-tubed heat exchanger
power systems:

a. The cost/KW output is nearly constant over the
range of optimum designs for both titanium and aluminum tube
heat exchangers.

b. During testing for feasible plant designs in
increments of 5 MW (net) electrical output, it was observed
that a higher megawatt output plant could be achieved with
titanium-tubed heat exchangers than for aluminum (A1-5052).

For titanium-tubed heat exchangers, a 25 MW (net) power
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system is a feasible design; however, aluminum-tubed systems
could not provide a feasible design for the same output.
Titanium tubed plants failed to produce a feasible design
for a 30 MW (net) output power system. In both cases of
infeasible design, the constraint which was consistently
violated was turbine internal efficiency, set at 90% for
current state-of-the-art design.

c. The energy conversion and efficiency of design
of a turbine-generator has a major effect on the overall

system performance as indicated in paragraph b above.

d. The cost/KW output for titanium-tubed heat
exchangers is one third the cost/KW output for aluminum-tubed
heat exchangers using a 30-year life-cycle criterion, with a
10% annual inflation rate and retubing at 10 and 20 year
marks with AL-5052 tubing.

e. Aluminum-tubed heat exchangers have larger tube
bundle volumes, with volumetric differences between aluminum

and titanium varying from 26.1 to 11.8% for evaporators and

23.2 to 7.4% for condensers over the range of net power
levels considered. In both cases volumetric differences
diminish as the system's net electrical output increases to
20 megawatts.

f. COPES/CONMIN has provided optimum designs for
each incremental output power level, By manipulating the
specified design variables, subject to imposed constraints,

COPES/CONMIN has created designs whose geometry and operating
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parameters cannot be scaled on the basis of net power output
(10 MW), Therefore, designs for component geometry at
increasing power levels based upon such simplistic scaling
criteria will not achieve an optimum design with respect to

the cost objective function.

B. RECOMMENDATIONS
1. Evaluate additional objective functions including:
a. Minimize heat exchanger volumes.
b. Minimize parasitic power losses.
c. Maximize thermodynamic efficiency.
d. Maximize net electrical output.

2. Perform a sensitivity analysis on power system design
variables to evaluate their influence on component and system
performance. This allows the designer to prioritize system
components which can provide improvement in the objective
function for a corresponding improvement in component design.

3. Considerahle uncertainties are associated with the
expressions used to estimate component performances (two-phase
pressure drops, film coefficients, etc.). The code should be
tested to determine the sensitivity of system design to these
uncertainties.

4. Expand the code to include the use of enhanced heat
transfer techniques and evaluate the influence of increased

piping friction factors on pumping power requirements.
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5. Evaluate proposed OTEC designs using proposed system
parameter inputs, comparing both the basic analysis and the
optimization output.

6. Select other analytical expressions for heat transfer
coefficients to validate the performance and output of the
existing code.

7. Evaluate the effect of a smaller thermal difference
seen by the power system and its influence on a feasible
design for a specific net electrical output.

8. Evaluate the cost aspects of using variable-pitch
pumps versus fixed-blade for a variable thermal gradient
environment.

9. Evaluate and verify the influence of incremental
improvements (percent) in turbine internal/adiabatic efficiency
with respect to gross and net electrical outputs and compare

with the results reported in Ref. 16.
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INFEASIBLE DESIGN
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APPENDIX A

SAMPLE INPUT DATA FOR OTEC ANALYSIS
EVAPORATCR ~ AURIZUNTAL

TUBE 0.C. 1.090(1N) 25420144
TUBE LENGTH +0.0J0(FT) 12.152(M) |
SW TUBE VEL 6.050LFT/S) 1.329(4/S) |
OPER PRESSURE  130.000(LBF/(2) 0.836(MPA) 3
|
TUBE MATERIAL - TITANIUM
THERMAL CGND(K)  9.530(BTU/HK.FT.7) 16.502(a/4uC)
| TUBE PROFILE = STAGLGZIRED EQJI-LATERAL
PITCH RATID L 50

ENHANCEMENT -~ PLailn TUi3E
CONDENSER - HURIZONTAL

TUBE 0.D. l.0J0(IN) 25.430(4M)
TUBE LENoOTH 56.5C0(FT) 17.221(M)
Sw TUBE VEL 0. 000{FT/S) 1.323({4%)
GPER PRESSURE 89.QCO0(LBF /N2 ] Jeale(vPi)
TUBE MATERIAL - TITanIuM
THERMAL CCND(K) 3.3J0(BTU/HRAFTWF) 164502 (n/M.C)
TUBE PROFILE - STAGGERED EQJI-LATERAL

PITCH RATIY 1.50

ENHANCEMENT - PLAIN TUSBE
SALT WATER HOT PIPE

PIPE [.0. 19.3.00(FT) 5.333(4)
PIPE LENGTH 302.000(FT) I awsd (4)
SW PIPE VEL 4.500(FT/S) 1.3721.4/5)

b Sw [NLET TEMP 30.000(DEG F) 26.50T(VES C)

? SW OSALINITY 35. U/000

SALT WATER COLD PIPE
PIPE [.0. 13.600(FT) Sewla(A
PIPE LENGTH 3090.000(FT) 51e w0 ()
SW PIPE VEL 5.530(FT/S) LeoloiM/s)
SW INLET TEAP 43.020(2Es F) werea (DEG C)
SW SALINITY 35. 97200
\ 150
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AMAONTA CIRC PILPE

PIPE 1.0,
PIPE LENGTH

PIPE T1.D.
PIPE LENGTH

2.000(FT)

153.0C0(FT)
AMMONI A RE-FLUX PIPE

2.000(FT)

50.0CA(FT)

PUMP AND GEN-TURB PERFIRMANCE

EVAP Sw PUMP
EFFICIENCY
COND Sw PUMP
EFFICLENCY
AMMONIA CIRC
EFFICIZNCY

TJURB MECH

MECH

MECH
PUMP
MECH

GEN-TURB EFFICIENCIES
GEN MECHG&GEZLECT

POWER REQUIREMENTS
NET PQWER JUTPUT

35.,90(PLT)

35,00(PCT)

75.30(2CT)

306 501PCT)
¥9.30(°CT)

1ST2R

13TaR

A3T0R

15.020(44)

151

0.6L0(M)
45.,720(4)

DeoluiM)

15.240 (M)

ABL.I 3 PCT)

Q8.22(PCT)

98,J(PCT)

Nt PR W . e




EVAPCRATCR
HT ABSGR3
Sw FLOw

SW TEMP IN

NH3 FLOW

DUTTER DA
WALL TAICK
LENGTH

SA TEMP GUT
37337033.0(LBM/HR)
QPER PRESSURE
EVARP SAT TcHP
OQUTLET TEH4P
QUTLET QJALITY
NH3 PRES3 DRGP
TUBE CHAKACTZRISTICS

MATERIAL ~
YUBE PROFILE ~ STALGERED SQUI-LATERAL
PITCH RAT IO

APPENDIX B

~ HCRIZONTAL
210501 3700.0(3TU/HAY)
334081230.0(L8Y/riR)

80.0C0(DEG F)
73.724{0Ev €1

133.057(LBF/IN2)
73.535(3EG F)
7TJ.514{DES5 F)
32.30(PCTHY
Ve 162(LBF/IN2)

0s922(1IN)
0,02511IN)
2. L32(FT)

TITANIUM

l.*o

ENHANCEMENT - PLAIN TUSE

SW VELSCITY
T AALL(SHELLSIOE]

FILM TEMP

T T e ey

LedaTeCo

EVAP EFFECTIVEWESS
NR OF TRANSFER UNITS

UVL HT CUEF
H{WATER)
H{FQUL I NG}
HIMETAL)
H(AMMUNTA)

DELTA T 3JILING

5.0251{F1/53)
Tlew00{DEG F!
73.99Q(DEw FI
J.952(DE F)
3.757(0EG F)
Qeb6 T
L.093
612.5T(B8TU/HRLFT2.F)
LIL3.S9T(38TJ/HRWFT24F)
3733.54(3TJ/rRFT2.F
+4334 712{0TJ/HRFT2.F)
03344 (3TU/MHR.FT2.F

SAMPLE OTEC ANALYSIS OPTIMIZATION OUTPUT DATA

537«6JUL( Yl

15153590+« d{Ku/HR)

26.267(JEG L)
23.130(0E5 C1

1718519, ){Ka/AR)

3364 33 TLKPA)
2le+3503E5 Qi
21.397(2Es Q1

LeL13(KPA)

2441321 aM)
Je 633 44)
12.357( 4}

1.33704/75)
21e920l0E5 C)
21.651(2Es5 C)

Nes231IES O

3.1943(0€s C)

31430.530 a7 42400
5336.71(n742.C)
21512.93 v/ 42.C)
25339,23( /12,01
232154300 x742.01



——w—-——-——m

AT SURFACE 3724324 J0(FT2) 54178.12(42)
TU3E SHEET 0lA 27.213(rT) 3e274( 1)
TJdT NR OF TUGES S+449,
SW PRESS JRGP 4edol(LBF/IN2) 234033(KPA)
MOISTURE SEPARATIOR-IN>IDE EVAP SHELL
OQPER PRESSURE 129.935(LBF/IN2) 395.372(XPA)
CQUTLET TEMP 70.333(DEG F) 21.296(0EG C)
QUTLET WQUALITY 39.50(PCT)
NH3 PRE>S ORGP Jedlo(LBF/INZ) 2.303({xPA)

CONDENSER = HORIZUNTAL

HT REJECT 13935472896 .J3(3TJ/HR) 567.221( 4a)

SWw FLOW 334871552.0{L34/HR) 151394363.0(K3/4R)
Sw TEMP [N 4J0.000(JEG F) “er++(JEG C)
Sa TEMP OUT 46.055(0EG F) T.393(J)Es C)

NH3 FLCw 3738738.0(L34/HR) 171351 3. 0(&G/HR)

JPER PRES3SURE 03 L5L(LBF/INZ) 53T 7T3L{LKPA)
COND SAT TE4P +3.351(DEG F) J.0e5(0Es5 C)
CUTLET TEMP 439.233(DEG F) 9.377(DEG C)

NH3 PRESS 0ORQP Je206(LBF/INZ) l.423({KPA)

TUBE CHARACTERISTICS
QUTTER DIA Jo9T2(1IN) 24.0d83( 14)
aALL THICK De25(IN) Jeo4cl AM)
LENGTH 27.416(FT) L7.533(1)

MATERIAL - TITANTUA
TUBE PROFILE - STAGGERED EQUI-LATERAL

PITCH RATIG l.40

ENHANCEMENT - PLAILV TUBE

SA4 VELOCITY 6.0L7T(FT/5S) leg3al 4/5)
T wALL(SHAELLSIDE) 43.331(DES F) 9.,073(J€uv C)
FILM TEMP 4d. T85(DEG F) Je325>(VEL C)
DELTA T CGNO J.90T(JEG F) V.504(Jes5 C)
LeMeToDe 5.633(DES F) 3.157(DES C)
COND EFFECTIVENESS J.635
NR OF TRANSFER UNITS l.065

153




CvL HT CQJEF 440433 (3TJ/HR.FT2,F)

2537.13(wW/42.C)
3999.47(n/12.C)
21531le75(a/4%2.C)
2994 1a33(A/¥2,.C)
173567.03(wW/42.C)

)

PIPE 1.0,
PIPE LENGTH
SW PIPE VEL
SW FLOa

SW SALINITY

PIPE 1.0

PIPE LENGTH

SW PIPE VEL

SA FLOMW

SW SALINITY

SW PRESS DROP

H{ wATER) 7044 35(3TU/HR.FT2.F)

A( FOUL ING) 3732.30(3TJ/HR.FT2.7)

H{MAETAL) +393e63(3TU/HRGFT2.F)

H{ AMMCNIA) 3023.05(8TJ/HRWFT2,.F)
HT SURFACE 76219).25(FT2)

TUBE SHEET DIA
TOT NR OF TUBES
SW PRESS OROP

SW INLET TEMP

f Sw PRESS DROP
{ SALT WATER COLD PIPE

SW INLET TE&4P

738039.69( 421
27.194(FT) 3.289( 1)
52179.

3.636(LBF/IN2) 33.30l(KPA)

SALT WATER HQT PIPE

23.0717(FT)
300.000(FT)
4¢53TIFT/S)

Flesd I 4)
leadl(M/3)

334031230.0(LBM/HR) 151535904« HKG/HR)
80.,030(0kES F) 25.667(0EG C)
35. 9/030

Je322{LBF/IN2) 2.217(KPA)
13,622(FT)
3309.900(FT)
5¢334(FT/S)
334871552.3(Ls1/HR)
+0.,0J30(DES F)
354 370309
0.508(LBF/IN2)

5.570("1)
F14.+00(4)
le623(4/5)
151374363+ 3( K6 /HR)
+.t42(JES5 C)

3.3501{(KPA)

AMMONIA CIRC PIPE

PIPE 1.D.
PIPE LENGTH
NH3 FLOwW

PIPE I.D.
PIPE LENGTH
NH3 FLCOw

NH3 PRESS DROP
AMMONIA RE-FLUX CIRC PIPE 9

NH3 PRESS OROP

2.00L{FT) Jeol0( M)
153.0C0(FT) 45.72)( 1)
3783708.0(LBM/HR) 1713319. {KG/HR)

15.033(LBF/IN2) 1J3.050(<PA) ‘

2.000(FT) Jeblu(4)
50.,0C0(FT) 15.24901)
1136612.,0(L89/HR]) 515553+ 3{K3/HR)

7.874{(LBF/IN2) 68.)73({KPA)
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PUMP AuD GEN=TURS PLAF LRMANCE
EVAP Sw PUMP

HEAD PRESS 3.843(FT)

CAPACITY 920259.0l5aL/41%)

EFFICLeNCY MECA  3,5,00(°2CT)
COND 5w PuUMP

HEAD PRESS 2. T53(FT)

CAPACITY 652115, 2{GAL/MIN)

EFFICIENCY MeCH 35.J0(PCT)
AMMONIA CIRC PuUMP

HEAD PRESS 212.32T(FT)

CAPACITY Lalll. 1{3AL /741

cFFICIENCY MECH T75.J0(PCT)
AMMONIA RE-FLJX PuUMP

HEAD PRESS 33.016(FT)

CAPACLTY 21s52.405AL/M1N)

EFFICIENCY H4ECH T75.J3(PCT)
SEN-TURB EFFICIENCIES

GEN MECHGLELECT 16 .6X(PLT)

TURB MeCH 99.30(PCIT)

TURB INTERNAL 39.d3{(PCT)
TURS QUTLET JUALITY 36.77(PCT)

POWER REQUIREMENTS
TURZ~GEN GAOSS 27603.3131(4P)
EFFICIENCY L.JSSES
EVAP Sw PU4P 190+.851(HP)
CUND Sw PUMP 4123.313(HP)
NH3 CIRC PuM?P 5¢L.7L4(HP)
NH3 RE=-FLUX PUAP 29.097(HP)

NET PIWER JUTPUT

PERCENT PARASITIC POWER
THEMODYNAMIC CyYCLe EFFICIENCY

-
L

155

.01 7(M)
2472587, 0 LIT/MIN)
MOTIOR 98,33 PCTH

Fe227( )
2403271« L LIT/MIN)
AGTIR 98,J2(P2CT)

64.,7T17(4)
+53054 L LL T/ 4N}
M0TIR 98,32(PCT)

1le337(4)
Lel27.LULIT/MIN)
M3T3R 38.J3(°2CT)

20,033 (An]
345330 4w)
1.496(MAW)
3.1la30Mw)
0.al2(4n) |
0.022 (14}

——— —— -

15,309 4w)

PRI

4.52(PCT)
2.65(PCT) v

a

-



COST JF CCAPCNENTS
EVAPCRAT(OR
CONDENSER
GEN=TURB INE
GENERATOR
EVAP SW PuMP
COND Sw PUMP
NH3 CIRC PuMp
NH3 RE-FLUX pUMP

CPTIMyY CoST
CO3T PER NET Kw CJTPUT

3d23672.32(DCLLARS)
3067152.2)(D0LLARS)
1578 77£400(D0LLARS)
737205.06 (DOLLARS)
653332494 (00LLARS)
5$52298.06 (DOLLAKS)
136824.94(00LLARS)

04443434 (JQLLARS)

€08+921043)(920LLARS)
134G9.95000NLLARS)
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SAMPLE COPES OPTIMIZATION AND SENSITIVITY ANALYSIS DATA

$BLUCK A |
CCEAN THER
$BLUCK 3
2916916 2
$oLICK ¢ |
51-).\307 5
$BLICK I (F
Jed
JeJd
Jed

Je)
$eLctk © |
1002"‘103
16
$8LICK F
lede lau+20
1.9
ledyleO+29
l.9
laJdy1.0+2)
L.
1.)' 100"2()
1.3
d5e Jsl93.0
d%.J
35.J9148.4
S 735:)
\).3'2.5 -
) Jed

3.572.5
'\)05
10.041l.9¢2
1Jdey
lU Jpl.OfZ
1J.0

ZOJ'LUO\)
2.0

2.‘-)' l\).O
240

2.0910.9
2.0

2e¢J910.0
249

le+9 3.9
10‘0

10“03.0
Lo
$8LUCK o |
l'L' 103 1

2'2'1.0
2

3’}'100
3

‘00401.0
. &

5'9'1.\)
5

o d S

-

T o=t
A e
Cr—
AT
>

G

INTESER

@]

)y

=mo
O~ Qg.X
C T 0O<C

NRODESTON VARWZIESIS

Led+23
LeJ#+20
leJ¢2¢
1.3+423
l4d.V
148.0
2.5
245
1.3+29
1.3%2)
lued
10.90
1J.0
10.0
3.0

3.0
SIoN VARIABLE

1
2
3

Z -

APPENDIX C

— D

CONTRUL PARAMETERS)

J 5
LOATING PT CPT PRCS PARAMETERS)

27 o
DESION VARIABLE 3OJHJ5’I4IT vaLJes

IDENT)

l.3
Lo

L.)
leJ
[

TEC) POWER S5YSTEA
RS}

D NT ANO SIL

SCALE FACTCR)




6'0'103

o} 9
TeTsla0

7 7
8'8’100
. 3 3
99J9le0

) a
10,13, 160

10 lu
11,411,119

11 11
12,12¢169

12 12
13,13,1.0

13 13
l4y1l491.0

14 14
1541541 .4

15 15
16,416 «Jd

L5 . 16
gBLUCK H (MR 3SF CONSTRAINED

Ji

$BL3CK I (CO
17

17
1490.073i10-0
18,20 )

13
Col'\).\)' 1-0*2090-0
21,23 )

21 23
00’000'100*201300

Qe JeU
24

24
30.'0.0'?0.10.)
25,26 ’5
10692409 1.0+23,40.

1J
P8LOCK P (S:N)lTI
2743

27
19203449546

0.0
20
1.0

1.3

<C.JO C
— [V .

1.0+
Y QbJECT

71399, 0119121

Vol o4

L7

l

21,42123 24v239260

15
22

Ul -
NNO‘CDONCO -~ o O

>~

23

3.

+2)

+20

—N

I'll

S)
3,1

3
11
13
27

3
16
24

METERS)

NSTRAINT [OJENT AND 30QuUNDS)

0.0

(VRN

Oed

12
20

$8LOCK Q (SENSITIVITY VARIABLE 30JuUNVLS)

lyo
1 6
180!10.015.11809200’250
13. 10.
290
2 6
180'100915.'130'20.'25.
13. 1J.
3,6

12.

15,

158

1d.

13,

4915,16, 17 18,13,

23,

20.

25.

25.




o]

3
2.’0;5'10'&0’30'40
2e J

*
“490

&4
2..).5'10!20'3014- _
2e Qed

[0 AN T

5,6

5 6
13049128¢912%9¢+130e,131.4132,
130. 128. 12

645 o
89.,57.o88.169.’90-’91a
39. 37,
Teo
T
l.,oSlo?i'lolLoZS’l

8y

o

U

3
1.'05’.75’1-'1025'
3,5 5
40.'30.'35-940.'450'50.

4 3‘.
10,5

4] 5

55. 145._’?0.,55.'603105.

55 45.
11,6

o —
O wie U0 e O
wn

L1 5
7.'50'6.%7-180790
12,0

1 6
9e920103e1%a15e16.

“*e 20
13,06

i 13 5
7.,3.'6.17.,30'90

7. 5
14,6

+ o}
4-'2-13.’4-'50’6.

*e .

15,5

15 5
loo’Loq'lloslloo'l.-"loa

1.6 l.4
16,6

16 _ 6
1.0'1-49L.b’l06'lo7'103

1.4

END

1.6

Le

le

33.

o715

75

159

<e

13)J.

83,

l.

4J.

55.

3e 4,
3. b,
131, L32.
30. 31.
1.25 1.5
l.25 1.5
45, 50.
50 65.
3. 9,
S5 Se
3. G.
5. €.
L.7 lL.93
1.7 1.3




ED-CYCLE

NOMENCL ATURE

o liafelolololololelvlslsTolololulololet ot olololo o lolo ol oo ol ol o lol=)
YNPRS00 NUDA N F 0N O N N O CC omd O\ ot (0 (10 Yt o A E A S
O Qe QO O © O O (1) ot i P et et O () A COVD OV F D Q0 9t P 00 - U0 O e (1) P ()
T ET P F U F OO N T oF ot 0 b et OGN D N O 0t L e ot ol (N O b AL N
(elolelelalolelollolzl==l=]=lo]elolololols lolaY-tolo oo ot oo o te Lot =)
DODODDODIDDIIDDDIDDIDDDIDHDIDIDIDIDIHSIDIDHSS
a&aaa&&aaaaamaaa&amamuamaam&ummaaaama
LZZIZ2TZTZITZIZZ2ZITIZZZIZZZIZZZZZZZZZZ2ZZZ
- —_—
[ (d - —
'S W ZZ ~N -
o W, et bavd -4 - ~N -
L. r 4 ] ~— L * 2 9
o ot T ¥ ~ N - =, W
[ aadand VAL VY] WO LLivt L o - (7]
W i DX = (D) ol - e A - b .
WNDOVVD ~TX ~E V) Ve @ N
A fm et 22 N e W QO o Z -l [ oud
e T - Q= O «an - — 'S
e d e D ol ) ol T xZ ~SOW N Z -
WU DANIw I JZ aAw v Juuw W Q X
NN W G - Qe O 4 o w e
QUOD OUEFNIZTm™ NW @~ Qe o [ P
T 2O et e O Lonrmr Uil Q -~
=ttt (e 2 2l LI WL WD A S LT TR I - &
DO QOWWW DOO e NAwThoWNO oo w W
DD IO XA DI D™ w o DU wem QU O X -
[adad =L G~ A T DU TNA QAT = omwr @ =S

w oW w» e - DW= OO0 OZOo0Aa9 QWL D im
- QA I R D N =NZNJIOW LD w Xh b
A2 CAVZOC Lt hmen U JL AQ WL Owben

S>2q_yolus X mamlbNQUOUW ZwZUd I O WZ e Jpe N

QaTwaTU oAk
Z4Z T2 )1 2029
O>WOZWWOZO>m
QI WIS LU me YLD
~e) el
N ZUINAU S -
NANQIND  dININLY
QOUI WX e~
VWO Zn DZu.nnZ
QW QIO [*

hrrerbe 20 | 2OV I IULSZ ODWLLVNOO
LT QZTNZ D W O - O
Nl wOQ QW= QU I ZQ J~ZW WO I
WS UODT < =AW Z0mOu=OWw Nl
~wQOLUW DUNUOAC ACOVUVD sEOMAlW
) W ) UZ Owet N LST
b L9000 oW 00X Adu.<d o wWwww
NI ZZZ0E ~w&zu0&0w21:
e Zhe TLLULZ LN e T D Wl Z e b
D ZOWILW e VIDAQ Awra WETCO
QX XFTNY Ak QUEMG OWX

(=] oT
b W 2J<hhg:og¢m<<kmuxccu Ol XXOOW
el

Winy  Udmeat W)

WWZmWZT DI WWOOVOE WWINOZW? MOl U

LI UL IO IDWS
retl, L

(o} WO )

ZZmNZrm ZAZZTONET WWOO AWZOTVWLA JUTLZ T«
ottt N e L eSO S A JONUZT P S OO SJCUW
b I e D2 AW e DNV ODU UL U NN ZAO OUW D>LTue TWikixX
S0 20d UDDW IO L oL Z o WML ZE>TW

Q0x ZDONLIQTN b ZIDISDONVNIE WOUWVL < Qe - 4
XADUIAD WL XL Dl WY UL TOILLT e A =il
DDODZ DWW o D DU O X WItN [ QZZ ITOAUAWANL NUCN
DIN=DINRUIDIDD WWNZW _IN=QA ) W =a UV nOgnWZ
VN = DWW s NNNZUD DN d LAV | Z0Z2W £ZTWw

12D = b ¢ ZZUOr b D= NFPLIDONUEEDe W A
11 Ot QX | | COWWRAZNOODWOOO>URXOA-OZN00A 2
—~l AW WANQOAZO ke T OOW =WU2Z Z0QZZ43

el Dt LA e mem D0 Z 2D

| Q1 QULAO>L
QoW Gt i L

QUWOIWOD> DWW 1l [ LOW
0QQVOQW |1 CQA Y 1 OY ¢ LW e LB B | {
QO Ok Q0 1 | KWL LOOOWU>A | O | 110
b | e | e | QO | Y WOAQIZEZODUWNIUTE w O O
-——l) e P LU O L b DVA O VL O e WL, O WIN

QL WML == O, 8. Che =N LI L AL DOV OWWIIL b kDI T T
<<<4<<<<<<<mmuuouuuuuuuuuuuuuuuouuuuuu

QUUUUIQLLOPULLRVLVLVVLWVLLLVVLWOLWLUULUOLOLOUULLIVUIY

160




jelojelololeldlololalololeolololalalslololololol o olol o o)
OV~ OQUNX PO O DD =t QP D OM OO P gD
=HOOVODVONNNCNNONOAITPRTCIPRNMNNNO S

00O NOCOOOCOOCOCO
DTN O P NONM = DO QU= O
O et NN G DT =N N OO N\ g et
Dt Q et (N Q) =400 0O O et (N MY\ D O ot
[=lelolelelels lololelelolololololololo]
2DDDDODIDIDDDDDIDD2DDODD
adaacaagsadadaasdadaaaa
ZEZ22Z2LT222I2T22222Z2Z

22D22322D052D220323222D2D0252D252D0232D25>
daadaaacaadaasaacadaaaasacdsadasaosd
Z222ZT22Z2Z2TZIZT2ZTZ2ZIZT2ZZTZTI2ZTZZZ

Tyl

-

-2
— T
D>
—0~

-
DN

[l

@ 3D O~ U

Y 4 i e

IO~ U s
sweND oI

A O bmem L T

IZ s DD Lwd

ot O e e 3
RITUDOVZ =~
N INZ A =
CYxuw~IXw »w
WHOX e =¥
M mwyD A=

-

e b

L 3
Ix

[¢ < 53]

-l d
S o
202
——uZ
DO &

w = D

w wWZ D

Q [k S -]

b=

Zr-w D«

= W Z OO b vt o

Tl =OQZZ~
- (O™ wrOemll, i)
(¥, BNV, ] Mt e YA Fww ¢ pobmr)
L = Tl WISTOY <l
AP ZU U =IO WU U,
w22 WLWZU = ¢TTWUL OV = DETATOL
DA DO dNWE QUWW | D= =Nimrewr b JX0O
O == ZUZYIXdooulOlduR— o ZE aQOQ
ADX AN OW | mill e Jetrt Dl = OO JONITRU
QU= OV TITONUWUW XTI ZZ YT 0N -4
Q@ WheDOW | Wd QwDmmOWDIPIO0N0Q0 g Emmmal) o W=
EXRNZr= W ZON DOt Qbe e QI Z QD - CORWOO XTI LU D o e

EE(DEG £l
TO CENTER(INZ)

CENTER(IN)
FEREN
DEG C
HR.F)

W

N
Al @O =C
X TZOX ¢
ik D N A

MENTUM(LBF/IN2)

MPERATURE(DEG F)

-l A0ZoA
W IT el 2
TWw owo
NDOZe 2 =0
DZ =0«
At ZE O
w TS o
OITOWOW >
ZUul T Obi=
L e Y
ITXSO0WOW
Ot —tlU,
XU S Z<aa U

MOPUPKICZUDZrtmi NOWLLZ Z W) = DRI LW I
A COW e dV=OULA waAl OIS I XXLDIDDD =TT}
LEZOXVNFED T QNN e JZ2 CNOOO0 et be X i<t
QI Q20 mN=Z2TOWZ g el OOl b U e et O e W13 B
W WOWLVI WAWLICWIEZNm OO aQaldwowrc
—X W WANAZW QAU IVNUNZE ey WSS <UD W
VW X XWWEBL VL LU= A NG JOLOVO D> D O>T JTT =0
AN >0 W0 CLOWW o0 ZLASZZZ2uunin v -
Lot Dot pobee U WX O ZZ LWt d T oI LI - g
W Z e QU b Qe ZQ, U roem b= C@ o O b o b s b e oo L UL UL bt
Z0QmZC WU Q™ b= e U DU ke WDV AN NN N QLI Z\W
OEZ il b IO W e W O D Db o = OV Dttt et bt st ettt Y T T C 00
STOC Y DZ VNTDOWWOODZW DZDL4NVNUNVINNNWIRDIANTE D

TAONTP Qv s cﬁrn¢¢O~uuh~htmwwmmwwm -
Lare O = wo VOV~ VDM Yoo tWolla
=@ WA W) WLl g~ =~D O ::xawmmmmm wowo £
IV NEPFZNALOOAWURWWD DX mIENIUILIKE ZUWQWD wd J o)~ dad O DNDUW
W Z Wi N T O —_A WAV NesAWWL NNIUNDINDILLLLLILZ = 2O
TODWDPQO TN XAl ZZ eri) Vem | | ZZ2VNQZ=Z=ITXTITTITWL W x

DAZCAA VL A=l | 200 Ww | 2W W X axoa da et
A +#=Z0AdI FNOOO £ODaxNa Wwde=00000a D0 WWWWULWHZI2InO
g OVID) QUE IO ZZ2WITINaNADUOWUZZwUZIZSTIITITIIITIONO>OZ
SOV VWXV H00VAO> e Z2NWX X000 D O>O>hhhhhhbhuuuwuo

wao Oogaw

WWZ ) = 1 20T OO 1 1WO Jauuauuwum

>0 1 [N | | | WOt | oD 78 llllllltlllll
[ IS | ! al iy 11 O [oad 20 I T - 4 I BN I |

1 O0QUW J1ax U P Z OO | (I e Iw LWOLOLWWIWW QW QWD

W | ie=ZPZT AODO)TEL WO TT T T Bl &UWUUANmmdemJJ?txd
N TXrimQBI T ZZ0 YN ddZ T NNNNNNYELYL L L TXF L XL XXX LT NNNANMNDX
I rJudS I I ZZZ2Z000000080.00.0.00.Q LAV et b b e b o o o b o o o b oo b fo o
LOUOLLLVLLLLLLLLLLLLLUVLLVLLLLVLLLVLLLWLULLLVLOVOLLLLLLOLW

LVLWOLLLLLVLLVLLULLLVLLLLLLLLLLLLLYLLLLLLLLLLVLWLLLLLY

161




[ololalelelelololelolelololollololvlolololololslelolelolololololelalolslol olefelvldlololelal ol o]
VNN EFOOALND AR et NP OO XD NMR LR CNMDC P OO i N NN O
TNV LNt FNTOON Nt Pt OMO DT NN ONDF PO QN O N QUOOND Pt O
AN N = QAN 0 OO0 M Tt NN Ol et VNI O NO QO NINM NN AN M AN MO D0 O
elelolololololvlololololololelololololelolaicinlolalelolslolelolololololololo folololalTololot=]
2DDODDD=T DT SIOODIIODDDDIDIDSIDIDDDIDIDDIODOIDIDIDIDIODODIDDIDIDIIODT
aaaasaadaadcaadansacanaasadacasalascaaacscacaacaccdacans
ZRZZELZIZZITZTZZ2ITIZTZIZZIZ2ZIZIZIZIZIZIZZ22Z222ZT2 T2 222222 2TZ

a

X - -— -

e W ~N - '8 -y

P - T — N 'S Nz

- O N N O\ -4 N - Z

Bl Z 2N2 — al g o -
— ey —l ~ ~TW Z LY N
- - O [V ] - U OO o=
- Vel = i — O O = -~ ey
U OVNXYiM NZOwD VLW o ~-TT b N2
OQw o Z=dd>od ~ L oY - ) e\
Qen QOO o it | o ow o oo X~ QAFRQD b wd NN
W VN U ANUL NN o 2 WUoomwe  NUNNWIWL
Q X TUWO UL OU JUZ [ Qc>h& Waim ~—TH LW D
—-—eh b= DNYED U I WwoJ —— L et - ~F XU O O
S 7T ] CDESNZwr Jwrmt QNN mng NNL L DXL =& bl JOZ
X Al VNWUVeNO~CWL T OO emOM T FTU WV PN
o T AAWULID=NN NID 20 —_etNAL b= NNMAT o el el
[ X7} DAY ZwstWIN>> T -D> L NIZ VN NE~=ETZJ Wo e
<L e NDHQOZ NN el b Q LODDODZT FWZT = = Za9D - O N
[~ 251 N2V DN0O =X IV Ok - =D <X - e D WA, O
WZm O p=g Q<A dDw [ WO oo e 0D Z ZW O «Lud - g}

adw Zwu v v ZIOWV [ Wrstrsibmw) ¢ >EZF H DE ¢ =mIDA QX
T w g Z00Nw ZWO v ) OO s LUV AW~ Lt (Y, Nt Z >

W ke VLW «2000,- 0 W OUWmilUwNUO ¢ JOW = sm e sl _JOO
) AN N O e Wd O WarQw QX d XL =N W JUIL T
Qe JITEER Tt e s > ) AdQANY=ZO0VNI0 XTI d=uUj~ ol ¢ ZQEIDID 1 X~
4wun4~b><0humhbh @ VY LU 1L st b e L) L IO bmbe U N QL N st O (Dt QL . DY
—_rINWW Qe = DO DO X X T OTU X Uk o =
<OQPNO®&W N0 D NV ND=OUW N QW Z=OWOZ wowaa O
=202 WOXWLZSNOC O T FOIITWOA ZUWUTU 2000000
—OZ MUZNZ L W Ok T QAOrm e dLX W) £ W e T T
WNOQL *NVWND QWOWER Nl ZX Ji=N> OOZ=<o0Za ZaZVOa0 ww
QXad Pe=ZWOOVZD JuW Fx=IdUcWUWIOWRL WW=~OQQC T e =) wda
el OWWIL T IOZ~OXZ 40 XX AODOO0 JOC TadCrmetumO OXDJWANASDD i~
NOUXZ J I = —@ N Z =) Dl 478 x -lXNw Qo= 2 JWUxwno a
—ZZUWLWLODV - QXA AW Wi WL Wi QAU LIDW
U Qe DX O D= WOW =Y NMUTETF=00MX O WOwlLWUw . OuLduvunawunne
WwoMm J Ue D = VA WXLJIMWW IO W= ZOWOO | wmauno i
T DU E=WNZ o) =Q JOZT e OIIZZ2ZNT det ONZ2 Z wwZLUZXW OJ0
NZ e BWWLOVVOXZOOWLA =~ OO I ZoAZ 00>V w ~ZZZmOXO0X U O
o b ZUgmeuii— D A O e Qe D DU Qw=QO™ A X W
X UCIWWXX NN QD TR LLNWANAN NOF-Qbelle = NN OxxxX =X
WU IxQAQZrd JreClbOQZOoXdLAaZ DDANUNGCE =YX WODDV
NELAND D WWOXwnmOoQ oo W WO W ey X=wZWll v
ZWZr oL L>Q0DWOT O QQAQAD>Y> J>OCWOOAW=WZ >O>A QW]
WY <CZ0LIdZZ2ann Qe QO mmZIZZO0IZX LN SODO0ZTZANZUWG
Q206 >0Vt O DNN T L mips bttt e ke D D Q Qb QD= NQAOAT ZEOTOD DL
ZQZAWLDQOVLWHWOVNNIED = LI WOV RO L NOSIC IO =0FX UCWWTVALD

Qua> - & - L {4 ¢ 8.°4.'4 L= 12D Quowda w o
O Wil 1 1 tta 1Y o Tt 120 (1100 T [ =T A |
| 1 ] ! ! (I} W ) {20 ] L}
| FITWO QO QOWI X t QWO VO I | I VWil | Qee>

Q N b QQ UL Wk Q) MEACOW aAd 1ot o uﬂmmzz WO
NNUWZZ!!ZZI%UZUU@&UIhbbhhh><<I <L TZAALAA T ETOT dJan
TRER =~ ) SO OO OUWD D b daddded ddd > AWZEOO LT ZZZZ OO WLl
pepmbee T EDOWW WO O UINS UL W U U WU U WL Ul T T et et ety it et st Q. A A QL QL O
BIETSIS SIS alalalalalelalalelalalelalclelalclolalslale]alalis]alslelala s lelelalela oo o le o]

LOLULLLLLLYLLVLLLVULLLLVLLULVLLVLVVLOLLLLLLLLLLLLLWLLVLOWL

162




COO00OCOCOOOCOOO0OOLNOCOTOOOTOOOCOOON NOCOOQCOCD
TR OTUNMOITVOCANNTIN=NNDOCO=C et PPN~ T~0DNO NFNO TN
AN OOV O=COMN OO I mdrd OOt N\ md P P b Qmmife P P fe UM AR O N CONN O
NQEOFTNONONNQNNANOV OO ORVCVONNOOVOUNNINNNNG PNt NN T edemd F SN
olslelelolelolvlelololelololololololviololalololo lelalololelslololvioleloBiolole lololelol ol o le)
DOIDDDIDODDDIDIOIDIDDDHIDDIDDIDDDDDIDIDDDIDIDIDIDD DIIDIDDDDODD
acaaccacacacaaagsacsocgnacacaastantcoand acocacaacaa
222222222 ZILITZZTXZZITZZZIZZIZZZZ2ZI2ZZ 22TZTZZZ222

-— -
- g o~ -
NZ =~ Z z
= a0\ —y - - —
- otz Ny, - - N (W] ~
[V I NV WO ~NZ w >4
- N - QzZz & - - (%, ] uw
- Nt 0L p— ) — o~ [a]a] ~ -
- 0N N ol - S Z ZZ - - NZ
N Z U e U UL@ew e s W w 2w
E O QAdw( W DN N Z Z 00~ ~ —
bt s S, U WQI= Voo e Z . L OU U QT W -~
L B - 4V - 4 Nl TSI Nw Lo Q=LA NN [RE] g [Velws]
CNSULANO e JNET WIZ~ ONAT QANQAIXZZTETOODOT Wi
AZNDOY I NE T il WL b Y QWL X v WU U~ Z X D =
Wrt 2 e Z e ANNLIE WL =™ N= WIS NS Ti=e=Q0QWS St -
Nt e S AVV NN N DU X U e NN ZA N T A JNO e e NN [ d V1 S
NNV Wk N A O DN m Z0C ke e O vt (N D DY d D O | et and
= DU Wt At (L ettt A S N DN Ll Dt et 21U 'Q'-‘OZZUUN/,P—O-GUJZ xZ Ww
~_ JONZAZNZZ0 DNUNNwIN 2 XQAQCZ DO - DWWV
Zw dNDODADD I WENIOWVZD =~DXxDw UIQQQO 3 N QN
DN ol - Q XA CT DD =N D X 0o =TEZZUWr -~ &ID
[TV, o s Xl XA W L= emellLNU Dy WL W WNEWZ-

=AU i) ¢ A T 0l OUmI) oQbe i b DA A= =0T
MNNZ X s 2 NXNAT A XD O sVOXTY shNwelld XX UTUL~g<ULA O
NONONIDINNVINZO TOATWIOAW=Y) <LATNW TUWUEXOA~INZN\NA U~ DU
A A O waodaZdDxunuwax W N O LT UUM e Zydwla> O
Q AN J000dmaA DADNITI=UCle T +dNCO = WA X WU sebmlUW>Foewn
Z OFelbe e Z > wa, Vi Q. - O vt L e - AQZZAQ0Zn X W W
O & W SWOWA wura W OASZyY WAWWIDIIWWTZWUL O S Uil
O=QxTAaZAa0VY Zo~wa UaTrZoaXySXCarodquom WWWOWNIL D=2
Qim0 AOW ArQAl e 20=IZZ2OWE WD T Ot e =TI
—_Q il G A A UTO WO A=A AT IOV e L= e =—NOZ0 W
AL=OWAQAL EFUWao OO QX w wma FIOVIV NVVWWUKR-WOZOJIoCD
D= OmOdaa J-rQ0 ) =EDddaa g - Quiuw ROUID O UL W N
Lt O ==QOkD _JOODOwm =0 —<IX<gC W DTxX - ZUW | Ceng
v wauw W DCLOSUOIN ZD92 UW2Z=IDZULIWLD=0Q0uwUdr- WO wgng
Ow OLVOOWUWLEONCL T COLALOQZ WSO LU UL LD UL ZTWUW - W
AW o TOON 2 TLOXZTxIC TCUA ~ = [s LT TEY. ol dH ot TT. o]
ZmiQ O X wZ X e UUZBTNENE =T =T FZFTT I\ WZEZWU OO0 weoQdaDuJd O
a—Icuc<zzwaom m -u«uczc<zwmooc:zzz - 4 D b NV
— A =Qed QO LA™ Ot L " b et 0 st g St L) LI AL e UL B U, 2t e
wa xXwn mx~~z~m¢cmo e £-& {1% 0 4 WNEN = J L L= N T OO0 &
LY NLILIELDINWm X0 QO G=D=ONEOIOO0XEXY —SXEDD2wIDHXZO=XOxXO
WO Weill XX W o emeZ )2 oW JWWOHUWOWO s i J JUS IOt O T Ui~
SOOI I>ZDULWUMNRDOD 0 +AZDJULCLWDULAQLIDOADIZENNOCQX O OTX N
s QZOZ 1 >20Z22020a4d0E | T I DZ I ZXNZ2LCZmAQIZIZNNZ I NIDX0OWY Zo
O R=eOFOWZZZ2=0Z0<L> I FUTWZOWIS=0>04 0000 0VAaX=0a 0 Yo
LANOLZVEOO~IVOLVDWUTIXIXCLXALQUWWLLAALLAIIVZIO agadgla.
- < uut O W« (S} ¥ e <L QO aad<>e»IZa
[ | It 1 | | [ | [ ll|m>|!|||uc<<>m o>
1 I | | | | | | Qw DWW | Qw
WOE O I uwu Q QL ¥ao QUEL VYo —_ O | WU )
DWWIT22Z200Z20000Ww2ZZ2MXOO0CWeIIadd | jadaad m I qQw
AAAA0AAA U —ZAAAAAAAT T XX ZT T WWDD ETTETETTOT I I wun
ittt ettt et . Y Y YT LT RN 222220 ~OQUUWOLWWWIW WL IZ LLXgqow
AQOAAACAAQGAARALALA(AAAAACSAR AL NIV i e o b o e e SN LR OQ
ANCAOCACAOACANANARNCOOALAQQRACONOOALCANNQAWUIWWWW UL

LLLLLVVLVLLLLOLLLLVLLLVLLLLLVOLLLLWLLLOLLLVLLLLLLOLLW

163

‘t




elolaleololelelololulelolololelslofolvlolelolololelelololololofolalololololelol olole ool oo la] o

2=
asacadcaaddcacascdaacacdaccantaasccacadanssaasadaasacasancacs
CZZZT22222222TTTTT2ZIT T2 222 LITTIIZTIZIZIZ2ZZIZ

- -~
~N - d -
— oy — - b L (g
Q ~ ~ o~ X~ (8] 'S
a TN x b4 WZ~ a ~
- s o] W - - [T I S [« A
N> - oo 18 -~ - Zwwl > S -
48] - ] - 2 - U - - Weora W -
-~z - < uw (L] O o QO = Qe Z g a
N qmF o~ &) w -~ QA 4 a -2 W XL -
- U - T A IO 13} ov I - - - OV = L- QI
e (0 L) L ao L~ QD > X > e UWZ O = a Q
b o e OFTUWEr oo Wk =~ a O D O > QU w Z W 2 -
il WOy O Owl) F e Z jwem = Q) o = W = N W I
X~ U OO+t o ~Zna O > W Z= W ZF WoU b - ~- g
weEow WY Ol W Tlbew O QO = Wi = W ke W O W O T
e UL ot WO WORAF YD w Z O Twld = Z WL —t O ——t
Wi b S () ot e QAITZN-WZ2Z0O > W = OnNdm O WEWL o R=JdDNL O
-l g —_A w WLAOUWDZ O ™~ W TADUL s OUW € Sg=2W W
e 2= 18] NORA NEUVWUL W Z Qaibe WWUL WL e aQeaXZviesu O
Ut Yt EZZZra =) o<Lrms omms W = JWI IO Z W W W2 ) =mtes -
- O D=WOWA = WO = U COTx WAL Z T OOUS D=

VI QUi = = m =ZU0AD e O WEXEXTxOO DOV ELTOWIT DA IO
[ Q=Q U ILALDOD UL = UmnO=OQDUbd= _Jjdi= s w=C DOCZ
[TV RST.RITENT- § 2Ln) ST P ¢ Y bded QOO D OaT W20V Qe X1y
Z2WUC JLUL OUL VLD UO~E A XDOWCILIXULUOWA XV LU= ZOCWILWA Ve  Zwte
TZZ>WE ZULZULUWLWWN «OZm e FTUTOOTEADAC =ZT¥wQUWIITOTO A IO
QL2 =ZWWIIW O UQ el Yt e w3t <t FUL e Qe wott)lL) <f LU Wirm
DT WOOM v e OW DXOQUXVOMAXWI=ZTUSCOT wWMAaKJIZWwaoudu
CLOITY WmZOUZOWOAE +AWUFmWOWNITIIY DOVWIwmZILY DmWd Wl
X DO AOr i Pl =0 TOO0R0 ZDZUWJ WOURWW Z2ZUW>JgdaTaw
= L O UL da =D W=D - QwlAraFCOxy~-w oOuwataal=— W o
LEO DO L U QORoD0wWww OFWSW W W OFTW TTW Wak=-XdWke-w
e JOUSLWWLWWLIWLY O = A IO X Pdalad Q=) X aV0aIZWZ
DL LJW2WH, 0 OULCWWesWwd LWTWAWUALIDWLOUCVTUAWTWOAWL DU W »= =
- W< 2020w ZT «Z0D X Q=W ZD T Vo CLJOWbLWwWmnu o
OW WU Usebmbm AL TOROC ALDLOY WL LWidAWDU= U W DU JIJXOCox
mcmmuocw w FOO=O=WZ OADXZ2 I ZWhaX DOaOWREZ | ZDUWr—~D_ D
DO T CWW DSWwneTIo= l=1 T S ] o TN QWO Ou=Z =
<WZWZZW¢O¢WWbZOIJh et NZ B2t O NZIBZ wiQrex= OO0 O
Cdlimg Q& WO N0 v VW L OO0 VN VNXOAIX L~
wgm<m~am<m:zz~ o WO Wre =X AENCIOUWI~ =g CELIAXO=D>A DG
AWOTONWZEZOA LN WA WIS el = QL DU QNI Ut L b= L Y- 44
DA TWOW | mWwy >~ I T2 AL = Z > T D>LLA T
ANV | QWNODADADLUWD>O AZo0W=WQOZOZa QWA limui=dQZ0ZxO0dCDE DU
H0XED> ZFL42LTET > g SDADFOXTIED >DADakOXOFOOADDWZ
QOLJTIWZ2a.0>0>=aAZ0LOoW>00Z ZITVITO0EIOZ ZWITULUTLVAdW=ZOZ
D Z Wi Z20COQWOW <OWJOZN L0 & LD LO=O> o a€ aG> W O

QOT wo> | >0 |Ouou to - zoucu L a>wro
CONIQ Wit W <K<TH I [ S | | 1w [
- u | Qo I f | l O VU Q fuway
[} 1 QWOWL | 1 X=-QO ) 1 M o | I =ZnMex | ow va
W QO OO0 QO N O OTETELTTIMND U OCOITITIT Waoxaadd

AVW AL L LU A O TFOOWWZZ2ZOT-OOWW LWL ZZZZYNadx o0
COQOWWWR WU bt e el Tl JJ@= I T IITTEIZITA0AAQAAAAAAA L N b -
L LU L G i L L L L U Lo 1 L L0 U U U0 U L L L U LT ) LI U U U L WL U ) U U (UL WUy W WU

LLLLLVLLLVLLLLLLLLLLLWOLLOLLLLLLLLLLLLLLLLLLULLVLLLOLW

164




R ——

[~]lelelolelolalololololelelelololelelolwlslololofololololelolelolelrlolololv ol ool olololale foTal
COPVODNOTFNNONONPNODVNR NG O~ ONQ et O PO PO NN P O
CON QM= FNOON N A TONOORT T ITONNONOROP TP ~OUN DD O T~
ST NQMNMO VNN ONNO N ANNC OO MNMMNN N NN AN N O N O N N NI NOWNLN
[alelololelololelolololololololololelololelololelololololelololololrlol=lelslolololelololalmle o)
DOOODDODIDOIDDIDIDDIDDIDIDIDDIDDIDITIDDIIDDIDIDIDI=DDIODDD=2D
atcaacaascaasaaaasqaacadcaaccaccacasasacaqacsadaaqocnaacsaann
2222ZTZZ2IZ2ZT 2222222222222 Z2LAZITZIIZTL22I2LT22TT2Z

- - -— -—
4 - Ten e T T8
[&] QI X o . :
-— w - JB - N
| w e R i [T O
W ] DN DN D e WU .
~— -~ ~ D =D ONon Com  omomy i
[ XX, - - < - Dhe @O @ —OO IX
I Il o < —ill w - =@ = s WL oL =D
- L) SN T T 22Z ~ - Mwedew Z TF sNNNITII !
0 - WO N N O~ T £ N ¢ = O@ LEDITONN ’
- wi XY O O o a 0D = @Ok d dad ITNFENLDD
-\l p = ~—w— Y X Tx ] N Al dArr NN NTORN |- !
W wZ N e e g™ ~— S AN A OXDIDITDww—00
DO 2 & b N X - < D W Dw D b e ND Ve o s
Ollewrms OO Z Swart p=xe X W bl O DD D P
WOWVEe =P i w27 i Tew D> o< M The el jow S o o N S bomad St bt s St bt
Quepe ettt A ZDD 2N\Z~T Jw < - gwind DAL DIOZIZNZZ
e DU O S DETEDLDUD ANeonuNhe TN Dt e 209D OO0
WEZD=EDAAWT ¢ o D T I = z v V¥ QOBZZ0m O =»=TX
DDt AT v T o) e illi® Qemamie Dl e awOQw ) sl s XX
e il () QX< ¢ N XWX AT T d LA ST ONTT D - dg
el olf i OAQA WVNEI ol oD -d LoD ~\ < L. 4. .} ITXad o2
—~ Lt ZOU WD O DN OWe | ddiiDd W] eI JU NN
Xy OZ2ZNJUO0W < W) WNN o emaa SO A, < «<0OQ
LWwa Q=20 OO0 emwOX MU A W WIADICEZ~IZ D= TFJOTXOACRAA
aax AVWOD T Wit jafee et OF o b b et (O 22 e (O 2 e L L et g o (/Y e <L P () <L <L
-TUOOw~ O A AfMNg= T a4aTAD LOAONIIONTEODL=JdJZ > >>
DW= ZAOZEZIX TT AL X0 D ~— NTY TITT-wulla W DO I
b — ZO0VN>VNLIZIZEVLI LU0 NQL et O\ P <zP<IMQhPh X XM=
D HNAI=O W CO0O DULOoO2WOO Va Q- LS WNGLX TN g«
rdd DG L U weEBd JO Wk a2 c Lz IR V17, [ (6 [ N [T, 47,1V, )
m4<hm2~momommm0umuq<mx wwma< Lol (T 4- W w ITuwITo
QW a0 O O - N L~00 ~ OO WX X U QX
(Vi 4 ax [« - 4 VR TRINTIE- (Figu-4 =1V m*wwzw AaZ awa COW&&&K‘OO
QO WUL=IAdxXOxQuO0O OIXIDOV0OW O = Cdr <O = DOLULZWOoWO>UW W
WOACZ A= Q= = NIETqX A T AL IDET D> ot - O

2O M Zre ROl Z2VZRZCTULO Manmipm=—TAN T VNJWUW=OZ002 WW
O™MNZEY OO 00 AVOIAd =AN=X g [ G Y L) ZZD o cmzz
=LA JOFOT Clh Tl Z i)t = LUUW DO e Wl Oy e h—h~&
NUd=d Tu U OvanwnaXx <u\4mhhm<omuomhzchhmzmrm
LBUWN Z2d Z Zm@AXAX=D=~UN_J +>II0O (@] « OO & « :3
! WOHTxUMN ZOZOWwallmWZ de Sdk= D> > NwOOIOWOW»OC
3 D>reNUQmXOmO=O>> >ADAUVIOFEVLNI>>»aad>»Ad> QLA rNO>AD>aA X
Z > D ZZ0Z 2T | ~=2ZW NAAA Ll ddOddDO DZOZJO@
D0 AZT A OO OO0 IC AT UL m mMPCJ Jd eIl SLaDD | WOWOEDD
QIO DU~ =LOUCUOUAXLWITOYALLCITIATTIIITIVNV NOVLITVNW

= A

o far il g

(e (L) | O L O T e P od LT e X o T e b -0, A
. oUW S w1 1 11l s eI e 22 P =P Z =22 | QO ) 1Z14 1
4 | Owarde U 1 1 QA NI ZZ2ZwuZwwZ i Z\ [ Y]
a ! 1AA0Y W Wwmxa N MWW w w —_——— O G e
m ulllt [} MMMQ&Q&IIﬁlNI et [ ] 1 1 O OQOLQYWW | N
a TITOQYITZ P 1 § aaaxXYTr®TTYR AQ
zzzz—quuwIZZZO QOOOI&! AU Ul U et AN AN N o

P s e e I P N U e b e e o e e et e il e d Z <uu~~mMMm¢¢¢mcmwuumummooo
L LU U W L A i e e e e e e e e e b b e e e e OO OO T I TR T I T T I T IIIIIIIIIITT

LLULLLLVLVLLUJLOLLLIVLVLLLVLLLVLLUVVLLVLLVLVLLULVLLUVLLVIVLL




[olalelelolelolalelololololalolalelolololola]olololololelolololalvlelololelolololololelolololeT ]
NFERALINT OT OO Ot FNOMNNQ T OO PO T EAM et N T NN (O et O
PNt O DR O ot o F OO = DO NN LT N F OV et DO DOF OP DO PP O QN PN Lt (AP PN $
O NN NN O N AN NP U sl F 4 3 e 3 O NN O OO et DO N S MAIM A O et F NI O
[elolelololelolalmlolololololelololololelolelolololelofololololalol-TolalolololtololelwleTe Yo T o)
DOODDODODIDIDDDIDDDIDIDIDDIODIDOIDIDDODOIDDDDODDODDIDDOIDIDDD
caafaasasaaaasassasasadaacaqaaacnaacadanaaacaaascasanaacaa
2222222 22ZI2222222 2222222 ZELTTZZ2ZZIZZIZZZ2Z2222222

-—
- 'S
U .
B ~N
-— (S -—\} (2] -
x < W= w -— ~N
e} - e L) [ 1P LA 18 z -
- U el = N o O ey, = . [ S |
-~ . ¢ O oL T o U N -~ ~ N2
D NN e Wi N o o = N W Z
WO W o\ o DAL W b4 M e N
@ e el Ml Wi = DN u e ¢ — N '
w NN N 0 e W OO U *NUW X e e ww UomOew
X =TT OW o *NDOU ~ X~ ¢l LN N O NgCIJS 2 o
O USNITNIT O N sNDw ¢ s TUWXON- NZ Z O LJaw-a O =x o
Qem s BNTENN Q=XNT=Ox QIN ¢ DO -t i e XY o O (- %
AT X wDweDD Wl N NOW T ZNDa NN - N ANEwOw U I aT
SOT NN be Ol *BU X NUODe TOITON -—UL U XN W [« 4 o4
AN OO MN ZUN o D QON S NwT = Dwe WeNed W -9
AN D i CUANLNOCEN | D DD EYN Ve dd ) ANZ—X—~ O W nx

D=ZAZ sd. O YO i w T irww 0T CAwa waULWZOZ =20 wd
U=ODm=meDOW U eSO wl ZEND tetw Q) MY EITNOODAD N wa
QANw Z Z0 ™ XZDZWOV WZ w=Iwn W - ¥ 4Z - N

— ¢C O NWID DX JZA UL (I be  Upehe N ol (O o> ¢ SV QL
D 2 ot b T et O WON o Wt T Owttll Zot T e N<&h&mmwu~m~ wwaw Q.
AQAZ ¢X ¢ e XZD v O UNROONWUTD JZ watew = =Dy ¢ TUVMA T
wdON LN T et B Z W DI DU st F b D IwWZMZh:wmww NZmw WO,
<qax '8 W@ sV sesQ kel i\ ¢ Zws PeDUNINT T W €
TTXOADUII AVIeU) VA LAWK Om jmET=OZmd EZmNi=C=0 a0alw e
e OO =R A O wOUZU.J ¢ srrmidbe selUOQW e e I T )
22z D> Um ANMNOCOUJBLOOOUL SANAN=E NN T XU W >0>02Zn0
WWOQWW wn W S=UdNw QUWE < QO C ¢ = mocoa wwaoc o

ZN M =xQ W >D O Q O>0WOmik=N Z —
ZOTITxTITI d O Z0 WL Ol el =2 d <om¢mom> [- 4. 4. 481 2 - s
CoLZCZ W TWORxX=TO O o 2 W 0O O wWwooxuw OQO0QOmuVn
mu ITurax AVVOWV WLZOd thUmmmZZdbddth&Dﬁ LW

—maz— TUTUWLWOZ=W TOXOE OZTm = OdV) WV o[- 4
www&&¢z ITwvaw WOO Z O b= ITLII=IZ2MZACENULNIL XXXNWQ

ZZWOowWoQa. * el OO0 JOmZWW <k QAT QWAOWD WWwWwWaEwnuw
@ O TAaVORWOWOLW IDINWOWLLUL ==Y IDwaod o Qoo
b= JZOZTD>W-00 O bOOIdhﬁmOwC¢2<Z&!&¢¢&7&Z FEX U ¢
- 0 dem TOZLZ=TULCJOVO O WOYVNCAE D> O OO UZO

O e vt o vt 0O oI Wil O 202 =W WWZ~Q~¢ZZZ ot
%MIWIWQO&UIbnhu MULTJITULO O O« mwzmuw QUIZnKy (TR du]
DB ¢ XWUOADNTINTVNMT UL Diss sttt TUW OO O Ot W U bt O 4o @ O b OO 2 L)
220woQuVnO X XTZQ = We=-ITNHTN > - O Ul Nl d X
NNODQAem ¢ =JWOWZ A =a. O € CO=ULWNLUNACIDID>POQQA N

D20 =U0>A0> A d=dRAQWOWZ=XaaXd KEZXINZIZIZIZ 2w
I T WOWOWWLWIDZDZAdD7D d4ODODmUDDIUDxOWUHLOWO ~IISWWO

NONVE Y J=WOWOAD> TWmille > ZDZRAUWANNDINIDIIALAOSXXLELINUVO
—~Q. a QZOVNVNV>W TWWOWOITHINNZMNA 4L Q =~aasx>d a
Qa | 11 1wvw=Qa a w 1 ts NONW=BWWOW ! [ Wi §
<) ] T3] | | ] e a OxxoxXt | ) I ™1t lta |
Q> O Vex V1) ] I owow 1 1) aa a QO [ o
QWOOWWOW | Q O XMW | | | | LOwQoaa lwowlil wva
ASMMOMA®NM =LULPVWWEZOVWVNIITE O OUJd ) 1 OO ZZ2CC AOBE UL
wew Il EITITITOYYZIXEXIXIOWLULZZVVNOOWW =" O X>>00>>WIuvnaltna
QOZZZ2ZZZ208.0NVNNNIwke pmjm et pmpe T EEZXCDi O FLLLOVWUWW~Z T 20X X R

T IIIIEIIrTIIIIXrITITIILIITITITIIIOAQACAAAAGAAACACAAAAN

LULVLILLWVLLYLLVLLVLOLLLLLLVLVLLVLWLLLLLLLVLLOLLIVWLOLOL

166




OO0 OO0COCOOOCOOCOOOOCO0OOOOOOOOCOOOOOOOOO0O QOOO0D
PTOD MOVMONTMPE OO Fmd TN OMC i O ODOM MO~ OM PO DD e~
Foeted ) NNOVONPLTORR =P ER=PAUNCORIPTOONNOE OSSN milf~ P OONO
OO0 QOQOANVNANANNOVTANNLCNOOOONM~NNNQNVOVMNMNVOO QOCO~N
[olelol=Elelololelolalelolelolelslolololnlolololalsalololalolelolvlololelalelol-Blelolelole ol
DD DODIDODDIDIDDODIDDDDDIDIDIDIDDIDDIODODOIDIDIDDD DODOODOD>
caaa asaacaaddadcaacaanaacassacaacaasaacnsacascasaaacas asaaaa
2222 Z2Z2Z2T222Z2222Z2Z222LLZZZ2I2Z22ZTZ2LTZZ2TZ22Z22Z 222222

-

-ty
a1
-t = -, - -
- - o 2 () Ol -4 2]
-~ z O Ot b O T w o
z — ZUW=UTE U Mo b= 0 — N W
[ond p- AT B LU0 (@] =N
x ~ ENNNNLE QUi - “w X <
_— w NN ECD JOXE X D [t [V - O W
Qb= X = P poetpn(Dad U ret Q@O = T 'S X A=
we T JWw [ ]} S [ TR Neadadbetmt ZWZ e U - w-nZ
- Ned N wNme jvwrwwQ D Wawew=) Wl 220 N =W
= N D NN BwOANA T O ddDNT O WY b (N U O
x O e A TTNE TA =l Z U e Ona() e BTN Z
~ fmbm ) SN wwbr DDA W ATt U Tl b= SO W e SN =T O
[-4 - wwa T DA ZO O JNVNNA WLWLUL T M T s QA M)
o BwZ FZXDw=WZ 2D X w 22 el WL WL Ze el Tl

o AMTADSOE 2,00 XODQ WX WUIOOWOWmLL ULMAOJODA o
Qo Twy¥ +Xtewr 1 Tw) oX D JYUMITWOOA=A ~OQUQUWW e Nbewr Juwdeny
T T =DV D = Tk t/) ot DU D= ot vt 0t U ™= NI Z2AULO QDO EUDI D crde e
QIO e sQ. DV ) ol | WL Z2ICIODW W WO e (0N b v e
QAT NADOmI D N | WAl T WWOWW VA Ert it et AT
FTXwDHZR =02 = < WEXWOTCOZZ2TCAOUVZQWWUWILwONN=ANZT
- ADADIL=INORLION TO=OX WHODSZOOA~QIZSZOVVERI2ZVNZW
2 TAaTAAWD [ — Al Ze LOAJUATY T d=dOZZ ND-WLZWOL
T~ X Twr o W= o A< O deiNer VOETTOWUIie L >>A0WO O
- O X WO Z= ZORI =D OUEOT M QLo T =) L) b o sy O e o =2
ATAXADSAD «OADW sQDW=ATAZO Lo X< A X Zm N QJNNZUW=EX T 0
Wl Z ool =X T NEW b - e} o zzdxm LINUNZ =t COANNOEIN O
[~4-W-FE Y VRN s a a xXoa AT XOO =UlUEWVEZZ W x2Z
T2 X T WOCLOEOWULWWZUL Y ETAWO Y LWL IWwng grwwEyiidw Wi
ADACAUNJIW-CCWO=00anQOoge >wWwCa NZw ) NXXLSICAZWUWZNN
A m~ L™ O b o WOQU QWU et Z (O e Z mITZemZO
e WZW DWOUWUL CWLWOCU UL W w 22Uk WU Z Ve OO Xt vt e L)
OZOO0AIQXOORX PO OFCrdiniff wmeZ D0 ORI DOV Db DOO
m T e < 1w CxX & L WOrm=O =IO IZ QODI0ZT2Z
ZFIZZ2ZWmULZ2AI LI T = 2»QIZDN e lUDeD POULL OO d
oao<ocoz<o QWO WO 0O WkT OOD@&Q hw—zn cm&xmuw
vt T E el WL D ~m&1—m~wcz~2 XQD= £ o g
NODPNULNTEQITZONVRUZNY NONOXLWWN cmmxwazo¢~¢ ¢><¢D mo
xwmo¢<<¢ QaEZ OxX2ULEXAUAXIOZ 40D O=wa o _ AV WO

MP (HP)

w DU =IUL LU LIOWAIWIT WANAOVND | Qg =OoQ==0 | 1 VO
>x>¢>mmham“>10m>:z >DI>TUXOQZ V) Al Zquldia 1 | =D
ZWZWIZWW | COUZ> X2V =Z20200nWV Jd> 1 | 20x0wlOcaaZd~ -2
DTOTOXZZwUNG =wOW ZO0VNOWVe QW 1 AVOALD Tl Om e, W

LOLOLVOOWIZImMURZIoOQmi DU +QONE L~ « A <2 Qaaowxuwuma
A A AdVIZQ O A9 QO Q > > IeaD>EAdDO0XA

| ! | QO 1oy WeE [} |<lm1mu~wm>mum>|t)tmuxhtu
| i 11 EOI ITXO 1T« | [ X QWka W

X T Q < O € O QW W U Ovwwww| [ | anuuv--cxz

aacacaaaXax 169! 190G | WaJaAQ FEXXOmones | I MXETEREEZRZD

LWWZZX~| ¥T¥X | F¥ TTXTITVACL NNNNNN A

TITTa woa ILTIXTWN
XXX XL XL OO AR uaahZmaaaa>wzz§zzzuw::I~z§oocococr
TZTXTXIZITTQUVULVWUWWLIILImZZ XX X IO WWLL LU XYY Y XTITIIIIIZ
QA AlaAldlIIITITTITITFATITIAFOX LA X ILL LLLL X LL XL XX L L XL EX

LQUOLLLVLLVLLLLLLVLLUVLLVOVLLLVLLOLLLWLLVLLLVLUJILLLLLLOLWY

167

A




[olelolelelolaloloalelo]lolololelolole BN elololelololelclalelololololalelolelol=lololololololole o)
NN N=ING T O™ A TONOPNO=C RPN MO F Tl NN O DO O~ F OIN D
C=t O MANMRMAFNOOVWmE QOINETNNR=O MO QU NN NIO O N
NNV OOVRNNINNOQmi=ttN O T=~OQO QO T NN i iNQ O vt QD ol I et F ot F (1) ot
[e]=]le]elelelolelolololololelaleloloBlolelolvlvlelelolelolololololololelolaclvloalelelolole o T =]
DODDDIDIDIDDIDIDIDIDIIDIDD DODIDODTOIDDIDIDIODDDIDIDIODIOODODODDDIOZYDD
g.aocdadaasdcaacaascdaacad daacaasasacaacacansiacsacasacactacoaaca
LZ2EL2Z2Z2222Z22Z222ZZZ Z22I23Z2Z2ZZZ22LZ222XZZ2I2Z222222Z2

-—— - — -
[} [+ 4 -4 w
o . [ 2
Z Ua b4 xZ 4.
20 X ~ ) e (D o -
Qe O =z XL dwZ w O
—p— ) = oo Lol - memty, 0 oY -
-t U O —d 1) o 'S XEDFTEDUw -0 -l
-4 O o - - o S DD e e N =w
X0 Wad W ~ - x O FTEIDLSLOZW —0 QO
Qo oW M N —~ s W DB NN\~ @ Qw QW
TR0 w =~ XN - XXE O WM DDNODm Nt Q
VNIO>TAWETO b Z0X -l - 5 oD NIl eZ W W~
Z>WU0 QO3 N ) U XEFTI W DIOZONIZ0O = s~ =
W ISt N0 X - & ] MB~\ o o vt e e Qe
O WihrWLW M M i [LATY] EddD D QOCXXA WY U QF e

2> ZUWU QUi deQmdra WOV QN S
Ot OO ETD UMbttty QDwelld YD DU <

e (SO W NA
LoouaA>DWLZEe ')
Wetres <L =D TAIWrW
Ndadle > PO Q-
- < W=z Y o
=ZS>E CADWLIEINIAQUWEMD LOErtOE DalrddNdguO Z Ndk
At ZE XYt Qe B Z DU QD= S Awlil =i W sOW Uik
WIEIOCOHMA CmdJd JNY JULCSXUET $hepm Wl @ OwbbwiiliLyy W w2
D) «Z LAwOQw OXw\CWANAD aAaWwy Ww-OWweoooOOOowZT O ZQk-
OUWACO =g >WAOZTWAZ I =D Owuow O ==WDT
oW | QA= A NDA T SNA U JOWO =M% eI DW WY X
000AUZALOZZ = =ID>? JTWAD kgD MwXTIaaddadA-E2EC UL CW
mmw-mcu>:mozmb S Ut Zm U CISNEDTM0Z000Q00 M Wib—we
a u Ww QEIJZINW Advi DDk W TZUD>DLXAXAXLIZUL=OL sD
cz e EXUIO Creiem uu—<mmh¢m bt bhhhbumUhumwch
zzzuouomo<<zco~-a~zz - L& 4TTL- uszzZZZM 2% «t
QO 0O C m & TNZ Nadle W=k wm-muOmewwwwzw<~oaowm
NNV X X 20 . JOOZDD0M <<mszOO TS Ok U Z T W)
COOXWr LW WO AW~ JE JWDke At Q wo XXX EXXUWUZVNA=L DA
- ad LS DUOAWRE>OAZIWEIOQOD - 4 <xomwo:mw:moooooom<—m4h~hz
COCAIDNIVIZTW~D TaU QAW QeI ZEDDJOUULULULLL =C D k=<Ww
ZZZIDEDIDIC NE>V EZA0 =00 4> JO<Jdq = LOd -
> DNZDHZDNZ UekT> dLNOD>TId~A e I8 T £ T - (VEITSITRVETVIIOE, L T Wen [V I TITT)
wwwZ Z z moa<~¢oc uwﬁh4><<h OUODD> DZZZZ2Z2000 Frd=1-%."4
- 4-4- 3] V- W Zn W erdtem e X200 XO
mcmcwcm>rxzm<>aco mumehmwwhuhhhhhhmqumzzwm
000Q IO YZF-NIOWZ - =WUOROOQOFE Dk e D D DHDDIDITAC =IO
000 JOLO&SOW~ JAWO™A VNG DLDDDOUD00C00CO tdNgdm >
DOOQAZOZDZAVAL QAV) =mU) ded > e dOdded QJAXX XXX L JZLXLT NO
WU Z»ZmZmZZd | A ZCZ=D33mmA,000000N0000n000coanCtOuUl Tl
NNV WS W R»WEAWS W IO SWOWWD>A OO0 O VNANNNIENND DD DD DNt S b satild V) na
Qmam¢m¢w¢uowxzuwazxchxx¢¢m<mmm<mmwmmmm~—hzaa>~z
x & L o dLI « xOgq 2Z2>0
o [ } [ T T I I T I I I I 3 3~ 24| | |n|l|!¢0wumbowz
] [} [} | i [ ) WI> <u¢z
>IT> A QA AQLWAXEWM=DQ.00W W [ - ~-—~—> t1wn <
uww&guuw:mmmmmmmuzth 111 00U ey | | |t
halaalalnlal 3 3 3 Souab e o o TETIAL4O! ) e e ) e e b s B e B | QU 4
IITTETNHANNNZZ2Z2 Z NDOZ mouu<<<<<<<~—~-_— OWY, v
ZZ2Z2Z2Z222223000Q000C 0 ke $FINNVLVVI VOO UL OVOZZA. Q. X mtedmi (0
XA XX XXX XLXLXX X XX XLLELLZNANINNNNNNANNANURN NNV e e b

VOUWOLLLLLLLLLLLVLVUVLVLLLLLOLVLLVLVLLLLULVLVLLVLLVLLLVLLOLOLL

/HR.FT2.F)




NN

[oleolaleloelelelololelolololelololololalololelolololololololololelololololololololololelalolo fe Yo
NN NNV N QNI OO C et VO OO DR (NP O S NN R OO D P IR
NOOPRVONOOMT OO ON et NN NN M O U Vot ot O O\t O ot D st (NN et D oot N OV O $ 10
FOONNM=OVOT TNOMOME Tt T OF OO O LU P LA L M VO O ot =t O U =4
[ele]lelwlolololalololololelolololololololololololololelolalololololololelolalelololololoToloTolol
22DDDDDDDIDDIDIDDDDIDIDDIDI2IDIDDIDIDIDODIDIIIDDIDHDDDIDIDDDDD
craacaacaacdadscscaacasasacasadcaacasascacacaacaadsasaaacaaaa
ZSZ22ZZTZ2Z2ZZZTZ2I222Z2ZZZTZI2TZ222T2222TZIZ2T2XTTZZTZI 2222

-y

— ey -

w Z2Z U

- ~ g -— .
[ B e U o -

il - - OO o il
=ide w Z2 =l @ ¢

(VAR 2 a W= o )=
- - - 2 oo eotpm T L
(TR [ T —— ~ 2D DU\ ¢
- o~ il po L oD

(&) [T TS I ' ot - o |- T
w - @ VRO~ et e W WODOION
Qe WD O - - o D - S —— N Nemem —DN-D
~) W Wi~ U - (ODOZ x Fa aF TNWS ONnODCi-
g =OOQ=C UL Wl WZZ v x T OOANw whe U WearZe@
MO U~ )~ (&) QOO D — oy 2LheNmNLOO OO0
W Om WO W a0wllednD - e NZ N ODLiEMimwilier b D
OO (O OW O =UNOWVDDieem 2 2 brm i e D) Ve A X
AwlliAillewQ w OO0l wbehmie Z = = e Ok CZUZWwie o T
VO AW W Qweilire it v we ZY Z2WULOQCQUWDw DL Ume eI
Ul erpe w LW X wwWZEZ~mbmw & € DWW DONWWE < AXZ ZXTW =
FemNAWNULIDE D »EDDIDe= o W W = Z000C W ¢ DD DX Q=
L~ 54 T S RN, PN & e T AW o olld L JZLE L= 2WZITQ
DUl L XL 0d ¢ DAZ e W W wE =IwdqW ok s ¢ QAT D
N Dbl X U Z2tAUW ¥ X g CZILT TV VbLErmmemZs OO
1 DCNDNWEDW I~ su) +ODOVE < < m~ N ZZ2L £ NW o, O a« 2
[l 2 Awwoawuwmanow ZUWWLOWoOZaA VU U0
o N =TAOTO~A ¥ ~-c-c—o -0 Liml e ¥ D T2

Nt QWU T wWwl TOWQ =N |~ (el impeOTWWD vV CWOWOJZ0X
A sk ¢ eUOFWL WSROV WXL UL, Wl Q:NNmUththh< ot
zom<<m< X MU QoUW el b e ) < iy <L EXXT U

- Y I LW WOZWie QO wWwo mmhh«hhzm&mmc<x
~ CwZDZOmemWhNWO OZ=Zmi=0ODRO0W ITFrITd<N=EOWi. _¢

L QO db= Dhew IO JOO O ZO= O D0 OO0 =000 k= =W IWITr u
G DT TAOD 0 LMl s = Op- b |t IhhhkhWOWI
e O T FTXCL W>»Z D ul w TRV TR T4 wu <y, W 2 Ze-
2 I OXQUNLOLWLIZWLOWUWILOOUWLOZ DWWV OW O0. el kel < rat Y
ou < a=® wn O OZZ=00O0D000 DO mm=ZZZ I dZ0UWQOmMZ3
FOWWULULLCNZ ZOUT X D) o T Zhe DNt ZDes 4 DOV
£ Oa00O> o¢o~mzmzh»3hz ZhZ0O ZODZme=-QMmAa.0uw Z=>000L0
<Z_ T WL e O X O OmOQmOUWIDZ=—dm xODOXTX L

QZuwnuZw umhm<¢—¢~ omm—o~m~mo~m¢ho OSSO ~D T D JDW
At O X QX WNE LA ZUNUNE X DOUIN=NUNE e NED XV W NEDIDN
OV DmDOZ2WXWINENLOAINELEXNAUSZWDWOR W WNIEE XX WVIEWVNZ
AXNAPENIWDODQAZWZWOINZUZIWZWDXUWDINOID JDIDXUNWE « W
AU UL DZAZOWDWDNN WIODWDZO0DZ QUNGEZCLI>0O0D> 221wl
SN WEWFPOSOTETOZOZ 102020200201 W, =0OrQulaZazo *© 2

Z>mWDW>00>D0XZQZO | 1 Z0€CQZOUI00 mruouou¢<o<cu~b-a
-Q2>02a9IU W woOuow > OUDVOW >0V =D SUDQ e ey
<OQWEOE t 1ITY QO =~aJU W QO W lwm.. t W W Iwtw
VN QEWOW | [ | QWO | ] 1 Q Wt [} [} W Wy

! b - x o ) | oAy ! I Ol LRIO0 W Wt 1 Qv
I 1 WRRWW ) W WAl U LW WW LU QAQVVWWW O ummmmu

(&) | iuzzxx LU b= OO W OQQW Wi~ ke S LS L SWNUWWT ETT
ALIE D D dd d ittt QO s O 2t ot et et D O Q Q QO I Z wrvwbon o pv oo o mt st QO Q Z 2 Z Z N
OHNOMPITNCIOTORAUILUUUULVAQQAQQACAAWWWWITIITIII I Y Y X XY
e e o e e o e e e e e e e s e e e e o o o e o e e s e o o e B e s (e e e o e s o s o o o e

LWQLLLLLLVLLLLLULLVLVEOLVOULVOLLLULWOLOLLVLVVLLVVLOLVVVLLVLLVLWVOLWLO

169




[s]elelolololofelslolalolololol=lololelalelelolelolololalelolololololololololelelvlolefalelol ot -
TET QOO OmMOOOCTAND~OO= st O = O N = (MM O O DO MO MO0 FMAO T SN
TS il i P et N OV N A0 et (0 O (N QO N0 (N SO O O NN ol ot g ot o Pooe st e Q0 o=t (0 NV NN D NN =t NN O N N 0O
F e (1) (0 0N O 6N NVNALD VOO (AU N O N d PP S NN N FLDLIN N T F S OO O F NN
QOOAOQOQOOODAOONOOCOAQOOQACCOUACAOOCCOCOOODOOTOOOOD
DO D O DD DD DD IDITOIOIDDIODIIDODODDIDIDDIDOID=ESSDOODIDODIODODHDSIOD®DS
aaasagtascasasasasocasaacaaccasasacaasascacacaacasaasacaacaoacaaanas
Z2ZZZ2222222222 2228222222 TITEI2LTZIZIIXZZZZITZIZZZZZ

—
[ =
'8 zZ -~
- o vy - T
= s owm ey DO
o ¥ DD L e ]
- -l D) b DD~ o~
. - (T St (D) 0D e Ny, bl U b
[*S I NNDDuid o
- w L ad ol NP WY R Y (L1}
mSw E > * QDN NI~ [JVTY]
Qe Q — lad NN SNl [=]=]
= Z Y -t = - - - d e L, U e e © e
[P ¥ TR |19 Q ¥ I <CAIDUWL ¢ 0 ¢ yxXXXAOL
") 0L w -~ .- T ¢ \ NN XTWWWESY
o o e - =il - e NN O L T Lo QDO e
p i ) 4 T T> T2 E = - WUIN T I L ULt T X T EF = -
NN e et e (D) e ww ADU e 9 (DY YD _——— T T
DEDT X VN T NO N ZaAT DD Y dzuZZZZ<<hmm E~E
e w0 b0 e = DD NN ZOI T = it U, b pee s vapr 22 o o
DUV N el V) Q) e VW b=t bt TENNNZZ et Z N NZZ
Tt o ZwZ> b ZUW T sww Ol T CED =T QACCOA T i s o et
>budeed wt DLDZ = DA, D=t Lre@Dbee 1 DreemiNQ LU J ST LT UD D wmNirwrws
- -z Z - QO 2=~ O U ob= e Dp=~ xXx0O Z wd QOOEZX NZNZ0 =

o = N oD ) D= o) o-tntbml— o&::u..:oa. €A ZZZ2CIW o sNDWDHZW
>0> st Z Vet U =l 2 ZAw _IZ LTI LImDed> Tetealll Z OW
Pt 0 s ) eV o o> -hcwczco>zx<z>wx>wwmhh<--z-z-uz
Ot NdNZemd TN N O e WO WA DWW WL L LSt NN L Ot N
L) = o il = O =z (%L ¢ Qo NN Q oot g
D DLV DWW wNVO oua waZewwX o <IoeZZZ OO=NITVWW
OO -~ OO Zleyw LJOCXWONNOOOOO OO0 EiekrT M Wo
ZQZCI0=~ 2D J=Qu Tt TOQ et tmst b Uy b U U Ul LU, 9=t et o O O LY =0 QIO
ClLCrbi=a WO )X =0 WZaZZ NN o o o VIR TR YUTTU T =g [ 2V, T
QW Y LWL LW>Z WOTosd -C> U L M U T L) LIS tnnt gt st ToO~ <

W B2Owr o WL U Uy o ™ XK= QU C COOIOO L OV O S WIWA.
Nl X UL T WU d SO = 2D e Z 22222222222 X0
S e P N > I TR TRTR TS LS O €2 &- & 28 - LTIt = 2>
XX OULZWLW =ULOFwQOUL OO0 QUL b b s b b O 0 O b= e O U U W W
O ULWLZOWOOOW OuCa ZZ2VNVNNNNINEIR =D DD00WL DU,
uJﬁuJO@OLU O u.:OQ. 2 0 Z UL O OF et 0t st bt 1o et Pt B et St L (=i 3 DODOU W
TXT D [ e7Imzuc¢cwwbhwmwmmmmm¢~¢xx Z2D = OO0
hmehZ ODOI >0 U0 8 WWwWWWWQOQogOQR2Z2 2

D O OWmQm-OW Q —<m<wz:o mzxxxzzmhhb:: - QXX QU
BN =AY NOO NI D DL L LNV NN L =t QNN
B NLNEQEZreNOXWNWAXZWIWZ ZD 0 o = vl o wd cdd E L <X U = WL

) €O N A WL < U el O 2 O > DAL ALAILCI<CIO000 | | KWUNX L Z2
A TWZ2W >DDUVDJXUWND> ADIZTZJdVNIIITITIITAANQ QO>>ZWaiux
Lo DUWDOZmZ OdD=ZU ZFOFXOQag XX L LIL L, Z2ZWUWDO DU
SOWZOZJ0>0WaZ>00=0CULUi | | WWWIWWWWWLS> >0 CO0QZ0 2o
WY oOZ00uWOURCIQWYIOL (=] ITTIITIITWWWZAODOUZOCOTIT

Jsuouu X D> I 1 || peomenim e o e b o>w (=185 18] 212
lmh | | =i } ) QW Tittow 110 W

! t | 1 (] QU&U'IOO|I!IICII [-9-Ny ] | [

m-l [} @ I (8] (81,,]-9-41-% [N Q) ) [}
k> SIS NS 4. W. 4. 4 uexo&&sxrzhhhbuuuommmwmmmhhmmu LW
ANZROOVOVOUAUWLWWLITZZ ZZOWwrw= NN NMINZZ 249100000 WLV
WX NN ) ) e wed el b d wed ) e o d el d A d ZZ2AUALXL L XXX X LX LY L NNNN Y = o b o o o
o S S T e e T e o e ol o o e g S S Y S o~ TSRS =Y

LOLVLVVLRLVVLLVLLLVLLVVVLWVWLLLVLLVLWUWLLLWWLILLWLOLWLLLVLLLWVLOLVL

170




[elelelolelolelelolololalololololololololololeJol ool elalelolelalololololololofololalolole lo fole)
= CIN O RetOPNON VOO =D N OOVt VO VT O P FNF NSt DONONO T ~O
OO N N NP 0D O NO P NP O M NN (1 QOO PN OOT O OONOONOMONDOMO -
0N =t (YOO P 0 ol ot ok et 4, O vt O +=d 2 F O ~F © O O\ ot 5t st A0\ o U N Q) O oo it ot 10 O O O 0O A VN MDA (NN
[e]elololalelolelololelololelololelolololelolelololo(aolalololalololalololololol=lolalololelolo Lol

DD O DO DSOS ODIDIDODDOIDIOOIOIDIDDIIDIIDIDDOITODDIDDIIDDOIIDD®2IDD
adadacaddadaasgaaacadancasdaosansnadsadgoaaacagancanaaacaaa
ZZZZ22Z222222Z2222Z2222T2222T2Z222T22T2 222222222
-
-¥ -
TN~ = - F -~ —~ - e
-_DJu¥Y T T Q = e
TIANQO o O i Wl W
AN -d NN [ ] . .
-l N NN U - - - 4
- Sl M Ao N o~ - I T
78 [ PR S [T T NIV RS b N N
. [Tl IV T N o L, v b (/) e L) - X - -
~N SO wZ [c -4 el > LNV - Q0 (&) (6]
[ ad - Qudlld <o IXx OQr b ll™~ W b o) - W e W
Ue o= QAwllO =y o o et et g L, U ) P -l Pl e - W WV W wn
s W LN = ZUu [adaedi Lo S [V, T T_nl ol N ¥ W oIhem W N W N~
L= sem>2 NN (D Uebbrbeen O e o O et U b w z m b o 4.4
WMTONU ST AXXE NNLL UL =N ) Y L - X~T2 ol ~TT

U 0= oMU O X e TFEN 0T WU mtcw o X ITNNOX o z-m-z VIS
DNUWLNITYT WIdQX e DOTE ¢ Z2T DT O mraOINOEY T mw Ol o T T
T o TZNWIN CdTUL JJOTXE UV O~ QOOQRTOATNTONWSUINQO=-O O
DO QUNXW ¢ ¢ wwJN\Tw M JZOUUCDNIISENUINZNI=WUZ YD)
AT ZTLETrA e OT =Y > >wINCATWES SVNE drew TT NN DNt N D e
NirwNw N UL o LT QT NSCZADTUWNNCwDIA > JONZ= =N WW
DZ2NDUVMND ULl d NN L b JO > st T A > el DU WUWLD @O0
pelllpmbrie Wl | WEETVmw JWWLLINSS LU WD, wew LD
2Ol W WRA@A QOB Qurt We et Inay 635 63 ove ¢k
Qw22 ZQAXL ke JIRQUONTm = J2WQgC> O o Ao e VL XV
s Do D= ON LA w0 NDNTONWUOQ O =kt OQ Z O Qreks sme = obn ¥,
mOU X VA O OWddwsmeiNil Jm JIT T NP O =NEN=NQQUN=~QU«
ZUZU W QDU i T DA U L JINTNIOWVODNT =TDU D=0 Oo=a>
QW LWttt > Z b= Qe Z e Sl W Y ITF O ID>COO0Ld SO0 uw
~db= 0D Ul QURERNNJITIE A—~TMIA JWEIND - V) e LA L 3O, W
hwuumOmImu~hD Q0 wNNE QwIm<wwI<w~ 2O >2O> WUWIk
LD NT LNAZLOUO o >QXITWN >Q<OODW>>U X Wo>OIACW
w Qhomo Z e (w11 ITTITE} Jhc W=t O I=UX o EIVNET nxa
- Z2TWre WO memme Z2WUO0QZ W UV CwWd T =mITNOD>ONIT>
wwo Q ZrQWUdOd>>NmZOUT0dNL JAa =A== 0OWUCWaA ~OD> ud 420 W
A VX YVWO a>a [> 4 (] 27 ) ONZQDAZ=ZCEZ Z Zd Wb U0
> WD DUV NMUWCETOD Dbl W W>0al TmwmLOuy O WwWhdadda
WiV = W FEETONVNVNOODCAQLIO>»TITWE I>A=C=OX O X0 wot
A OZU TU fed~MIDW - Y OOZe! FUX = =™ =D X N2V XP
WZDUWO O cw:aamm¢>mma>>>>c- m¢c<-¢c>o><mz A ZVNOnE
hOhc -l D3DODZ00 ZW DODDk=k- WD WL =l b= QU= D =T O
2242 O >DSUetNI BN QO cm Q>x VY0 bt 1) bt D O et A N O et LI ZZ )
¢<xoo<Ouuwm L=ZWN NN N E N W DI ZDNDINDUNmE =N U
W WOt st temt Qe O QU DDW 1 1 OO U DWZUW et SN OV O VI O U <L o =i WS
OV NUNL L NS =i QO Q. | QO ESWS=OWL>0 O VLZW >Xua>0own
ZO0ZdEDA et X UUNLZ L™ NN O 201 ZIN| N LUDAZOD 2=
m<m4wowuumu~~_go>0w~~~mwxxzwmqwmc - WO Z oA Z=0Ouna
A>Q4> SWUWDDOVEO uwx¥w>>¢a<<c>xw¢:u—>—>zzoou<ocu4z
ZWZa 2o.Z2a0dISWUUEN ] VNETVLC > 2 o WY >0 J
QO oWV ada 11X ! (I | lulmllu Y ) W
(SR NE) 18 ) 18 ] [N L ] e e LI I I | [ I QO w it [ B -]
Qo w 1 (DWW, O, [- S -WR S DTV W. Wy | (SN] ung
QW ] 1 QW 1 AXTTXTTLUITWWIHIUWLMA NN Yaa vaa
ww ) ) QUIDS NN T BTIRXXOONAAOTETRTTO uuuwwrxll
Ay U QAADSHZUWANNNIINNNMmLET I T I LIIZZZZ2ZZIITII
>><uuum<<<<wuI~~~~~~~~44::Zzzzzzwmmmwmmwmmmmmwum
e DD DDDII>OIOISIEIIEIIDISISI IS BIBIIIIII>IIIS>TE

LOLLWVLLLVLLLUWVLVUVVVOUULLOULWUULLWUILOULLLLLLLVLLLLVIVOLOLWY

171

L.-hmmﬂinﬁhhd‘ﬂ~‘zgjﬂ&}~ - Y . -

PRI LT VR




[olelololalolelalelolelalaleleY el
T DO P= DM G OO = OM= O
A0 () F O O\ P O DM O F PN N
NOQLONININ=NNINQ OO O
OO0 OCOCO
2DDODIDDOOHIODIDDD
aacacaadadaacdana
LEZ2ZTZT22ZE2ZI2ZIZZ

L. LENGTH(LBM/HR.FT)
T
/
L
)
)

MEULW> DA I=Q -~
Cealld= OO A O oJ
Ouww & W W W
o U et Y0t () P LS b L) P T
oI LIS Y e d ok - ¢ h - {ad
ZOAUT mute Lo L=t
ng WLLSON NI

V) 2w (7 I, B~ |
“-J<Z>Z<l- b=
oy QO e < b= oL b~ N\
&Jh QXZ «a« « I
CONIIONG Q€ dpeaQ W)
WO WECE I~ N
oemap= N E I T Z OWX
CLEDIDNTOLOZOZOW A
O TOTOITwdll
W W TOZLEFTI IO

gDECIMAL)

53
PCT

« 2
<SWWW >0 W U 2=0
U «LXXOXOUWALOrQOC

ANUDEQE O O L=~
qdN NOZZ>™ > > N>XK
ot (o o B Lt e D= e 3o e Do QL Pl

TN U et b g o bt P Lt D
OwZIhz—4~4~4~>J2
b W i< IZTA0
TIHI12Z 1 D2€D4IA0DV
< I IDO2TOIVT

Ot ™ 9 T O 1
QLW ™MIXT) ) | (]

mthgz ! | | a
QA dddWSZNHNC O A AN
W W Z A.G. M OM F S unnnuin
ZTEEEITXEM XXX

LULLVVLLWLVLVVLVWVDO

i awiia e, -

Y

P | ¥V N

%

et 2 e g ety o



OO OO RQ i NI DR PO ANMNT N O OCOad N TN OISOV O et N OF DO~ O
oot g vond o Pt et 9=t b emd ot N NN NN NN NI YO O MM F TP T P

L 8-S C-€-€- €L ¢ 8- -L € £-2- - - £-€-8-¢-€ & -C-C-C-L 4 -2 - & - -C & ¢ - & &£ ¢ € ¢ £ £ &2

-a
- o
Wi
~ 1
Lol
» =™
win
Qa
aox
b L
L
(% 7a ]
Qe Z
QN Q
Q. —
X [
w Quwi L4
- Zh= )
O (m]a] ZzuJ
> W e O
(&) Q. =t -y
-2 =), =}
w ax [-{S)
W < )
[V,17,] b WO
O> wo xZ
- [~ QL=
S o (o O
| [~ 4 xv [ Lol
wwd n> Q
= rwn i
- Zx Zi
[- 8 .ty wZ
TIPS e nN2EO
[e=]8 -4 -~ Z02Z2
ud [~ N w. o
N o ——rr
] Ze 4] =0
(7. L -4l ™ W (S 51 2
»>2Z2Z COa® o W
<O wyQo - 1. .4. 4
At D, » W (7%} wo
2V SOTA OO~ b v naa
AL = LQ 2 w gq<g
WaQTng a. -l -
DTV o= pd [} <Tww
WZOma 2> » band P-4 —
QO ~ul to—t & ot
QUIT ==Y w < Lo . 8
E WUNQAQXWN 14 < s b
e Dt e S > > xZZ
Z AND> - & woo
Ol oIX »Q. = n z VININ
U2 DN ¢ 0 3] 2 vt e
=z O - O oW — ¥91.4-4
qWw 0OXDAO (o] > o w 2C0
b Ui~ o o~ ] 0w ¥ w Q . ZIT X
Z24020>W0 . W Pt - W Q OO » O "N [=)
WE i = o) -] W PP o o o o OOV 75 LI ] [ 2 I }
ALY QL PN O et € it OO0 O OONHDMemi 8 ¢ 5 0 sy s FINN ity
WEXLDZE LD POMNE e 0N 0 X LD W et L N AR OOOWON 00 XN
WX IO )l R aNPtM W gl N IOQAH O IO i Q~ed DWW
ax ¢z>o— = JOTUNON BB e OW wm AATTITZCOWNH 1QQWI N N1 =~wW
X OE » = Z DIZIXON JOW < i UIZZQ>OOUW’3333¢¢ <QQ
] c:cumm qd OO NOgaA X WD < e QUIO Q0 LdJdNVINNaA XD
—-zuwu..lx- = QUVVOLVIA b = OOOQCCGI bMWD Ol
NI (2] b o Q,
Wi Z P - <
TO>» Q 4 -4 >
= (& ] (%) e w
VOV VOV LOL LW LLOLV

*4*4‘




PO NMPFL QO ORO NN PFNONVRO et NAOFIN OO QNN FNONC OO NIM S
TNV N O OO0 OOV OO OOt e pa e e P OO DD D DVOD OO

nQ
[eg]e )

QLA ICIA AL CAICICCA AL AIAIL I I AL qICACA LA LA LTSI LI

<
o
—
-
L= ¢
-
b -
-4 Qo=
[+4 wao
Q Qw
(®] Qo
WO
&) (6]
2 [
— O
-~ Z0
- -z
o O~
<] O
e tAJ
[+ 4 L=V ] -t
Cx [ 44 L4 -
'] QOw x g
<N —an w -
x2Zzuw LN - (-4
Qww XZ>0 < 1Y)
anZ SwWwo - [
<<ZW [ d e
>00 qQZX Y —t ¥
w2 >OWww o1
Q LD b e o L a
- d D (=) w2 <
-4 WX E Z O <
b o ) X OO0 Qaw
Z2Z<gq 0O DOxe —( >
QoW - Q.0 > 14" [- 4
NI — [ [} (8} LwZ [l 0
Pt et O ZZ2wWw -4 WD et w Q
[+ - 4-4 W e w 4OJ T VOOV )
QoW - S22 bt Ut Q OO0 w .
ZTI> W o r—eeme (8 Vb w [ I} s e O o
[V T - W - W | - QOO0 Vs D WWWW OO0 N
o 0 [ w * 00 e W o8 0 e QOOO =N
O i) odod LI ] 0 UL eAdrledest _J s s s W OOOOMNOOH I
nun N Z NN et W HHHN meiNed A NONO N HYMA QA
WO QW W gjnap [ WWOOW Wil il = ~NAXA NN
W W F WOWW Ow Z =00=~ QWwWW a HiuitinOmaaTlXl
aad Al W Wil Wi =~ WLl xO0QQ0 LawWaNTOUIZZ
Do > O TXIT XTT L Wihihih, QXXX T QUOTJZdAdAd
b i 2 UL WIW [FPIFNIVEIVY) aat W WWWILIWF s -
< W ud e
o @ =] v
£ p e } >
w [ [ %)
LLVVLW (6 SIS ][S[S]S]S15) [(&]S ] LWLV VOO
174
l \
. YV, o JUOTCNIIE PRI ¥ \




OO NMATN DO PQ et NMEN OO ComtM TN OO Qe NT N OO O =it P
CRNOCOOOO QO OO ot rmud vt ek et ot wd et et =t S N OGN N OGN NN IO O AN O OO F PP P
] oo vl grnf o ot gaed gumd sund el gund gmind el Gd g 9d gad Pt ) et ) el sl gt sl g 7 G g el e g el g ] g el o g g g g el =l g

L C &€ ¢ - -¢ - €-£-C.20-£-2-0-¢ - E-€-C-C L -€ - € &-€-€-C € -1 € L - ¢.¢-C-¢-C-&-4-C- £ & & -C-¢-% -4

REQUIREMENTSI(PCT)

0a.

<<

O> o .

LWo s

aa~ ~
QL 3% 3 o= -
aluha iy .
ITIOON ~
aaZZil | mown=
QI 1 OO 1 X TJ

* N DVOVL ORI TP b= O
VOEIFON =P L= O% # O
$TIFOODDVw ¢ tap~DODFO
OOMM ¢ s H NNE O FTOmM
AN ¢ 000 NN QO™ o
e o W H HWYH NUN o0 o it
N HBQOLONOUN = 0 e N
LUOXKOA WOV I I Hoa
AATITITZOLWUWOOUUA T
OIZZO>=O0mTOWIZ
vt ot = QWU Q QAL Y o od
QOO DA b o o b o o oo o

o o L]0
0 [T, .} [Tal'a BN}
LRI 1o Yo IR o o Yo ]
VOD il WD WO
PO DOME M
NnNnEIn nXTXIXa
AOWZZOWZ 2
WETTXAQOQ =
W WL WL W W)

SWFC=.00025
DATA SI UNIT CONVERSION

PUMP AND GEN-TURB EFFICIENCIES

X4P=99.5
SALT WATER FOULING COEFFICIENT(HR.FT.F/BTU)

AINT=10.
EVAP/MOISTURE SEPARATOR QUALITY

X3p=92,
ELECT=30.

PROJECTED INFLATION RATE FOR AL TUBE REINSTALLATION(PCTI
C INPUT

NET QUTPUT POWER REQUIRED{MW)

QLW QUL VOV VLW QUL WLV

175




NOMOVOCNNAOFNOR0 QNI O PO NMEN OO O —~AMFNONOPO N
S LONNDNNANNINN O 00 QO 0000 O ORI o e PP fe DO DD O DDV RDDIT O
ot g e g el e et e e e b 4 gl et et gt el el et g et g e et st e s et g ot et g e e st gt gt el gt g s

L - C-C - C-€-¢-C-C & E-C-L-C-£. 8. L E-€-¢-C-¢€ - 2 -£.2 -8 -C-¢-¢ L £ &-¢ ¢-0-£-¢-.¢-C€-& & &£ 4

C SUMMARY OF INPUT DATA

¢

Q
Q a (8}
(=] (SN (= (=} (S
— W w>m Q o [e)) QW
QUIW O @ 0 M~ gux
o Quwwna.o=x 4 [we] (8172 ]
[ el e X O Q - >
= e, = b - -
Q O » - Q [ ]
&} QWIE>OZX X O xO (L] (]85 4
QL X X O .0 Qe
- == QL o Ll W - o e
L] [ ] - - .
- O\ = o ey w ey (\] o - ® - -~ oy e - O\ -y
Q O O QOO O Q NO o QNO o QO o 000
ngo ~ VOCO=ON [aa] oy w0 e~ o oo Q =N
e=til) ot — e O NI N ON N NON N WN [aal ] aTaa]
—t 0y wad gtk gl gt @ 4 et ULt - ) et - ot -t ol ol et

- - - e e » » . " - RS - [N ] - LR
VW OOWOWOV OV OOWVUL YOWOWOWR QWO WU YOWOWOOY
Qe N D D twwer e L P Do DO O D Dwll, @ D DA wet Do Dwrwrw

> Z 2 x 2 Zx Z 2 T Z Z> Z 2

L b U O vt L et LY UL Lt b LT )t L ot Q4 LY () 9ot L st UL LT LY ) St L e L (O =t L o LS LI UL
| tdad ad ol d ot S Sl ol Ll b ol el el el o o el et d Sl T et Y S
ot Dt T rtrtmtig ot Tt T vt Zra T wm Dot E Do g
Lo XX L0 OLEQOxOXLEOOXOULXOOXQxxx
ZrTOOUIOVRIZII~ITOLIU~TIOLIVI=TOOLVIOU~IVLVIVIIE

100

o O o Q o Q o O Q
~ N Mm ¢ [Fa I ] M~ @ o




8 dw |

AT OO NN FNONDRQmNMNMT N OO O =N FNONONC NN OGO
CRCOCTRPCOOCT OO C O it vmd ot i vt ot et oomd st ot A N AN NI AN NN O OO OO OO A NS
et et et o st st N O\ N OOV NN O N Y NN NN O NN U NN O N NN N NNV NN NN O NN Y

L €€ - € -¢-C- - € -C-C-€ ¢ - C-C £-€ - £ € ¢ - & -£-C-C-L-C-C-C-& € € -4 -E - £ & -E-C-C-E-¢ & & € €. & - &4

O WA

[ & () (& oA <o

Qo0 a a MY ITox "

Z o o VOTO WOV ITZ ZZ p o

Ot N n an=Xw ALITO Zed ™= p-d
WO Q -~ - T TV iem WOV ma - S =
acx = —_d>T =0 O e o= w O w

e ¥ O o Qb Q= o= . o E X -

O - ol ad (= - el = - el = [aals s B \a Y 4 w W ™

Z0 = - aalfw aaowy ITIX II ~ &~ T Q.
Qux x O xQ TIZ OOE-Z ZZ ZZ w v 2 ax
[ 4 X O aQ —_JNTO wtJVNOO wd a o o Wk
Q. o= p | ¥ Q=0 QD0 Ol Q- W W W Wi

. - -

-\ e - o -  om € em sy S S Sy g, T G iy ST gy PV, SE, S S SI ey T ey, S S gt PV S G P Gy T oy
O O Q NO o ONO [eBNelolololelelolololslololelololololololololololololololo)
Fan 0 o~ ® O O - NP OS~ORO~NMTNOOP O NOTNOND
Mwm M gm M NQS ¢ TS ErSnnnnnnninintn OO VROV O VYWY
-t Qo= o~ U] et -t el (L)t Ld s nd g o vl o gt gt gk et ) sl s gt st 1l gl o gy sl ol vrsnt gl el ] v gl gl
o O - [ =] - -t O [ RN R R R I I N A U N S B N A W

O = QWO WU O F WO WO VOV WYL OV OOV OV O OVIV0OVVOVVOVROVVOQOOVO0
€ vt vl D vt T D) et gl T st Tt UL, e 5t T o ) vt e st St P s Gt vt S S Y e — Yt g N et S e
= Z 2 Z2 Z2 I

ot endund W S e S S vt e g g W v s S et e e e

bt mt T bt Tt Tt et 2 vt 2 et bt b S s St St S et Bt Bt ] Pl S e 5 e e S o St St At S e St Gt
4N quin]. 4a]IN. el del. A N. Jolal.dnl-f e d- e do de o de e Jo o 4o 4o F A Ao 4o Ao Bo 4o o 4. A He 44242 4
TmFTOOXTUTOOURIVI~ITOUIUIIZTIIITITITITTITITIZZIZTTIXITTTI T

110
120
130
140
150
160




~ONM PO D O~ANOTNOSDOOO NN TN O VOO NMOIFN OO PO et N T N O P DO
T T OO NN N DA O 00 0 N0 N0 0 N0 O e e P e P e e P (D 0D G0 00 Q0 CDCC 0 O
NV AN NN NN YOS O N NN N NN I N NN NN O OO N N NN N N NS N NN NN

CC- € E-C-C & -C-¢-0-C-C-C-¢-C-C -4 -€-C-£-C-¢-2 - -E- ¢ L -& ¢ ¢ -E-E-C L - -¢-L -¢-€ -2--& - &-¢ -2 "C-&"4

AND TUBE COSV PER FT($/FT)

*
*
% o
* -t o
N Q o o
< — ~N ~N N4
- o N N
< - [w]
0 - P - o} cC
o e o — e
[ - O (L] Q
w 2 2 (&) (% Q jam]
- [~ T - (] &)
[N e} Z - [TaP= N -
- N 1 172 [72% (&) - -
—— - NEZ e o . > . [}
QO U Uies 0ed t —t o~ o
Ot O ZAOQ b= e o~ oo - o) PP, - oy
[ XD Opide Wiy -y~ (S]] D Ui~ i o LS
-t ol E Ok~  OQW oQ OV Q0 - wow o0 woQ
-e Qo - 00 O DO QD ©O 0O O QD O oA [J=]w]
VO W s ITXE el Uk WOFQ WOWkeke N O WWE-Q AWk W00
- D e D) Sl €D DUt NN N D 3*~b~~:~~~3u~h
2Z2Z D Z2 TIOwO ZWPOZIA-O ZWLOo — Z2lawnN ZWOoNZIa -
Wit O e eIl ¢TI ommillAY) sCr I ¢O Z =Wkt oOrabe U oomillli=O
D W JE e N IO | Qe | IOt (| S Qb= € s | b emtiom b ot b v (] =
——— X gD W _ ZWenZ 9Onnt_Z2onu e Z W ZWHHZ OM
WD W Tad Ublre~AtNOORe=NOWE~NO QR ND ™ QW et ONO O =t N O U b =t
IXXLD » wd [alanl TS INILTS T ST HOTS L T SIS ILIS] IS [STL I ST JITILIST L VS ol g
$ o
% D
QO # 2 o o (o] (@] (o]
r~ « [« (] ~— ~N I
~OOWLOL —~ ~ ~N LOLLN ~N o

178




il ad

AR L )

COmiNOTO OO C—NMAOFN OO O~NNOITVONDC OmiNAFN OO Qe TN O
DOCRORCT NPT OOOOCD OO QDO rmidrmd o rmad ot rumf 5t et ot ot (N O OO O NN NN OO ) (A 0y (T
AN OO AN (M MO0 00 010 00 (N0, N MO 0O 0 OO (A D DO 00 O O O O O OO 0O (O NN e N

A ILIAL I CALLCLC A LCLLALCALIL A LI LCCICL (AL LI LCL LA LL AL I

Q
4
o]
]
o]
w
o
> £ XXX ¥}
(] - * *
et < % %
[ o % #*
< U * P-4 *
< -4 Q * Q *
Q Q o b o +* —t »
- w 4 Zz w * - *
v [ 4 2 2 [ * (& *
[s 4 > Q Q #* w *
w v [« 4] <o) - » [V} *
> (%) w * #*
= us Qa a - % [ 4 #*
Q o = x e #* o *
8] Q W b > #* - *
[ - (@] #* L 3*
Z x * @ #
Q w 24 o o #* o] +*
— o W 7] w * a *
(%] w Q Q = 3 [ ] * < *
< > Z Q Q P4 * > *
w O ow w O 2 -l W * w *
x - [l g (B < o % *
-y O, et Gk ® 00 e QA o e OQZQ * *
[on] QIAQRNBPANNN £ SN G = g =~ O O #* *
) AMZD>IZ st smiedet ) QA WV QU Q 2 X R XX X
(S8 ] w OOW>QNNNNSNN < w - -
Q0 -~ Z2LAWLV IVIWOW & > & wm o | & |
[aYa] @ QA=CaAU=UW=~CO O W O T O -~ QO -
N W € OQOwhkrwwOOOO00Q W QO W = U = W -
s D ed D w0 ZA L b Db D b= e 1] " t [}
N ZWHONZ X OwdnNgdie il 1) b= ke b= o~ = N = 10
eOrubn Q) ot L QUN=NNHONOOVY Z2 n & a Z a Z2 o
b b | pmmtbe 22 QT e QUMW st Do et . e X e T
[4= X -4 HHNEIN rtrratet Q0 & VN &« W O W <€ W
NQOI=~ND 2 e~ ONOAQOO00 o & &€ = X bk X =
QORFPOLVL O Qbbb = O = O ~ O = Q
— wv n 7] %)
) z Z Z z
w o Q Q Q
3 8Q Q 9 9 [ )
~ NOQU VOW VLV LLUW VLU LLLVLLLLLOLL

179




I
1
|
1

(2W ¥0 213)dVA3 40 Y3uV 1H IviO0L 3
*Z1/16°0%%(31d/V3¥VI**+))=30S ) .
1INV 3IHv) I=v39V3 w
JANIINOD 082
*21/3d$=J34% _
3001-3001%¥d3=3d%
1V 1d3#9N0TdI =V 3IYV 13
3001%39d3=1V1d3
ONDIdI=NS I
| 3001%4d3=9ND1d 3 "
u ]
; ANII-NT - 3714084 38Ny 2 :
INNIINOD 022
082 01 09
*21/3d$=73d5S
3001-3SV93 #°2=134d5
1HI#°2=NS .
"Z#3SVE3I#1HI=VIYV1]
: 998 ° o»uoch*zauuwm<mu
, *0%300124d3=1H3
H 01z oL 09° (9320338947 141 - 1
S )
03¥399V1S - I1140%d Jenl 3 E

{3IMSA%Z*%D3104= 31 dxIMSOHY2°009€ ) /dHO V4% *H=13N1
S39N1 dVA3 40 ¥3IGWNAN TviOl
.mxamhgzmzh JMSAHL

T81)IMSOHY=IMSOHY
m:z_hﬂmw 092

J
3
(1d4)¥313WVIA 133HS 38N1 w +
2
J

J
(IIHL=XTNEL IWNSSY ATIVILINI)ALISNIQ MS dVA3 w

*H/dHMSA#Zx 2 dHTIO0%3 1 dxdHMSOYx *009€=dHO1d
(ITH1IMSOHY=dHMSOY

OO NN FNONORO~AMFNOOOO~NMAFNCOCO~AMNMTNONTCONO N MS
MM E F P PP S TN N DN N NN N O 00 Q040 0 0 N0 WO o= Pom P P e P o e e 05 €0 €O D O
MO OOEOAOAMOEOOOMEOMEOEOMEO MO OEOEOOEOOEOMEOEAOMEMEOMEAOO OO OO OO O EO@MEEO M
L€ € € €& -C- €. - C - E-C-&€-C-¢ ¢ -£-C- L& € -&-£-C ¢ & € -¢€ L -L-C-C€ € ¢ -¢-C-C & -C £ -2.L-¢-C-C-& &9

3
(¥H/WET)3LVY MO SSYH MS 3d1d 10M J &
*000T=3€HNLH ]
301ST13HS dVA3 w04 4300 IH V 3WNSSY 2
(13)H19N3T 3801 dVA3 NV 3NRSSY ATWILINI )

-




OEOAAOOMMNEAMOMOOOMAOETEFTEIITITEIITIITITIITII I TSI T I Iy
G € g S € g €0 0 € 4 € C L C-2-£-C-C £ -0 -C -8 L & -8-& - ¢ ¢ & € -C-¢-¢€ & & -4 ¢ & ¢ ¢ ¢ ¢ 9

OO CNMENONDCO=AMNTNOMDCOCANMIFNODORONMFINO DO~
VOVVRORPRPCCPOCOCOPOOOOOOQ O O rdmt md o =t st ot omd mmt (N OO YN NNV NN Y O (Y

(N19/4°2L4°dHISSINNITHL TIVM ¥OJ IINVAISISIY IVWHIHL
(J3101#3MSH41H%I1443)/73001=32¥ 1L "

VOO

dMS/ T =3IMSIIH

(N1Q/74°214°dH)IIONTIINOS MS Y03 IONVISISIY IVWUIHL
(23101+3MS1H23 1443} /723001=3T41

{N18/4°214°MH)IMS ¥O04 JINVISISIY TWWU3IHL

w:zuhzou
D310AL/% 2 +IMSNS#8 *xxIMSNYxIMSAHL %€ 20°

(I IHL=3XTH9)L IWASSY ATIVI
ZD~»<4wm¢Duzwbawom|m:h~ouz~m33a4uh2md
:Z

[}
(=}

S
N
Y

NOLOL MLVLL VLL

QO ke T

MS1L
INI
ayn
INO

o
o

00t 01 09
J3101/¢€ce*2x0371L/0310L)+€ECE " *x (IMSNI*IMSNY) XIMSHL %98 ° T=IMS1IH

NOT1VIZYH0ID 3IJLVI-YIOC3IIS INISN MO UYVNINWVI
062 0L 09 (°00€Z°19°3MSNY) 41

301S38N1 dVA3 3034 4300 1LH
IMSNL/3NSSIAXIMSE I=IMSNd

301S368N1 dVA3 ¥0d Y3IAWNN TLONVYJ
3MSSTIA/D3101%3MSA+IMSOHY%x 009 E=JMSNY J

181

LU VUL VIV

{INTELIMSSTA=IMSSIA
331S38N1 dVYA3 ¥O4 Y3GWNN SOTIONA3Y
69° 654439 =43INTAL

(0°2W/M WD 3°214°¥H/N19)4303 LH T1TVI3A0

IMSdI*dHOTI=ININD o
133781 IMSdI=3MSd) L

{3/M ¥0 J4°YH/NLE)dV AT HO4 NIWD
I3 %I3001+31d*13N1=3V1HL

VLY LVOQ

J
2
J
2




OO NMNENCDOO

O GO e I et e e e D
FEILL LS ST S

N0
OV 0Q
NP
A ILCL LA LI A A LI LA AL QA AL LA LA LA A (A AL LI LL LI

AOFNONDOP O N FNOP DO O et NP N D MR OO it
OAOMMMOMAMNGE P @ F I SO NN O 00
R 2 AU N - X LU U gL JU gL JUIL S SUL L S 48 B B X X0 28 B U2 o

*Z/(3IHI430HL) =3NT81Y
{3)dW31 NINB SAY MS GISIAIY
((NIN3=-)dX3-" 1) (VEL-ITHL)-ITHI=30H1
{3 40 J)dW3L 13T71N0 MS dVA3
{NIN3I-)dX3-°1=354d3
{NOCTISd3)SSINIATILII4I3 dVA3
INIWD/IVIHLIAIN=NINT
(NINICVA3 ¥O4 SALINN YIISNVEL JO YIGWNN
{36Y1+43€YL1+32¥043TY1)/°T=3N

(J°2ZKW/M ¥O 4°21d4°dH/N18)33vAHNS
Y3LINO-NOTLIVINDTIVI 34300 IH T1IVYH3A0

3G6¥1/° 1=3¢HNH

{J°2W/M B0 4°214°¥H/NI19)VINOWWY ¥04 4303 IH 00N3Sd
JeUL/°T=3MH

{3°ZH/M YO 3°214°YH/NLAIIHL ITVM ¥04 4300 1K 0AN3Sd
32¥1/° 1=3IMSHH

(J°2W/M W0 J3°213°¥H/NLAIINTITINGCY MS 04 J303 IH 0AN3Sd
3T1Y1/7°T=3MSH

(J°ZW/M ¥D °2134°YH/NLBIMS ¥O04 430D 1H 0AN3Sd

(3EHNLIH»30443 )/ *T=39Y1
* 1=30443 ‘

CHN ¥YOd4 3ONVISISIY TYWUIHL

2o

182

VUL QUL WLOQ LOUW VOLL VLY VUL WOW LUV O

3791917193N G3¥3AI SNOD
(ALG/3°Z243°YH)IONTI TNOL €HN Y04 IDONVISISIY IWHYIHL

(MM¥12°2)/713101/3004)90W#D3D01=3eYl

LLULVOVO




OO FONO D Qe NOFN OO POt N TN O DO Ot NN OO P O NN TN OMD
DDV RRNOOCCTRNOCOPRROCOOOOOCOQ QO O muieml oruf wt ol pud ot slomd st O N OO OISV
E &SP E TP ST IO AN D NN DN N N DTN DD D i L I L ini DN
I LILLIALIILILLLLLLC L L LML L LA LLCLL I LI L L L LI L LA I LLLLLLA L

J

(3€¥1043241243T¥13)%130-3NT191=2M13
(4)3¥N1VI3dW3L TTYM 30 1STIIHS

136417439 12432¥1043141D) /(€1 -IN181)=13D
{¥H/N18)39N1 ¥3d 0IYIISNV YL LV3IH
OV/364¥1=3544)

(N18/4°YHIEHN IFINVISISIY TVWUIHL

T, .

P o

3718191193N
(N18/3°¥HIONT TNO3 €HN A04 3INVLISISIY TVWY3HL

Ov/3edi=3¢dlD

(N1B/3°YH)SSINNITHL TTVM JOINVISIS3Y TVRWU3IHIL
0v/3241=3241)

{N18/74°YHIONITINOCS MS 3IINVISISIY TWHWYIHL
Ov/3141=3T412

{N18/3°YHIMS 3IINVISISIY TVWYH3IHL

31233001 %314=0V

{4°4H/N19)
(VA)IINVLIINGNGD 38NL ITONIS 404 SIINVISISIY TVWY3IHIL

(IVNLIV)IEL=(TIVIQI)EL JWNSSY ATIVI
NOTLIVATVAI AlL¥3d40dd YHOI dW

3
INT9LY mzm

183

—dt
—Z
l&i—'

Eh~
M QUUOLWC VOV YOV UOQ QLULLOVL VLU QLU

N

Q
ot

01¢ 01 09 t100°
1°0=91v2S | m
(INTI8LY-I
JUNLYY3dW3IL A IN8L

00
81
ﬁ.
(3

DA dod D= OWI
gt n ILND
nnLown
O Il QU Qe
XY e~ @ X b p

QO Jda J
QUIr Qe (D =

PUCNN.

< NNOX MmO
-
b OUULWWLOOO® =g

S

L- 4

. 1S31 3




CO=ANMNITN O DN O~ NATINONDOPC = NAFN OV Ot NNFIN QGO O NMF N
NOMAOMOMO MO P IS P PP TN NN NN O OO 0 000 O G ON e e po P P e
WA DN DA NN N DA A DD DD AD DA BINnID N @ R i i n i o inininag
L OO €& -C & -8 -C-¢-L - 8- & € & &€ - ¢ - €-€-¢ L -C-&-C. & £-8.2-&- & -¢- & & 2-¢ &-¢ ¢ ¢

A —— = : . ———— . roardhe o e ~.A

(YH/WE1)3LVY MOTd SSVW €HN 3IZ1WILINI w
(dVAId ) IH=VEH 5 b
(WET/N1B)IVE Ld 31VLIS IV AdIVHINI w .
EHNIM4+TH=ZH 5 u
(W81/N18)Z 14 3LVLS 1V AJIVHINT ) |
abmwwmzzux =3 EHNOY to]
133 )EHNNL=IEHNN L b
(133 )EHNSA=JEHNSA
( 143)€EHNdI =3 €HNG D 5
S311Y¥340¥d GINTS ONIMIOM w
IEHNII/EHNS dM=EHNJM )
*001/€HNdI=DEHNI I .
(WE1/NLEINYOM dWNd EHN DIINVYNAGOWYIH L w
NG/ 45T { Td-dVAIJ) *TIA=EHNSAM ’
(TL)EHNIE/*T=T4A < :
.4<:hu<-au.4<mo~.-a INNSSY ATIVILINI —
(WG1/N19)MHUOM dWNd €HN J1d0YLIN3ST
(3VAHL%3N )/ (EL-FTHLI#ININI% ( (NANI-DdXI-°T1)=01W13
(IVNLOV)IEL=LIVIATI)IEL IWNSSY ATIVILING
(D Y0 4)dvA3 40 3IIN3¥IZJ10 3UALVHYIAWIL NVIW 907

(30H1-31H1)*3ININI=3D

(M ¥O YH/NLSINDILIOQQV LIVIH 40 INNOWY
€1-2M13=3v113Q

(4)3NLVvY34dW3L 1 VIiI30
*Z/te1+42M13)=143
{JINOLILVYINDTIVI dW3IL WIl4 dVA3
(324¥1243T41D)%x130-INT91=TML3I
{4)3¥N1vyIdW3l 1IYM 301S38N1

T,

WO LWLL VUL LUV PVLL YLV

;



PO OmNMTNOM DO~ NNTNONMC T Qe ENGRRQmaiNO TN OO C M S
Pt DXEDDROVVORRRPCCPRCCRRROOOQOCQ QD O rmtwt amf omi ond ot vt g ovd et (| (NN AL N
FaltatVa RV ol otV l7o L atTotral 7oV all alT oYY o R Vo oY To VetV oIVl AV Rrv RV, IVVRVORV, R0 IV IV RV0 IV TN RV IRV IV, T¥0 2V, V4 RV, 2V, 2V IV 1Vo QYO RV,

LG £ L 0 L8 O € & € 8- ¢ 8-¢ €& ¢ O e-0-L-€ - 8.8 & -& €& 2 &4

w
[- 4
*
-t
-y
<
v
~
s
[w]
(]
(]
*
- L)
o) Ve it
Qo -y .
4 . —d
< I - -
= - aa Q
w > * . [}
- L] x o *
o « - N
th -~ < = * -
(=] ~N - Q W * 1S
[+ 4 * W e [ 4 -~ ~
[~ 8 #* [ ] * w =
[\ T <« - ] o
w x Z - o o -
aa 4 [V, Y] o (S -~
- o > x . -~ <L
4 Q T # -t - w
- * Q s O » W [~ 4
Ju. w ~ N #* Q L= 4
o] ] e =t - o
| - 8 a - (D ud [ ad =
- -l » w ~ 2 Q ] Q
N o Q. Q) W = [ Z wd
Z g ™ - 0 wv = %} [T
-t ey w o D -~ ~ i
~ =z D o e - ~— w
w SO Q= J * < OW ~ [V5)
A D W W o w O me - [+ 4
- N #O T § ~ a0 w 5
- | D v 9 (= o
w > Qb T < O o Z
O s (>3 ] X > u =Z |t et
— - WVZ < * %) ~ x
[V - M X W Z Que Z
-— - D o M O Ow (] (- 4
N - L e~ X T ~ +* [os}
pr of W BT ~MO2Z2 O Z = = ) 'S
' T b =TV UL D O e o
(M) (72 I Dot A we et 3 P
S > MIH% e % & e o -
A~ A == T O s W QO e -t
<™~ L - UM Z O e & in |5
> > VY X [ B HAQ et Q
W W Q0 @ ¢Z N 0 € WLANPFWY olld oI
and Dd D> QO ™M O OemD e D W
wZ QA VM Al o I wm XO ZOwZ >
O O ™3 AW O X & OarOtmnsdh o
TEZ < > TAM Z @ e ool = N
NoZ o X ZLXdq » X Ao U Z2uXZ N
NL4O U O2F W W X LuLfcuaed <«
TLL VI ETXT X>D> K & W =UuOLWEY X
(72 B | ~
W v
£ v
o a < (=] o
~ L) L
(8] MOVOLVOW QL OO () [l 1818}

185

IDEILBF/INZ)

WL

Wit Y
QA WTO>
QDT # W
D> o
o ol e 3L
- 2> S
- Sy
Wl SN W w X
CM>XH OO
O+ D>mE
e Q, oL WIS
| MO0 &
WL i) % A=
QZTH % N
W ZWILL ¥ ¥ s
e O # U
L 4V, T8
[ - ) ST L ITRITV
QA =~ +> Il W it
old ) w=t N} p= )} Q.
—trerldd Y WO § D>

QU Q, > O Al
MO o LY TN
XU WINWO

/12,

C

C ENTHAALPY AT STATE PT 3(BTU/LBM)

Rl




INOOOC=ANMTN OO ~ANNTNODOPRO i NMTNONOPO ~NMAFN O~ DO~
NANNNAA OO OO OO MOS0 OO OO0 VO QOO M-
LUV VOOV OOOVVOVOVOVOOVOVOVVOVVOLYVOVIOVVOVOIOVOVOVYOOVOOOVOVVOVLOY
LI LI L LI LI L L AL LC L L LA L L L L L L L L L L L L L LI L LI L AL

06t 01 09 |
1*0=ATVIS

W eI

(D3S/713)3EHNA LVS ¥0J 1S31

(2xxEHNIOX3 T d*dEHNOY2*009E )/ EHND Y 4% *» =4 3IEHNA
{23S/713)A112073A 30ISTIIHS VINOWWY Q3SITAIY

{IOHX L T—EX/YXN) =ZH-EHR{EX/HX) ) /D =EHNOVS
{YH/KBT) 31v¥ MOTd VINOWWY Q3SIA3Y

{4YH-0%H ) 24X +dHH=4H

{¥d )9OH=9%H

{Hd JdH=4¥%H

*001/dYX=%X
d¥X 1371N0 YO1VYV43S I¥NISIOW 40 ALIVAD 3WNSSY
{W87/n18)% 1d 31V1S 1V AdTVHINI

{dSAvVd }3H=30H

*2/tvd+ed 1=09AVd

{5d)1vSi=%1

W33dS0-td=%d

{W8T1/NLB)AdTIVHINIG NIVYA FOYVHISIA JOLVYVJLIS UNLISIOW

QLL VLL VLW

LLLY
186

QO

weanzo
-~
*
2]
M
X
<

(€d)EHN9Y =S eHNOY
(ZNI/4971)801VYVd3sS JUNISION 3HL SSOUIV dO¥A IAINSSIAJ

(dEH-9EH ) xEX +IEH=EH
~ma~u:nomr
£d ) JH=dtH
dVA3SO-dVYAdd=td
00T /deX=€X
ALLTY INW

WOV

dexX 1371N0 40LvHOdVA3 vno nssv 2




|

¢“\~OFQO‘O—4NM¢\K\~ONCDO*O~N(“¢U\ OO
Soloelveloel. oo Yo Yo Xo Yo ) O\O*O‘O‘O‘OOOOOOOOOO---:-—:-—#-:—.—:-&—#—:N

\OOO\O\OOOQO‘OOO‘O\O~O~O~O~OOOOO'QOOOONNRNFNNNNNFNNFFNNNFNN

TSNP Qe

VO
<<<d<<<<<<<<<<<<<<<<<<<<<<(<<<< AU AL ST LS LT T

NOFNOSDOP O~ m
I PP O O

mzthiwa*wmrzom*oiui*.ooom.\N**um:2m>.*~.**.Um

INNIINDOD OLe
0Z2% 01 09
.mmmm.u.»*:um:zxﬁ.mmmm.|.*n..mﬁ»md
001/733dS) 22 °Z=¥ICHNH 5
NOIAVIIYYOD SNIMO ONISN MOT4 HYNIWV w
OLE 01 09 (TINYLI*L19°HIEHNY) 41
(IEHNSARI L) /IME* L =HIEHNY
13N L/ CEHNOVI=IM 5
{O0N3Sd)YITNNN SOIONAIY w
.m.ﬂu.**.wmrthxmmzzm>*mm:zau.*.omodndwth 5
YIGWON SATONAIY NOI LISNVHL w
NOTLVI3YH0D SNIMO 9INISN INITI09-NON IWINDZIYDH w
08¢ D1 09 (1°1°19°33dAL) 41 5
NDIAVI3WYDI ONIOI0E IVINOZIYOH: €=33dA L J
NO14iVI3dB¥0) ONIII08-NON AVLINOZIYOH: 2=33dA1 J
NOT1VIIYY0D SNIMO IVINOZIYMOH: 1233441 2
NOILVOIJILIN3Al 3dAL ¥O1VHOdVAI w
JEHNNL/IEHNSAXIEHND I=3EHNJ 5
YIBGKNAN V10NV Y4 w
¥el=¢ 1
INN]INOD 09¢
092 01 09
yel=¢1}
09€ 01 09 (100°0°171°¢1130) 31
1Iv3S/7edW31a=€1130
T°0=17v2S (1°0°171°13vIS) 41
(dc1)1sav=11vIs
(E1-4E1)SOV=CdWI1 D 9
(4 9301€l LvS ¥O4 1S31i w
(€d)1lvSi=yel 5
(3 930)¢ 1d 31VIS IV dW3I1 QG3ISIAIY w
YIEHNA=JEHNA
INNILIND)D 0s¢e

187

ad




OO F O DT O~ AT ONDPO~NNAOLT OO DOOC~NATN O DO AN T NO~D
NANNANNANNNAO MMM A OO G S 23 OB DN NN AN DN O OO0 O 0800 O
P o e o P o o o oo N o o P o [ P P P 5 o P P e (o o e o PN s P oo P P e e e e o o o e o P o e o P
AIAALLL L LI L L L LA LL L L L LI L L L LI L LI L (I L LI L L L LT L

2(CECE =) An{(O%EXTEHNN L £ 2% I EHNOY R 2% 009F )/ Z523IEHNSA) %128 °=yQ4LH
NOT193¥ 0340713A34 ATIN4 NI NOT1D3ANDD

03 11/V3IMsICHNd D% *€=HALH

NOI93¥ 9NIJOI3A30 NI NDI1D3ANODD

SNOLAivVI3IHYAD INNA ONV ZN3IY0T INISN MOTJ YYNIWV

06€ 01 09 (Z3NY1°19°AJCHNY) 41
(IEHNSAXII00L#I 1 d )/IMe "y =AICHNY

(TVITLU3A-00N3Sd) YIBWNN SOIONATY

(G0°T-) 2 IEHNNL/IEHNSAXIEHNID )% *0085=23Nd 1

SNOILVIINYOD ¥OJ YIBWNN SOTONA3Y NOJLISNVHL
SNOT1VI3440D SNNA GNV ZN3IY0T INTTIO8-NON TIVINDZ19NH

00% 01 09_(°2°19°33dAL) J1
*2/733001%31d2S° #x13N1=0471

(14)1M0T4 43407T3A3C ATTING ¥04 HIONIT 3801

CECE“axl (Onl2x3IT
CHNOY % 2%%°009€) /IEHNSAL*E )2 {FEHNDD/ ICHNINLI %I Idx "%}/ (° €/ %) xxVIM=0QL

(13)M03 9NIHOTIAIQ ¥04 HIONIT 39nt
(°2/723001%31d) /3M=V¥3M
38N1 40 HLI9N3T IVIXY LINN ¥3d4 31ivy MO
1INL1/EHNDTII=IM
39N1 ¥3d GIOVYIAVY JLVY MOIA
€ ¥0 2=33dAL ¥0d SUYILIWVYVL AJILINIO]
JONTLINQ)D 08
02Y% 01 09 ’
m A%k JCHNIR L EEEE  ~) e (L ExxIET J
HNNA%Z %223 EHNOY 9% Z%x°009E ) /Zx2FEHNSA IRT *%x{D3001/23dS 1%GBT* =YICHNH

NOILVIIYY0D SNIMO ONISA MOTd EN3IINBYNL

LOLLO VAUV

QLLULLY VRV

188

LUIQ

MNULLLL WOW WOV

J
J
2




a0 €0 00 Q0 W0 @C A O VP O

OO PO~ NN O
OO € vt el pmt et g ek i

Balsa]
COoQ
«L W D

L4 G - C -8 -E-¢ - E - ¢ ¢ L -&- -4 € -E-€-¢ -C-€ ¢ € - - € ¢ & ¢ -¢-¢.&-£-¢-C- - L-£ & - &-C-&-&-4

O Ot NN O D O O N MNP O P D PO 4 NN N QA= Qe (N
Ottt re e QOO DO DDVR DO RO TOOD
I e e e o B L e o e M N N e e i e et S 1

NOT1VI3¥¥0D 9MNA ANV ZNIY¥0TY ONISN ONIDVIO0S

(CIHL/CTL~-"1)a(22°-)2sA3EHNYT
2 (CCCE =)k {({D2CaxICHNRL A2 ATCANON AT 2 OCOC )/ 2o 2FEHNSA) 2128 =401 H

NOI93¥ (G34013A3C AIINI NI NNY1D3ANDD

04 TL/7V3INLIEHNDI% "e=HO1H

NOI93Y 9ONIdOTIAIA NI NOI £33ANGD

SNCTLVTIIHEOD INAA ONV ZNFAOT ONIST MOTd HVYNIWY 1

OI% 01 09 (€3NUL°LD°A3EHNY)} JI
{IEHNSA=DI001%x31d)/IM%° H»=ATEHNY

1 WIT1YIA-0QNISH I YIGWNN SOTONAIY
{90 °T-)2xx{IEHNNL /ICHNSARIEHNID)» 008 G=£3NY1
SNOT1VI3¥Y0D ¥O0d ¥3IBWNN SOTIONA3Y NOJ LTSNVHL
SNOT LV TIIYHCD ONNA GNY ZNIHOT ONISN 9NIT108 TVINOZ I¥YOH
INNIINDD
0¢% D1 DO
YO JIH+ MO H=YIEHNMH
NOTAYINITYI MOT4 ANI TNGUNS

GO 22 IEHND#H 22 AJCHNYR( ET
EEE =) 2l 1 DO%E kR TEHNIL T Ak FEHNOYAZ 2% *009€) /222 ICHNSAI2E0~-3B° €=NOJIH

NOI93¥ 03d0T3A30 ATI04 NI NQT 1I33ANOCD
G37L/V3IM%IEHND I% “€=HALH

NDI93¥ SNJdJO0I3IA30 NI NO11D3ANDD

SNOLIVIIYYO0D ONNA ANV ZNIUOT INISN MOT4 INIINGUNL

Lo

LOLLL VLW

FOQLUY VUV
189

jo
o

(18 [0}

MUOVL VLW
LY
il

w
o}
4
-
[
z
o
[
o
(003

YOI IH+ YA IH=YIEHNH

SHNOTIVINDTIVD MDII YYNIWYD
(G311/7004-"1 1222 - Ix2AJECHNYT L

“
{

LLO




RO O~NANMTNONDOOCNMNIN OO CaiNM TN OO ROt TN OO O ity M S
et o=t NN NN IO YN OO O (N O N B S SN DD O O OO O
G0 A0 G0 €O GG (B €1 40 A S0 CC €O CO E)) CO B0 @O €0 QG A0 0 0 A0 &V AL A0 A0 €O &0 A0 A0 A A Q0 €0 4B & €3 T A0 O OO G0 A WL O @
L€ - ¢-C-C- & €. C-C - €& F-8-C- & -C-C -¢.€-£-0-C-£-C-€--¢-€-C - -C-£-&-&-¢-L-C-&.L-2-& 8¢

Z

oes

oey 0L 09 ¢
1°0=HIV)S
(ICHNLIH-Y

1
H
{
(

NI INND
OIlQOWW Z
TITN QOO
Zdr T Lot
- ) Z

TLOULWL-~OO
QI Q=T OV

1
INNIINDD 02
YOJIH+YOIH+8LH=Y3EHNH

1AVINDTIVD %074 IN3INGUNt

SNO
Zxx3V1N1302Exx { {IEHNS®{ 3EHUNIH-IEHNT
OHYI/IEHNGD Y. (G % { SEHNOY/SNIL)2Ex%4SIY/(IEHNIH-FEHNOH) &

£0-3866
‘m

LU FTLLV

B ITLeOX

NOTLVI3YY0DD ONNA OGNV ZNIYOT ONI

GOk 4IEHNIRY e A EHNYUR( ET
EEE ) ( (OnERXTEHNNLAZ xxFEHNOU K% % *009€) /222 FEHNSA )2€0-38° €=Y04LH

NDI93¥ 03d0173A30 ATTI04 NI NOI £J3ANODD

03 11/VIMIEHND DA *€=UALH

NOI93¥ 9NIJ0T13A30 NI NOIL133ANOD

SNOTLVIIYHOD INAA OGNV ZN3IYOTY ONISN MDIJ INIINAAUNL
JONIINO)D

0Z% 01 09

YO41H+ YO LIH+G 1 H=YIEHNH

OI1v13¥Y0] MOTd HUYNIWVT

WOV

(=]
—t
TOLOLOVL VOO

VOV

z
Z%23Y1130%¢€
OH)Y/IFEHUNGD I { G 2 ( IEHNOY/SNIL Ixe224SD) /(I IEHNIH~-IEHNIH

£0-38

)
66
{e
te

190




216 (0Z2*%{°0071

WMM TZAINIV+ T)40T»2{"0O0T/INIVH T+ 1) 2 (G T1/3000 )% 13N1%x (2343 %T13)=3W1D 5

606 (¢)1S02 W IY3ILVW 38Nn1 ]

806 )

106 INNTINOD 04%%

906 06% 01 09 1
mww L°0%x3001%13N1x*4$€E=3]11) 3 4
mwm ($)1S0D NOITLIVITIVILISNI 39n1i w

wmw (S*°T1/73001 )% 1INL2 (234371213 )=3WLD 5

mww ($)1S0D7 WIMILVYW 39N} w

168 0%% 01 09 (°“1°03°11VNWL) 41

€°2%430S1%9R8% 68 1=3WS1D
{$)1S00 IVIY3IIVW L133HS 39ni1
(°%/3S11)%(99°0/310)%(°0€96/13N1)*%°669951=31S1)
($)1S0D ¥0BYY 133HS 38N1
89°0%%30S1%9S5°0=3S11
(NT)133HS 39Nt 40 SSINMNDIHL
(6°-3001)%99°0=310
(NI/NIWMIIH, T13HS 39N1/3WIL INITTTYA
13(se-0T I¥3L3IWVIQ 133HS 38N1L HOLVHOLVA3

08% 0) 09 (°6€°19°340S1) 41
(3 }LINN ¥YOLVYOdVA3 43 1S0OD

HI9N37 3801 1VS w04 1531
(13N1#23001#31d)/¥3IVIHL=Y31

(13)H19NIT 38NL dVAI QISTAIY
IN/INTWIENINI =¥3IVIH L

191

{214)vayy ¥34SNVYL 1IVIH dVAT O3SIA3N
YIEHNH=IEHNLH

LS - g g & & - g L & L -0 -C L -0 E % & -C L Q- E . C € C -C L -C-€ & ¢ ¢ £ -0 -8 -C & £ & -E-£-& & -4 -4 ¢
LVOLU LWOW LLLVLV LLLLLY LVLLU LOUL VWLV

NOMOCO~ANNTN OO ROANMTINOMNCNO NN O
LelNeloNelVol dat e ndanl ael ind i dinc o o Lo ods oL- oXc ol- o Xo o of- oTo Y0 Yo pT o R o Yo N o )
<0 00 0 QO QO O A G0 CO0 A CC A A0 QW 0 O O QY AV W CC A 0 GO GO 0 AW W O MWW O




-" AD=-A098 567  NAVAL POSTGRADUATE SCHOOL MONTEREY CA F/6 20713
OPTIMIZATION OF A LOW DELTA T RANKINE POWER SYSTEM. (U)
DEC 80 R C SCHAUBEL

UNCLASSIFIED




| O 'z |
= fw
= L "=
c o 2o

—
—
reg

= e
L2 fiLe e

MICROCOPY RESOLUTION TEST CHART
NATONAL ROREA 0F STANDARDS jocs A




TO~NANMTN OO
S BN
o3l a2 Yo ateale T o gt Jo To To 00

8%6

GEL

PN OO O NN SN O OO =t N M T
bl gt ot o ot st O\) TN NN ONL NN SN (Y 0, (N (YD
[o o ) e X Yo N 00 X Xo Yo e Yo o Yo o 4o 0o 0o T X e Yo e 8

<L A CLCIC LA ALCILLCA LA LI AL LI IL LRI LCALCIC L AL LC L L ST L LI L

INI)1I33HS 38Nn1 40 SSINMNIIHIL
(6°-3001)%99°0=310
INI/NIWMIIHL 173HS 39N1/3WIL1 ONITIING
14106-SE)U313INVIO 133HS 38NL YOLVYOdVA3
3

Z
s
-
<
Q
Q
(=
@

(3940243 ML +ISNIMI+IHI+IADH9I43ISHI+I11D4IWLI+3WSL1D+43S
L°0%xx(G°T/7300L )€ TxxL3INL2L6

oL

ZEZ>
=l b= QO QWO
(8L Ll SILISTEIS ]S L)

L°0%x(G "1

«omM
-l P O
Qb= of=lliOWON

2t 4
[« 1

W= 9
eI D)  DwinD

=Qm
OXZ=~ Z02Zy

0°1x%
9 (0
09

- %
O

—~ O
Ud s i b e (LT b L b

s 4 Qe 4t =A.O

($)1S0J 9NIOT3IM 38N1L
Zx%(°81/30S1)%6L°01€02Z2=3SNIMD

($)1S0J S1YOddNS OGNV SITVZZON*13IINT YILVM
Exx(°81/30S1)2°0%2€5=3HD

($)1S0J7 SAV3IH HIX3 1V3H
Zx2(°81/30S1)%°05580€=34349)

($11S0J S31VId MOTd ONV*STIINNVHI*SIONVII *3TLSNE
2xx(°81/30SL)2(99°0/310)%(°0€96/13IN1)%SL°598£6=38d0)
($)53744v0 OGNV 3LVId 1SIQ EHN
C*x(°81/30SL)2°1€/1°94371)2°S92LL1=3SHI

($)1SO3 IT3HS HIX3 1V3IH

INNTLINOD 0s
(0Z#x(°00T/ANIV+°T)40Tx%x(°00T1/INIV+°T)+°T)x2°0%x%x30C1x13INL1%*HE=311)

($)1500 NOLLVITVISNI 39nl

09%

POLLLLY WLL

Y

LUV TLOLL VUL VULV LVL WOV VLVV




{$)1S0J QV3IH HIX3 1V3H

C1°C#230S1#L06°2L%=334738)

($)S1S0D 31vVId4 MOTd ONV STI3INNVHICIONVIS*3T11SNG
310%€L8°02213INL2619°22428° T+%30S1%660°851=3040)

($)1S0D S3733ve ONV 31VId 1SIO EHN

90°2+%30SL2(°9+4371)2%%6*21=3SH)

($)1S0J TI3HS HIX3 1V3H

m:z—hQWWq
*%(°O0T/INIV+°T)+0Txx("00T/INIV+°T)+°T1) %L °0#%3001513INL2x2%S5°9€=3]1)D
($)1S07 NOTIVITIVLISNI 38NnL

{02 (001
T/ZINIV4°T) 40T ( *O0T/INIV+°1)+°1)2(G°T/7300L )+ 13INL= (243 11213) =3W1D

($)1S07 W IY3LVW 38N1L

3NN11NO)

0¢s 0L 09
1°0*x3001%13N1%2%6°9€=311D
($)1S00 NOILVITVISNI 38N
(S°T/3001 )*13NL# (2343113 )=3HL1D
($)1S00 WIY3LIVYW 38N1L

016 01 09 (°T1°D3°71VNW1) J1

3NN

3S11»T19°T2230S1xE°HSE
310589 °0%%30S 12162 °0%x*13IN1218°¢E

v vl gned ot el omnt gl gl v

eI LI L AL CLCICLLILSCIC L LI (LI (L LA LG LA CLCCCCCCQCC QAL
NLLL VLV VLW VL

=}
~N

o
-
NOLY VOO

VLW VVL

. -

00s

o

06%

351 0°2%%3
3as L°0x=x1l
01 09

ONV WIY31lvW 133HS 39Nn1
89°0*%30S 196 *0=3S11

S
31089 “0%%x30

T AL OO s L1 UL wnt
=OVOLLOW

1251 051299¢
1216 wz~*%c~
06% (°1°03°
vy

($)S1S0D w09

OO FNO PO PO =i N MNP IN O OP O =N F N O DO =N P U O D O O =t N AT N O = O
OO0 00O 0 OO e o o po oo YOV D DD ODODVOPPFFOPFRPROOOCOOOOO
(S =18 ]

OO CTR TR OTRCROCRRTRCOCNCOCRRTCROOOCOOO000




9601V 0LS 01 09
GS0o1V dHMSNY/° 49=dHd J
mmmu« 09S 01 09 (°00€2°19°dHMSNY) 31 5
mmmg« MO YVNIWYT ¥O0d ¥OLIVY NOILDIYS w
mmm « dHMSIA Z7dHIG% dHMSAxdHM SOY¥%° 009€ =dHMSNY )
mwm#« MOTd 3d1d L10H Y03 YISWNN SATONAIY w
9501V (ZNI/d a.: w
wwm#« NOILVIIYY0D HIVESIIM-AINYVA ONISN 3dId LOH MS 4 vii30 3
tY01v (3IHIIMSS JA=dHMSI A
2yolv ao.owwom Hi=¥31H1 :
1901V (3 1HIINSOHY =dHMSOY .
0501V dWNd MS dVAI 4 V1130 I g
mmwg« dWNd 3d1d 10H ¥O dWNd ¥ILVM 1vS ¢c~<¢oa<>m 9
, LEOTV w
: 9¢01V EEREEE Rk Sk Ry S Rk kk kkhkk Kk kR kg kg o)
i SEOTV * * w v
1 YEO1V * * S
i €E01v #  NOILJ3S SSDV JI1ISVYVd = ) < -
w CeO1V » % w % 1
T€0TV * * 1
W omou v Bkl Rk Rk ok ok kg B Rk ok ok kR g w ;
£ 6c01v
8201V )
1201V INNIINDDY 0SS
9201V .mz~u+mmz.xu¢m:u+mwuuoo¢mn=ou¢mm:u~m.hu.uz»u+mzm»u+m4mhwxnnc>mw
G201V NIIND 0%6S
201V L°022(S°1/3001)%€°1a+13INI%L6L8B°0=IN1)
€201V INNIINOD  O€S
2201V o%s Ol ow
1201V L°0%2(S°1/3001)+€0° T+ 1INLEL°HT=IN)
0201V 0€S 0L 09 (0009€°19°13N1) d1
6101V 04%G6 01 09 (°T°D3°11VWNWL) uw
8TI01V 0°0=3n1
n_w4< )
m“c#« ($)51507 9N1GI3M 38N1 w
mﬁm#« T° 122305 1#262° SH%L =3SNIM)D )
m“m#« ($)1S07 S1¥0ddNS ONV S3ITZZON*L13WNI ¥3ILVM w
: 0101V SH°T#230S1+1€°GZL T=3H)
: 6001V )




i T i ——

%011V w: 1LINOD 08¢
s sniz neta]

M“«w« 08S 0L 09 (°00€Z°19°IMSNY) d1) 5
wmm“« MOI4 YUNIWVT ¥0LIIDVA NOILDIYS w
%Mm“« (NOFI193S dVA3 N1 G3NIWY3LIA)dVAI YOS YIGWNN SOTONAIY w
mwwu« {2N1/497)3402 ¥0LVY¥0dVAI 4 Y130 w
€601V (95 T1409%°2 )1/ 2%IMSATIMNSOHY % { INY+ INY) =3INIWAO

¢601v ~1=3%d

1601V §0°=1iY

0601Y 9
6801V . (ZNI/487) (410A3S3Y p,
8801V JLINIJINI NV Ol NOISNVAX3 *T1=3% ONV JINVHINI 36N1 2
%mm“« G30NNOY T113M SO°=IXN 3IWNSSVISISSOT L1IX3/ZAYINI MONINW w
S801V (ZNI/497)NOLLYIIYNE) HIVES]IIM )
mmww« =A32UVA ONISN (ONIdId 1371NA0 ON IWASSYIYO0LVYYOdVYA3 4 V113Q w
mww“« H3d1dQ+H1INAA=Hd1d0 5
0801V {2N1/7497)NOILYINDTIVI SSOY 3dId 4 Y1130 w
S01V 3
%»w“« (ON1dId 1371N0 ON 3IWNSSVIS3ISSOT 1ONC 13WNO w
GLO1Y (*H551%09%°2 1/ 2%xxdHMSASd HM SO ¥R dHNY=HId1dQ

m»wg« dHIA/dH V1 xdHAd=dHIY 5
m»w#« tZN1/4871)S3SS0T NOILDIYd 3d1d w
OLO1Y (°H%91xI0#°2)/Z%%dHMS AxdHMS O d% | 3N dH+1NdH) =H1IN00

6901V Cxx (k% ((dHIOx® ¢)/MHI0)-"1)=3IdH

ity S hE
9901V (ZNI/49T7)4313NVIAQ 3d1d IHL SIWNIL € OL GIINVH)I p)
5901V ATAdNYAY SI vIYV IYIHM dVA3 OL YOIdd WNNITd SYIIN3 J
Mww#« NV N33YIS 13INI ¥0d S°T=) INNSSY)SISSOT 1I3NA INVINI w
2901y w NILINQD 0Ls
wwwy« Cex (1 6°axdHMSNY/HL° G+ {dHI 0%L°€) /dHI) O0TV) /G2E *TI=dH3d 3
WMWA« YOI ¥ILIAYLS ONISA MOT4 INIINGUNL WOLIVAS NOILDINWS w
L1901V INNT INOD 09¢

rri . pmpp R i




Uy
ol

INISN (LNOIMSL=(NTIMSL2ZA=TA IWNSSY)IIdId 00D MS 4 V1130

.¢\auzw>§wilau~a*m—a*ﬂux OY¥* *009€=dJ074

JIJ1IMSSIA=dIMS

9°65%+J1J1=Y)]

(J1J1)MSOHY=d IMS

(ZA=TA*(LNOIMSL=(NI)IMSL IWNSSV)JIWNd MS YISNIANOJ 4 V1130

diNd 3d1d 01700 ¥0 dWNd Y3ILVM 1TVS YISNIONOD
€043TZ°T4(°0G+GL° % (°000T1/2dWdID) }=dMS3I

($)dWNd MS dVA3 J0 1S0D

W% °092dWd3ID=IdHJI3D
*Y/dHMSA%C x+dH1 G%3 ] d=dNJID

(NIW/IVO ¥0 J3S/€l1d)dWNd MS dVYAI 31VY INIVHISIA

JINI /7MWIxd IYMd =Hd JUMd
*00T/3KW3=I3NWI

(MW )YOLOW dWNd MS dVYA3 Y¥3IMOd

(39%°009€2IdH2I3IdI) /9%I3dNd0x dHOI4=d JYMd
*001/3d3=J34d3

(dH)dWNd MS dVYA3 ¥3MOd

(9%dHMSOY) /I9%3dnhd0% 44T =I3dNdC
3IY0I0+3ININdA+HId I dO+H1INAA=3dWJ0T

(14 ¥0 ZNI/4971)INCILVINITIVI dhWNd MS dVA3 d V1730
3340J30+3ININdO=dVA3Q
(ZNI/487)031vINIIVI YOLVIOAVA3 4 Vi34

(991 2I9%°2) /2 x%IMSA2INSOH YR IHNY=3 3¥0IA 1
J3104/3 M 2344=3HNY

(eN1/487)031vINITVI 3¥0J dVA3 4 V1130

3NNIINOD
Cx2l(6°+2IMSNY/HL° 64 (I310L%2°€)/323)90W )D/62€° T=339

dY¥0D Y3133YLS ONISN MOTJ INIINBUNL ¥OLIVY NOILIIYS

O
(518

=18
L=

VOW LWLLW

WLL WYLV LWL

LOL VLW

ol el

NOCRPO~NNLNOMDPO =N FINOCONOC N FINODCOANMENOOPOmN
QOO OO rtont omi st punt s o=t b s b () NN YT NN N O O VOO N OO MNP O F F F F F & NN

A ALL LA CLCAILALLLCECCAC L AL (L LA CECCLCECCE LI CLEC LI CC I LIS

ool g g vl gl el ol gunl smad gl gl ol
Q
[

VIV LW

[alalalal




el et L e WM

TAGIIY Nl g g

MNP OO O miNNE VO VOO =NMFN OO PO = NOPFODRO~NMTN VDO
AN 0 00 00 00O O O PeP=P PPt =0 DO B DD DV DDN OO RP P RO
B e T TP T e ) gm gl g 9 d g g gt gt ) et e s P e b g et el g gl et €N
B D S0 S P S0 PP YD PP MDD S M P S D MNP 5 D P YD M MDD S S MDD S5 M N M 0 S M RO P PP DS N
AL LLLLLCILAILCCLLCICCICLCCACCALAILCCC A CCCC L CAC L CC]CLLS

o~
*
X #* [a]- 4
XX - wiw)
O = av
W & 4 -
[ [VETTES [
o # oQa. <
W » Z v X (1.}
- a Ca. -t Z
w O -t » —
w = - 'S 7]
‘X wWow (L.} - 2
- 2 X *» .
(7, -4 - . >+ - [} -
a ~ Y44 ~ 3+ N ~ il
() L o0 - - Z ~ 2
= Z ™~ o O\ - * o a -
zE wn - [ Y- 4 N QG W - (S ] -9
O ™= v n - =] » O W N - s
- > D 4 Y - ~N* » @ 2 - =
N W N - x *a L | = » ~N
4 -9 o x a wHa L I% N - ~ -~ gz
- WO Q 0o w TZW - - - Z . o vy
~N A = X O - WS N N -~ 0O o [ = L N
[THE S - Y - | w a N2 *®> Z N = - AV U,
@ a #% 40 * va < Bh = TR - we Da
- a W [ aqa T -a N 0O% <« = Q¥ O =
-0 v 2Z e — - U e Jd (o [~ ) - Z
Z o 3 X O W ™ v Al @ JW 2D - NS QZ
0O nwa O - W= (= - WUE O v NG Z0 -
- Q0 > 2 DN A= = - SN Z Pt - X
- *» = e 0 a NZ = Qx v o> « w D Wk O
< & O E o g O cwa BEE W O O O Q =P Tg -
- 0O VU Q w - D tem V) wme@ w Q®*Q DJd W
W e B L O [ QcnN NW VI OV V& X UmPdag N X
(4 7 ) 1) —-ZnZ ¥ O N N ™ N o OW NX
@ & O < &N € O ol ) “a 4 an O a [ AR ®
O W e 60 % o J ~ a.u VO J QO 0 woIQ O =
W D # = R > Wit QO+ s -la b = Qb U
T s O OV O - N —_ - W W TIao w
X 52 0 « oz < N »Z o QY = w QA = W NEWU> T X
WV 2 O U ax U N -4 & -t = B0 = W D 00 2V DUV
S 0 WUNQ N o Of Ul 1w W ax a 8 Q ITWXy We Viem
T VN M Z Bemill F MU T O\ ‘v wm Y XQwd QO VU
VN A O VNESOD O D WECW Omiill & Wil & O Ao HEwd 2 -
- o Qe [ 4 — ) W et " Twun Om (]
WO O = XHOm o e € Wy W N W € O < =0ow VW >0
X Z X WU wliek O Ak WEE =W W aa = a = 00«KZ i
) D= ) - Q& Al XX G WUm J m J WOUWWY Q) o dJd
> W Z £ WiLO0O & W == QAQ - XA W a6 W Q<A » <«
3 € & W "LOUY W WL TaB0 VLV a O O O 0 xxXQO :3 :b
3 T
< ws £
(=] g 3 QO -
VOVLW VOO VLY VLVLLLVV (B8 18] DOV VLYV LVOLVOV

197

.




=OJON PN O QPO == NNF N O DO Ot NN TN O D PO e N F N QD N QAN N Q =D
COOOCOO O O rnt rmi b bt amd el mmd b el (N NI N NN NN N O OV YOO S S
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

<<<<<<<<<<¢<<¢<<<(<<<<<<<<<<<<<¢<<<<<<((<C¢(¢<<<

~N a
Q * Q
w » -
[ 137 - -
Zh= - N 1Y)
Do o 4 X
Q2 ] — [
(-4 - » ~
[T [ . » (1. -
-Z <> T W m 4
vt L 4 =4 -l
w - [7, ] - 17, ]
x2 * > - 2z 4
L4 w0 [+ 4 s O w -
" ' ~ - R b ~
oo * %) < N $ - 2 -4
ot 3 = ~ 2 - o uw —
" o~ 7] . — * > ~
-~ - w 7] 0n -~ VO W - .
0 -~ a - + w O w @
- o~ - —— > - m » W -t -l
wu * N 7] ~ ) | . Z -
2 *» 2 w (8] (= (8] - N W - é
D« O = @ QO =X ™ g Q -
a. T N - - 0O O Q — - 0 = —
73 VW e [~ ] - - N O O n -
<w > a - W O » 4 » ")) <
3 z - g * « (= ~ 3 s E ¥.] - 4 g
[ ] - [ ] [VE]
Udomt x W o g a Q () [x) = =) L Q
7Y w o X} wZzZw ~ - N W e .4- 4 -
vl e © > - ~ L 4 > D wiw < )
Qe Q¥ T o 8 -~ X -~ 5] (& ®* O 0 =Y (B) i
oY J o VO « o 5 LY (L] Z )
o3 Qe * o G X2 4 O w w OXR O« [+ 4 :
O 2N - W -l o ~— & =N U e~ LT w i
N wmIZ W 2 a0 & 3] O QA v O v 1
Thm X ¥ Z W =T O N O O = Z =~ ox 2z f
P WIS < W QM - - -t N W e o w
O SOW ¢ O T = O =2 < Q Uk O = @ (=} i
N W20 — 5 3 Ne « OV - 2L o 2 O =1 b4 H
- [. £ ] p¥4 Mo 4 ~ (= o e e (=] |
o ol € O - DO 0 W #XY O H'° w e 51 :
W= 2w - VvV >3O Z IwFwNW e QOW 4T OWw 1
DuN W= v A Q M O VWeldDMD A Wil & AyVdD « Hd a '
F4-4%) WD © - I e Z *°Z W > 2 DWW L2
-IR & > emZ < O XV b XOOmemirm € HW € WO wmT We o« .
) O i e = Z VX O wimmlie o OX b s jhpe tmhe = = :
Zd0 DV =WUE o > o 20 o TO o 2 & w2 J .
OOI mDw X0 W W w=Z ¢ LLOCWO W ¥ W WLabDo wy ad w :
V=X = XD O & P b =LOLVWLLY O O O =QVY >0 Qu Aa i
i
o Q O Q o ;
~N N ¢ w |
0 LVOLLY VLV LUV 8 VLY (8158 VOLULLY DV ;
]
4
4
198 !
4
§




ud =l gt gl st

ol et emnd e ened o

4 onnd want el s

ol b o ol

o ol ond ammd onnd ount et e wued st aond cnd cmd mud

QO ANMTIN DD Ot N MNP NOM= DO = NN N DD Qe N PN O P D P Ot NNV SN O
SHONNUVA NN O O O 0 Y0 201010 \O O P P s s o P o o e O DD O D DD D O DO RO OO
ONONN NN N OO NN N NI NN O NN N AN TN NN N NN NN NN NN NN NN N
LI RCICALLC LI AL LA LA LLCL L LLLC LI L LEC (AL (L LI QAL <L I]LL K

vnd ol ol o) ounl omd

[ 2l e

dEHNY/* 49 =dEHNS S
0L9 0L 09 (°00€2°19°dEHNY) 4]

MOT3 YYNIMVI 301IVd NOILDIYS

dEHNSA/EHN 1A dEHNAXIEHNOYS *009 E=dEHNY

MOTd 3dId €HN ¥0J YIGWNN SOTONAIY

(Z2xxEHNIQ#3] dxdEHNOY%*009€ ) / EHND V4% ° Y=dEHNA

(33S/754YA1 17073A MD3 3d1d €EHN
TINCILVIIYY¥0D
d V1130

HOVESIIM-A3IJYVA ONISNIZ2A=1A 3IKWN ENN

dhHNd NOILVINDYID VINOKKWY
€0+4312° 12 (°06+4GL°0%(°0001/2dNdID) )=dMSII
{$)dWNd MS AONGD 40 150D

9% ° 09%dWdID =IdNd)
*%/dIMSA%Z22dI10%31 d=dWdD

ININ/IVE YO J23S/eld)dWNd MS ONOID 40 3LvY IIIVHISIA

JOWHI 7MKHIxd JUMd =Hd JUMd
*001/JW3a=JIN3

(MW)YHOLOW dHNd MS ANOD Y¥3IMOJ

(I9%°009€%IdH%IIdI) /9%IIdNd0xdI0Td=dIJUMd
°001/23d3=J2d3

{dH)dWNd MS OGNOD ¥3IMOJ

(9%dI*SOY¥) /9% IdWd0% *H 41 =])dNd A
33d1d40+2349000+ININAA+INIAA+21INAA=IdHdA

ti1d d¥D ZNI/49T)INOCILVINITIVI dWNd MS ONOD d V1730
3371340433 ¥020+INTWd0=0NDI0

VOVWLWLV OWY WL

WLUL WLLW

(S8 (5 WYLV QUO

(SRS [N

199




(INIW/TIVO ¥0 J3S/€E14)dWNd JYID EHN 3LVY IJNIVHISIA

JEHNWI /MK) dNY Md =WdNYMd
*00T1/cHNW3 =)EHNN3

(MWIYUOW dhNd J¥1ID EHN ¥3AMOd

(9% °009€E%IdH*IEHNDI ) /9% INIWIQxEHNOII=dNYMd
*00T1/€HNJI=ICHNC3

(dH)}dKNd IYIIJ €HN ¥Y3MOd

(92d EHNOY) /)92 NdhdO* *»%T1=INdKdQ
Y3IH1d0+ A313 d04340Id0+ EHNIO=NdWAOQ

{13 ¥0 2NI/487)dWNd JY¥ID €HN 4 V1130
GONOJd~dVA3d =¥3H1da
(ZN1/748T) ATIVIINVNAGOWYIHL 4 VL34

A373d0+EHNdO=Nd1dQ
{2N1/7497)INO1LVINIVI SSOT 3dId 4 V1130

LI

(S 18

[S18 18

emdend o) eund ond emd

2 o

200

VLY VLW VOO

(°%% 1239171173 -273 ) »OadEHNOY =

A31
5243051

340

273

=123

(ZNI/487)NOT1IVAIII 9NIdId 01 3NQ 4 V1130
W30S0+ dVA3SA=3 %0240
YOLVYOdVAI 3IH0D d V1130

(°99T%09%°2) /2%xx dEHNARIEHNOYURd EHNN ¥=EHNd O
.xomaw*.¢+mzzuo\mmrzah-&&mzz&muamzzzz

VLW WOV

N0 OO e\ NP IN O P DO = NN VD P OO O e NN NO PO O O st NN N O D OV C N0
QOO OCQOCOO O OQ st et omd supont amt ot med i et NN O N Y NN AN N Y YOOI OO OO NS PP P
NN (AN AN O A © EOE O O A0 N O AEEN OO0 N OO @M EO ME O OOMOOOEOEOMMATN & 0
CLLLAILIALLCILLLICLCALCALLCLCCCALCLCA L LALLM LM QAL L LC LIS LS

ol gl yun ool pdpunt ownl )y 9 e vt ek g gl St g b g ol el gl gl e

J
({2N1/497)S3SS0T NOI1D1¥d 3dId w
3NNILNOD 089
Zax{ (6 x2dEHNY/H L G+ (EHNIO%L® €) /dEHNIIODIV)/SZE " T=dEHNIS "
YY0D ¥ILIIYLS ONISN MOTI IN3TINGINL ¥OLIVI NOILIT¥I w
INNILNOD oL9

089 01 09




-

OO NMNFONOBOO=~ANMNFIN O DO aiNMIFN OO QM SN O OO miN
B P T SN DN DN NN QO 00 0B 00 00 O P i s o o P 0D CD €0 80 00 DD O O DO O
AN MMM M EOMAOEOMEMOEOMMOEAMAMEOMEO MMM OO OO OO MO OO EAOMOOEE ELEO O AT
el yumef o guun s ol ounl) e ol gund gk Gl e gred el g 9l gl g et g vt sl o el S g P g g smind omnd gl St g et et g ) ) g gl g gunet el g o ol
LI LILILLL A LA LALLC L LA (L LC (AL QAL A LI L L LLLC L

(4% 1%39) /4123 ~¥73 ) x9»4EHNOY =¥ 31340
01+30S1=¥23

(8

(ZNI1/748TINOTLVAIII ONIdId 0L 3NG 4 V130

(°55T12J9%°2) /Z*xdYEHNA2 HEHNO U2 dYHN Y =d YHNJ U
(MO8T3 * Y+ YEHNIOQ/ dUHN 11 ) «dH EHN I =d HHNI Y

{ZN1/487)S3SS07 NOI11J1¥4 3dId

3NNIINOD
Zxxl (6°0%kdYEHNY /%L ° G+ (UEHNIO%L°€) /dEHNIIOOTIV) /G2€ *T1 =dUEHN I

Y0 MILIIYLS INISA MOT4 INITINEYNE ¥OLIVYS NOILDIYS
INNTINGD

00L 0L 09

dYEHNY / ° 99 =dUCHNI

069 D1 D09 (°00€2°19°dYEHNY) 41

MO YVNIWVT ¥01dVd4 NOT1D1¥d
dUHNSA/YEHNIOxdYEHNAXVEHNOY%* 00 9E =dYEHNY

MOT4 3d1d XNT13-3¥ €EHN Y04 ON SOTONAIY

awiixm:zuc%w~&*¢mxzcz*.coom-\¢IZOJ&*.¢ dYEHNA
EHNG %€ 0 =HHNOS

(23S/14)AL1I2073A MOT4 €HN

(FOAVI)EHNSA=dYHNSA
{39AVLI)EHNIY =HEHNOY
.wu><auh<wwuwo><h
*2/1td+dVYA3d)=30AVd
(ZN1/48TINO1L1YTIYY0D HOVESI3IM-A3DYVA 9
(ZA=TA IWNASSYIONIdId XN1I-3Y €HN 4 V
EHNDOId X €°0=3L1vy MOT4 SSVYW XN13-3Y 3IW
diWNd XNT4-3¥ ¥OIVYO0
G043T2° 149022 {00108/ 1 JALEHUND VI ) =dEUND
(T1)EHNIY/° T=TdA

($)dWNd JY¥ID €EHN I
IVI% °09%xdWIND =IdWIND
Y /dEHNARZ x 2 EHNT 0% 3] d=dNJIND

(S 18

Q
Q

VOOV MFOLW

Q
o

201

VLWL VLY

LW

WUVIIO
PO N, . P

0 1SO)J

QLW




N L Ly e L L D Bl halal B i

[T T T T T T OGO ERN S S Rt N S Ul i i i g g 8 S I8 0 I 25 U 20 X 2K QX O T O
vt omd gt gmnd vl et 0t gm0t g gned et el gl gl gl el g 1t e 54 cnad el st gt et e et el s e e e e g st o e et st gt e

AN OPOP OmiNN PN O DOt NMNMFIN OO PO N PO OO et NN PN OB O

[e e Jo X0 Jo Jo 1o Jolulolalelelele el el Bl b L Ll st LAY [N TN,V
L€ & ¢-¢¢-2-¢-¢. ¢ L &-{- ¢ 8- £.0-&-2-0-C0.8-£.¢ £ -2 LT L2 L4

Aok o e o e ool oo ofe o ok ke sl o s skl s ol kol ke etk ok g kR ko ko ok ok Rk kg

* *
* *
“ NOI123S ¥3IM0Od TvIIdad373 OGNV aNISUNL *

x
* *
* *

dokkkk kg kg kk ko kR kxR R kR kR f R Kk

WYYMd +WINIMd +Wd JUMd+WdIUMd =TVHV d
{MW)S3SSOT dWNd JILISVYVd

GO+3TC°Tx%9°0%%( *00108/UIAxYHNOTS) =dYEHND
{39AVIIEHNIY /° T=UdA

($)dHWNd XNT13-3¥ €HN 40 1S0D

W% 09%dWdYD=IdNJYD
*% /dYEHNAxZx Y EHNI O% 31 d=dWdHD

(NIN/IV9 ¥O 33S/€1d)dWNd XNT134-3Y¥ EHN 31VY IOIVHISIO

DUHNWI / MW D% dUYM d=WYYUMd
*001/4HNHI =IYHNNWI

{MR)YOLONW dWNd XNT4-3¥ €EHN ¥3IMOd

{29%°009€xIdH%IYHNGI )/ 9%IUNJ dO*UHNC Td=d ¥HMd
*001/YHNdI=IUHNI I

(dH)dWNd XNT14-3Y¥ €EHN Y3IMOJ

(9*YEHNOY) /IO UNdNdOx “H 4T =IYNdId QO
3YH1d0+ Y313 4G+ dYHNDQ =dNdNda

(13 ¥0 N1/497)dWNd XNT13-3¥ €HN 4 viT3a

€29« A3IHNCY** %% 1) /G *0O2x1INLI2 2% 3 I3 Ix *2=4¥H1dQ
{dVA3Id)IEHNDY =AIHNOY

1300W 3¥ :m 3dd 3ISVHd 2T19NIS V Q7~
.Nz_\wm4~>44<uzzothanmlummIzha

¥373d04dUHNAO =3Nd 140
({2ZN1/4871)S3SS07 3dId 4 V1130

sn
30

LU LLLLVLLLVLL

LUV

LV

202

LV QO

(518 18

[P, R TR

el

200,

VOV LVLOLQ

e DO, &




8841V 7
18H1V *00T#SSX=dSS X
98H1V (465-965)/(465-4S ) =5G6X
SBH 1V (51)95=96S
»8%1V (61)35=36$
€8 1V (395-94S ) abX +35S=45
28y 1V {41)135=945
1841V $1)35=3%§
0841V ;)
671y (19d)SG Ad 3ILVIS 1V 1SAVHX3 €HN 40 ALITVND 3
LIV *00T #GX=dSX
LYV (3SH~9GH)/ (3SH-GH) =G X “
SLH1V {ONGId ) SH=4GH
241V 7 :
_ €Ly1V (13d)61d 3L1VIS IV €HN 40 ALITVND 3
eLy1v ) -
1291V SH-9GH=GHQ
0Ly 1v (GNOJd 19H=9GH
6941V 5
8941V S 1d 31V1S LVS ¥O4 INIVHISNOD 3 )
L9491V 5 - _
9941V (EHNO 147993 TIML€0432° ZTHE )-4H=GH p
S9H TV 7 & -
544N (W81/N18)S 1d 3IVIS IV AdIVHINI 3
¢3o1v (19d11NINIHINDIY AINIIITL 43 INTEUNL )
0941V 933713M2 *THE T=Y1YMd
6SH1V 9 _
ggy1v (dH)3N1EYML-YOLVYINID YIMOd )
9541y IWVAVd+19313IM=93313M X
bay1v (MW)S3SSOT J2111SVYVd TINT ONIGVO1 13373 SSO¥9 3
1
2691V 12313-19313M=SS013M ]
1691V 1244¥13%3433)/12373=1)313M ;
0SH 1V *0017d413=Jd4413 “
er 1V *001/433=3d33 5 ;
Lro1y (MW)AONIIII443 A€ (3133443 SV INIGVOY VI 1¥173713 3
SHH1V (MW) (SYILIWYHVd WILINI NI Q3QIAOYd o)
2441 -17373)03¥1S30 Indin0 TvI1¥12313 13N 3
2oy 1V (MW)GYOT TVII¥1I373 SSOY9 )
1Yy 1V 3




9eslv )
GES1V (OMSAXZ2%D2T101%31d%x IMSOHE%*009€ )/dI0T4x*H=LINL
mmm“« (INT19 21 IMSOHY =IMSOHY 5
mmm“« S38N1 Y3ISN3IANOD 30 ¥3IAWNN V101 w
0oesly INIWD/J0+21921=20D1
6281V 2 j
8261V (3 ¥0 4)dk31 1371N0 MS ONCI I
121V 2
9¢s1v INMSAI*dI0TI=ININ)
mwm“« (091 YMSdDI=IMSd)D 5
mwm“« (I°UH/N1Q)VISNIANCD ¥O4 NIWD w
wmm“« ( TH-SH )% €HNOTI4=2D 5
mwm“« (MW Y0 YH/N18)INOILIICIY LV3IH 40 LINNOWV w
L1G1V ********4**********4;»»*& J
9161V * J
SIS1V * * J
4161V * NOI1J23S ¥3ISN3ANOD * ) N
elislv * * J < -
2is1v * % J =
1161V ook ool e e o ook ool ook ool ol X o ol Rk o) ~
o151V J ,
60s1v p)
8061V 93N1I+4N39I=13313)
L1061V 9043T2° T (E*+E20°%9D3T13M)=NI9)
9061V 904329 °24%34d3% ((J0%0009€T)/ (*0001%9IIV1IM)I+G L0 )=8UNL )
s0S 1V 0°2=40 .
%06 1V LYH°1=4d3
£0s1v J
mmm“« ($)401VYINI9 -3INIBYNL €tHN 30 150D w
0061V *00Tx8¥N13=d8¥N1L3
mmww« {SGH-%YH) /{GH~-%H )=93N13 4
%MN#« (124 INOTLIVINDTIVD AIN3IDI 343 3NIGUNL w
S6%1Vv (dSH-9GH %SG X+ 4G H=SGH
Y691V 2
o1V SG 1d 31VIS 1V AJTVHINI 2
26%1V o)
1651V SeX~-6X=6X0a
o6%1Y o)
: 68451V SS 1d 31V1S 1V ALITVND iVS V ¥04 INIVYISNOD )
{




e ritiens ax s st S N

PR Ot NN TNO D P Qe NP IN OO OO =N N PN O D PO e N TN OO PO it O P
AN MNP S P P PP SN NN O 020 \0 010 0 0 0 \OM= = o P P e P o e 0O QDD O O
nnnn LD O OO DLOATLIAKKLAKLIOLA DAL I IR I A RDLUID AT
e ound g gl sl gl grnd gl punf b sl gmef @l el gond pnd g gmnl S gund sl el g Pl el It g S nd P gt 0l G gl g sl g S anf gunl vl ol ) gt oot 9ok g
ALLLLLLLLA LI CLCLCLLALCCLL LML L C(LLC AL LCC LI (AL LGS

-
-~
(&)
L]
(&)
(™
[
—y
[=
-
~
- -—
(S S )
o
x O
S v
[TH——
-~ =
o - -
W e 2
vy O -
Z 0 2
o W J -
aNQ < - O Q
- & N » ™ b4
- o - Q M~ - (o]
- D -~ " (1% |84
o 'y} (%] Q O .
g = s &3 S3: £ g
w M~ [ (>
o« 17} * b= ¥ # o ~ (T8
w O -4 * ! . - YO >
W = O -t - U e =~ N @ v | [
- O O e - = W O = W N ol O~ o @ [
- a O ooN ] L4 o Z e w o~ € Qe 0 - -
b = O % < - W W | et JO o W Z
- nNow — A O o o= T w (SIS L -] [« NS} 2
o - otp U O O Z2d W W W W XYOU o n 2
w ! L{=182"4 I QU =W W O = = O «ud 0 & <« [- 4
[ N# Qo QO #*& W W » X oy, o - w
w (8118} W =OZ g w = X O d OO WO W QO W
T 4J O0Orw - =G LW QO | d O D e P44 8 -
< w WON I - WD XN - D W e AN vl ol oud X Z
[ X LTTO bW Oa <+ O = O = QARSI DO OO & o4 «
Q O WiFaVLNW O VAVWEY I w - e dLJOV=CNWR=- Q O o
X OXON#MD & HONDWw W ~ O & < HHLIOQJEQYDEN O N =
= O XONLes T QA DHCZHw = § > VI QQWnwe 2N (%]
W O QWO e =W | QO <« ¥ OQNLALODWUIL & O W
W W wing i W Odrwy 2 = o & X iwDes=Y W 1 O
I ® | e L] D LAddZXO €< L B A QO b W Y Dded N Q
VI D WLINNZO0 D aA0OdyY W J 9 = W QULWLSOONN Z € o
= =QUUVIOY = UJLULLL T W [- 4 QUEQEOURMe W D W
w [=] b= [ [+2]
=< (L) -4 o < X
2 Q Q u Q 2
o 3 Q -l (%) L] g (] =
(S8 8 18] rLOW [ o QU VLY WO - LVLL VLV

205




IJ10L/€EEE°+2(DVL/DIIOL IR {EECE %% (IMSNI#IMSNY) ) IMS L 29

NOM=DCO~=ANMNMIFNOFONC~NMITOODRO=NNTNODP QN SNONDOO~ N

PO PR NOCOQOQOOO OO O rmi ol st smivt o et oo sl ot 0§ NN NI NN N NN M O
BN NN I TN N DININ O 00 0 O G0 O 0 00 00 0V OV VYV VOOV OOVVO VOOV
vl g gl st 9l g gt o el o 9ol o ol gt Sl ool ent el e vl gt e et g ot e gl et g ool g gt G e gl St el vl el gl Gt sl el el g vt
I LI LA L L LA LCALLCLACL AL ACLCA L L AL L LI (L IACLC LI LC(CCL LI

V00 D@

{4°¥H/N19)301SLN0 - VN

JINVLINANGD 38NL ITONIS YOS SIINVISISIY TVWYIHIL
NCILVNIVAI AlLY¥3d0dd ¥Od4 dW3L WII3I
INNIINCD 0

IIIAL/7€E° e xIMSND*B % IMSNYxIMSHL %€ 20 °=IMS1H
NOILVIIYYOD ¥3I11309~SNLLIA INISN MOT4 IN3ITNGYNL
wazuhzou
9L 01
* 1= u:whr

(ITYMLIALISOISIA=(NTINBL)ALISOISIA
IWNSSVY INOTLVIIYYOD I LVI-Y3IAI3S INISN MOTS HVYNIWYV

052 01 09 (°00€2°19°IMSNY) dJ1

{ZW/M_3J0 dJ°21d°d¥H/N18)
301S39N1 MS ONOD ¥03 J30) ¥3ISNVIL 1V

IMSHL/INSSIARINS dI=IMS
(X781 JMSH1=IMS
(NTF8L IMSdI=IMS

301S398N1 ONOD ¥O3 ¥3QWNN TLONV
IMSSIA/ID1012IMSA+YMSCHYRX 009 ¢

uxa
39
1

OO

IZz a: axET W

—~ra
zx
n
o
QU
- T Xw Do a Wea T

Onel Ly
301S39N1 ONOD ¥OdJ

axda aoac
WS el
[- <11

EHNIH 3IKASSY A7)
(ZN/M ¥0 4°214°YH/NAB)INITITS4300 ¥IJSNVYL 1V

-l 22Z P N
«uZ =Q wa e

0

Q

wn
VWY FOVLLL

VOLL VULV
206

VOO

271 V INNSSY ATWILINY

(NLNI-)dXI-*T1=ISd3

{NO1Sd3)SS3INIATLIIIIZ ONOD

INIWI/IVN=NIND

VOV VLLLVLLY FLLLLY




ot 94 g gl o

O F 3PP T INDNINADIMA AN O 00 0 O 00 0 0O o P P o o oo o e oo 0O

VYV VVV VYV OVVVVOLYVOVOVVIOVVOVVVOVOVOVOVOVOVOVEC VOV COVOVOVOVOVYVOVOVY

bt gl grud gl 9l g ol sl gt gand) gl g tened sl grnel =l e el 95 gl el I gy vl g et gl g g Pt ) 9 g g gl ol g ool cnd gl

MO PDRO~AMTNOFDNOANATIN DR Qe ANMPNODRO=NAFN OO0
I ILELACICLL I AL LLLCCCALCIACAC (A LALCI L L LI T L LI g ICCaGL

Lalulalululal

— e ey
Lod ol
Ll

(ZW/M ¥O 2°214°YH/NL18)I30D MIISNVY
ZMLI-11=2v1130

3H 30ISTI3HS ONODD

(d)dW31 1 V1730 ¥3ISN3IONOD

*2/(1442M1D)=2 4D

(4 INOILAVINITIVI dW31 WII4 ONDD

(J€Y134 3241343 T4LD )= 1D+ MTIBL=2ML D

{3d)dW3aL TIVA JAISTIIHS

(22¥134I2TULD )+2ID0+INT81L=TM1D

{3d)dW3l ITYM 301S 39Nn1
(JGY¥1JI4I3€Y1I+4I281I0+4 D191 )/7{DT91-11)=1DD
(YH/NL8)39NL ¥3d QIYIISNVYL LV3H
(374%22001 %3 1d%DEHNAH#*I0443)/°1=36¥1D
{N19/73°dH) €EHN Y04 IINVISISIY TVWIIHL
(n18/3uH1oNTIn0d £rn' 303 35RV1S1 $337 WRNIAL
(21*MNL%314%°2)/(3D10G1/2I001)90TV=I€¥L)D
(N1B/4°YH)ISSINNITIHL 1TVM Y04 IINVISISIY TWWY3IHL

(271%33104%31d%IMSILH#I]1443)/°1=)241)
J4MS/°T=IMSJIH

(N18/3°YH)IONT NO4 MS Y04 3IINVISISIY TVWY3HL
{271%33101%31d%IMS1H#I1443)/1=IT¥1)
(NL18/74°¥H)MS IINVLSISIY TVWYIHL

VOV QULVLLVL VLU VWU VLULW QUQ VLYV VLUV

LLLVY WLV




o omd eum o ol gl el el o et g oo gt gt ool ot gl ol gl g o g ol ol gud

Y

DO mNAL N O DR Ot F N O P O O =\ D N O P~ DO

P PROOOOC OO0 OO cmiont sub ot pmt suvt ot sudomt o=t (\] NN N N I N O
OO P o P o o o P P P o o o e P P o P P e e e e P o e P

<
o
0

=N P NO QOO N

CDVODVCDVOVOTNIN

V90 OYVOVOOVOVVVO

ot o ot g s ot st s et ol et e gt et

dI4ACICLC AL CLILCLCLCACCCALCCA LA LCLCCQCCEC AL CECCQCCLCCCCCCS

EECEE = Do ( (D022 IEHNOYLE+ 2 IEHNINL#Z82°009€ ) /2o 2 IEHNSA)#L LOO® =Y IEHNH 5
NOILVIIYNOD IOTHENUIMN ONISN MOT4 AININEGUNL w
ANNILIND)D 06l

(EEEE° =) osAIEHNY S (EEEE " T ;
~)esl {92262 JEHNOUSE22 JEHNN L #Z22%°009€) /22 IEHNSA ) L4 T WYOI=YIEHNH
82° 1=4%¥0) 5
SHWYAVIN A8 QOW ¥Y0D 173SSNN ONISN MOV4 YVYNINWVY w #
06L 01 09 (°0081°19°AJEHNY) J1 5
YISNIANCI AL TYIILN3IA w “
INNIAINOD 0812 i
00¢ 0102,
a2 ((IMEIEHNSA)/Z(D1L#9¢ 252 IEHNDYSEx 2 IEHNN L #2%+°009€ ) 12650 * T =Y IEHNH .
SWYAVIW AS GOK ¥¥0D 113SSNAN ONISN MOT4 INIWNGUNL w - A
INNIINDD 022 ®© -
008 O1 mm~ 2 .

CE w2 ((DMEIEHNSA) 7(D V1% 0422+ IEHNOYS E 2 JEHNNL2Z 22" 009E )} 256 ° =¥ ITHNH
NOTLIVTIIYYOD 173SSNAN ONISN MO YYNIWV
OLL 0) 09 (°0012°19°HIEHNY) d1
WISNIONDOD 3dA1 IVINOZ IWOH
08L 01 09 (°1°19°23dAl) 41
¥W3ISNIANC) TVII1¥3A 2=J3dAL
dASNIANOD TVINCZIYOH 1=J3dAl
NDOI1VII1N3Gl 3dAl ¥ISNIONDD
(JEHNSAXII00L»31d)/OMe % =AJCHNY
SNYAVIW: 438 (GNOD 143A-00N3Sd)YIBNMN SAIONAIY

{IEHNSA®I 11 )/IMe > 2=HIEHNY
1N1/€EHNOTS=IM v

PPy v YN

e W

QUL WWUWVWY VWO VL

(S

(ONOD Z1¥OH-0GN3ISdIYIBWNN SOTONAIY




C QNN FUN O D O mt UM F 1N O O PO o O\ TN O =T P Q et LU O P 0O O O et P UV O
NN ANMA A MO A F T $ P £ P F PN AN U BAOIN O O 010 010 00 O M he e e pn o
1o e 1o P P o e o o P P P e P P o 5 P o e P e P o P P P e oo o o P P P P e e e o e e e P e
ol s gl 9ved o oo vl g smsbesnd gund et st g mned ot smd 5 ol sl 99l ) ol el g 994 el gued) G eRES amd Sl el ond ol guef ] ] ) o pad ol
B e L e L L L L U L L L L L O L T L LY

-
[
Z
w2
~
[=]
[
2
- -
0 ot
-t L]
» ol
) *
(L] ~ (3]
4 * 4 -
-t - [+ o] » ) S
(7 w Q < [=] W
> ol 14 x - w
- -t < < . \
~N [V - X L g ~N
Z o - w - -
[ad x - W > & [ [/
-~ a &N q o » (=] -
'S » X ® Q x
0 w » z Z o [ -]
-d o O 2 N O . -~ -
- e I = | Q > -t -~ -
w - - » &) «
Q - - W s « * QD w
— w N J - Q [- 4
7.) W W o=~ W ) - <
-l g - S = & Q ]
-d w a - N X o (&) =
w o # w v 0 = -4 (=)
p <€ P - S 9 S v |
o ) A ) - ~ [T
- X2 Tm W = A Q - ]
* @ - 4 0 2w T » 2= o -~ w o
- QO w - 08 Vi U == OO0 - u ¢
542 ge e 333 g £°
T J WD ! ¢y O X (o 8 (=)
Z « Q 060 £ OV ¥ > o 02 g E
-0 O W D O = # O =n ~ e }
T v O X~V X WU W - g £ O
[ - DU Qe G M O Q- - O
OF amamn 3 ot O ZZw X T & O ] 2 aQ
(. 2 W) N0 =ONQ Z & - » -t - z
w N O NE TVOMZ oo O - [ x * L ¢
M LMoy ¢ Og alwv 0o &£ 5 () own -t @
§ i; Qv.1-1.4 £ -~ - # N [ S . »
- - 00 QO U= MO8 [ O 0 (8]
. ~ T O™ 9 €d T & O = OO -} “ OJ [~}
» T Ve oMl W eZum W O W We & - o (72}
» gwi o§° § as OELT @ 9 = anO » > O O -
>W - - B {8 JUTT] QO X ¢ T M @ LNOWEHW = WY VWS W
WD € N AN gt > D b O @D O m ADLDODIN D
MZ N DNIJIOWD 2D Liad LY ST X0 LZOXZE 8 PNQ B2
X o MO N QMQOrem V7] gm » # O = O mue ¢ ra b O W Q,
2 & 3SR 49 SEDS 8 % S TUTERLEE o TAVTESLNE
*#Q W :umwuhcsh g: WOSXE o W = LLOOWxX > uﬁaoocﬁao
- QNEmQ=T OO A >X>> 3 & & =mMOOVWVIL e IWOVARLIGD
-4 | o (%, ] -y -t (7,
vy 7Y b3 = [- )
W X <« o t o <
- o Am X < w o [~ ¢ o Q
[=] -t N ) < o
VIV N DI WDLVW WVIW -] VYW -] - -]

209




FOOOﬂNm¢moNQOOﬁNm¢mONQGQdNﬂ#MONO@OﬂNmQMOF@OOdNMQ
PP D OO B DVODDVDOVRPPCCCCTTRFCROOOO00OO000O bt omd =t NN N O
FFNNFFFFFFN#PNFNNFNNNNPQQQQQQOQQQQQQQQOQQQQQQQQQ
ot gt =l e e sl g el b g el aned ol ol g gt vl g 9l el g g sl el g o e g 9ot Gel el el g ot

<<<<<¢<<<<<<<<<<<(<<<<<4(<<<<<<<¢<<€<<<<<¢<<<<<<

-
N
<
- 2
~
w ]
[«o]} -
-l TS 2
Ld - W | ot
(-8 (&) =] @
Q (4] (8] ~
-3 * U
Q . [- 4 .
~N W o~
w * [T -~ [ oad
[- 4 - (4 p ) 1S
o J [8 =] b4 - .
7] onu < [ <] [- 4
(7] - -4 ~ b
w -l ® | (T -
L -d >3 . L]
' oW -3 -~ N Z
Q - < [ -
wo (S L d 3 Y] - [’ -
ox [« L - O b o ~N . 8
ey [ VB Y s O [ o ("4
[V, [TV} -l dtD o @ - 'S r [
- >0O% ] - - -~
- -t 13 o - O < L4 = =
J [T o LOF=> [ (- 4 'Y (% ] N
L~ O o ~ - W 5
N 1 N (L] g Q > [« 4 [-4
~i Q m™ DLW [S L) o (o] o
me E N mamiN W e (V2] W U [T
D Wk = Q¥ P~Ped —t— [~ 4 QD
Qo O W=ZNNOECE = - an ompeed Q < w w
Q¢ 2V CNOXPV=O & U w O s W O O (S )
O WD QRO+ > Ll {~] D £ 4 Z Z
10 00 e sll.dwU W O O 100 VN T = « L4
WO ZUW ) MwemtODod » > W o o Wo I # = O = O
m OZ ui (8] < O O sdoipm, ® O O W o~ N
w QW QTR ANOUV o U = o e P 22U W QO = X w
-, O QULIUUL$ #me V) VI = o ww QA €e M O VI N =
-y L0 O # .o Q A = NIZE ¢ =N D O WY WO
#L O #NA=OLOU = -~ oar-we O V= = = & 5 < »
Vo Q & N OWVL « ipe e Y= OW —_ily * (]
<O ZT Amt D HUIOwN Zad « HWU<CQI ND Ne W W oJ <€ I <
Ud O Gt w i V? Ow? VI QWX 2 W O m» « O € O
HU ml wONQ 32 W Dk~ AN POmOed LT = A £ ¥ I N
Wi = HOUO=IWO =~ A t.h-h-o-i-i-i- - ) W X O
Uy «h= (e > - gt O W o 5 wd = O W e W N
g0 I wdCIU XY O eqgeied L l-U\LLIJIL-oO - <0 D € I & T <
OV DU WIDSDD0LVLVO W A+ QUVIEQmie OV et Q O = o =
QZ a, L - 44}
-t =] el Wk
< & w 2
92D Q L g =0
[ 8115 ] (S 818 WOV M WVOWULLLY QDUV YOI

e b e B




cL8ly
1181V
0181V
6981V
8981V
L981Y
9981V
S981V
y981V
€981V
€981V
1981V
0981V
6581V
8981V
LSBTV
9681V
5581V
%68 1Y
€581V
¢s8ly
1581V
0681V
6481V
8481V
Ly81V
9481V
12415
2981V
£EY81V
cy81v
1981V
0%81V
6t81V
8eg 1V
LEBTV
9e81YV
133:344
YeglY
ceglyv
ceslv
1€81Vv
0E81Yy
6281V
8c81v
L2811V
9281V
5281V

016 01 09 (°5€°19°00S1}) Il
($)LINN ¥ISNIANOD J0 1SOD
¥211-JU=2Na
HION3T 390l LVS V ¥0d4 LINIVYLISNOD
(1IN1232001%31d) 7OVLIH1=¥I1L
(14)HI9NIT 39N1 YISNIAGNOD G3SIAIY
IN/INIWIANINI=IVIHL
(ZW YO 213)VIYV ¥I4SNVYL L1V3H ¥ISNIANOD V101
JSY¥L/° T=IEHNH
(J°2W/M YO0 3°214°YH/NLIBIEHN Y04 3303 1H 00N3Sd
JEYL/ *1=IMH
(2°2W/M 40 J°214°YH/NLEINITHL TTIVM ¥04 430D LH 0GN3Sd
J2¥1/° 1=IMSIH
(D°2ZW/M M0 4°213°YH/N18)ONIINOS MS ¥O4 4303 LH 00N3Sd
J1Y1/°T=IMSH
(J°2W/M ¥O 4°114°Y¥H/NL1B)INMS ¥O4 3303 1H 0AN3Sd
106U+ 0€U1+32¥14D1UL)/°T=IN

(ZW/n ¥0
4°214°¥H/N18)301SIN0 - N 3300 YIISNVIL LVIH FIVY3IA0

SS¥1J720VI=3J6Y1
(N18/4°224°YH)IEHN ¥OL IINVISISIY TVWYIHL

(3719191 193N Q3 Y3IAISNGD)
(NL8/3°214°YH)ONITINOS €HN YO4 IINVISISIY TWHY3HIL

JEY1D20VI=2EY L
(NLB/4°214°YH)ISSINNITHL TTVM YO IINVISISIY TIVWIIHL

211

PO 7

WU WLWLULW LVUVLY VUV VUL DWU WOLW QUL LVO LYW VUL W




1 MWM“« ($)1S02 S31Vvid MDI3 ONV STINNVHI*SIONVISI ¢I3TV1SNE w
M#M“« Z2#%J0S1%1INL%D10+20-36€5° 1=39840) 9
M Wﬁ« ($)1S0D S3744V8 GONV 31VId 1S1Q €HN w
M.Nw« 2xx(°81/7200S2)%°1€/1°94D11)2° 6921 21=3SH) 5
2161V ($)1S03 T1I3HS HIX3 1V3IH o)
1161y 2
ot61v INNTINC oeg
mwwn« (022 (00T /INIV4°T)40T«x{“00T1/ANIV+°T1)+°T1)2L°0%x)0011INLs"%E=D]] N
061V ($21S02 NOLILVITIVISNI 30Nn1 2
9061V )
sQ6 1V {0Z+%{°001 :
NWM“« T/ZINIV+ 1) +0Tax{00T1/INIV+°1)+°T1)2(G°1/3001)%1IONLx (204211 21D)=0N1D ) :
T mOqu ($)1S07 WIiY3ivk 38N} w -
061V
0061V JNN] INO)D 0l8
6681V 088 0L 09
8681V L°0x2)001%1INL%x°%€=211) .
1681V P p —
MMW“« ($)1S0J0 NOTLVTIIVILISNI 3anit w 3 .
NMM«« (S°T1/72001)1%x1INL= (224D W21} =INL)D 5 .
c681V ($)LS03 Wi¥3lvW 38Nn1 J
1681V o)
oocﬁ< 0L8 0L 09 (°1°03°11LVWN1) d]
wmmu« €°Z2x%]00S51298%°68 1=IJNKS1) 5 -
WMW“« ($)1S0D TWIYIIVW 13IIHS 39N12 w
m Www“« (0°%/3S11)1%(99°0/21C0)%(°0€96/1INL)»*5699S 1=I7S1)D 3
MWM“« ($)S1S02 ¥0O8VYY 133HS 39Nl w
1881V 89°04220S1%9¢ °0=)2S11
0881y 2
MMM“« (NI)133HS 38N1 40 SSINNIIHL W
%»M“« . {S°=-7001)999°0=210 )
M»m“« (NI/NIWMNOTHL TI13HS 38N1/3KWIL ONITINNG w
el8ly 14(SE-0T1)YILIWVIC L13IHS 3ONL WISNIONOD 2




L L 2.8 L & 8

ol dd—‘lﬂddﬂ-‘—i—.—.—l—.—.—‘—l—i“ﬂd

et ot gt ) g

4 ol omd

00000000000000000000@0000000000

mmmmmmmmmm¢¢¢¢¢¢¢¢¢¢mmmmmmmmmmooooocooo

de¢monOO~NM¢MON000~NM¢MONQOO#NM¢mONQOO~Nm¢MOPO
Lo e X 20e 02X ol JUoato T ead e ]

<<<<4<<<<<<<<d<<<<<<<<<<<<<<(<<<<<<<<<<<(

ANNNNNNINN N
o
e L L i

213

{$)1S03 W JIY3LVW 36NL w
0% 01 09 (°T1°03°71VH1) mw
INN1IND 0t6
9S11%T19° 1% %JASLxE°HGE=INSLD
710489 °0%%20512161 *0#*1INI»18°EL2=I71S1)
JNNIINOD 0¢6
0oe6 01 09
IS112%10°2%%Q0SL#99G6°6 C=IWS 1D
710%89°0*#30S 2164 °0#x1IN12681°95=J151)
. 026 61 09 (°T1°03°TLVKL) 21 9
{$11S0D YOOV ONV TWI¥3ILvW 133HS 36Nt w
89°0*+30S 1296 *0=IS511 3
(NIJ133HS 368Nl 30 SSINNIIHL w
(6°0-3001)%99°0=J10 N
(NI/NIW)SSINMOIHL T713HS 3E8NL1/3RIL ONINTING w
13(06-6€I¥ILINWVIA 133HS 39NL YISNIONOID w
JNNILINOD 016
086 01 09
.uxhu¢umz~3u+uru+uuuumu+ummau+uwIu+u_hu+u2hu+quhu+uambwmuo20uw
N11NO 006
L°0#%(G°T/700L ) %€ 1221 IN12L618°0=IM1)
3NN INOD 068
006 01 09
L°0%x(G°T/J001 )»£0° Tax1INL#€EL" $T=IM1)
068 01 09 ..oooom.bw.hQZh* 41
006 01 09 (°1°D3°L1VW1) Jl
0°0=0M1) 9
($)1S02 9NIQT3IM 39NL W
7051 %5L%°9010T=ISNIMD 4
($71S09 S1Y0ddNS ONV S3TZZON*S13INI YILVM w
Cxx(°81/30S1)%°0%2€G=IHD 3
($)1S0) Gv3IH HIX3 1V3IH w
2%*230S1%982° 68112242382 9

et e A em mem e . ———— e - . e S o s




($)1S0J2 9NIGI3IM 38N

960 1#2J0S1#29° €642 =ISNIMD

($)1S0D S¥ILYOAINS ONV SITVTZZON‘LI3INT ¥ILVM
€ 1%+30S1%29°8€6=IH)

($)1S02 GV3H HIX3 LV3IH

$81°Z»220S12%28 °€8€=039038)

($)1S0D S3LVId MOT3 ONV STINNVHI*S3ONVIS¢3T1SNG

COPPrOOO0O000OCO00QO000000
ot ot omd emed O] NN NS NN NN I NN N NN N N

RPN FRPRCOOOOOOOQ O O rmtrmtnd rubomt i p=d
L gL LLLLILLLLLLLLL LI L LCLCLILLILA

OO DT QNN TN OO mNN TN OM= 0O OmitN MNP N O

ODD D

210%8L6°0xx1IN1%2528°6=284d0)
{$)1S02 S3734v8 ONV 31vid 1S10 €HN
90°2%2J0SL% (°94D 1L )24HG°2T1=ISHD
($)11S02 TIIHS HIXI 1V3IH

INNIING)D
(021

22 (°00T/ZINIVS 1) 40T {001/ INIV+ 1) +° 1) 2L "0#2I00L 21 INL#2HG°9E=I11)

(¥ e e e - 0o e o0 Yo oo e 0o

($)15S02 NOILVIIVISNI 38Nn1
(02x%x(°001

T/ANIV4°T1) 40T+ 1"001/7INIV4° 1)+ 1) %G T1/I001 )% LINL# 1224272421 3) =0W1D

P P e o P P e P P e ) GO0 QO OO
it med e o gt gl sl gun el ot g s oo ot gond et b sl g st 9t gl e goud gl vt gt

PO NP O D PO NN P
A I I CLA L CLCLLLIILL

0
[o20e ¥e Lo X« X0 Te X e e ey X0 T

($)1S00 WIYILVW 3EN1L

JNN1 INOD

056 01 09
L°0%*23001 % 1INLx2%G°9€=D11)D
($)1S00 NOILVIIVASNI 3914

(S°1/72001)2LINL* (24D 1121 D)=IWL)

[RRFEE TP

R,

ok e e+ bl om S

214

QLW VLV LUV VYL VLY VLV

=]
n
WOV

Q
<
[ 618 5

W PO




RO O~ANTNOOPQeNATNOFDR OO F NI OO NNFINOOP O =NM
ot omd NN N NN NN NN A OO OO O MO 3 NN NN INNO OO O O
[elelelelelellololololalolalolololelolalololrlolelololofololelelololololole Jolelalalolel oleTaY <)
NN AN AN NN NN NN AN N NN NN NN N NN N N NN A NN NN N A N N
L€ ¢ ¢ 3.8 000 & & & - & L ¢4 &8¢ &8 &3¢0 $-C-¢-¢.&.8 ¢ &8 8-2-2-8 4

TSLC+CTSMC+CTMC+CTIC+CHSC+CDPBC+CBFCFC+CHCH+CWINSC+CTHC)

(2 X 22 XX % % % % % % * a
* * * 3* )
* * * * b o .
[ » »* * * z
. * -4 * * Z *» (&)
o » Q * * o * +
» » — * * — » a.
* * | d *» +* [ g * =
- * (8} * # () * [7,] 4
i 2] »* 1Y) * - % w * (S Q
. » (7, ] * o * [72] * Q —
-t » » (8} * » +* v
~ » - * -8 »* Z » Q - 4
(8 » o # - *» o * b w
o * — » S » — » v >
(o] % [ » Q *» [ 4 * w S
™= * .4 *» Z » Q * (8
- » s | * ¢ W » < #* + Z ()
* * - *» XO = * 2 * O .
M * <« * wo v * w * O D b o
L] * > * et vm * * WO - NOO
—t * w * O u -0 »* w * - 20 =ZgL o0
% * » - T a1~ * > * woo DN 0 OOSO00
* » b * O W JOO * — * Ot - OOWINSN
- » w » (G158 ] < bt » - » +* o - = =T Y. %
) » - 3% il W CCWI » 8 * Ot o DN | #* LT
-4 * v * bl - LN\ * w * ZOm 00 b (N 2O WO = s ot i
ot » > » - O QA «Z * - * Quw < ERMN~I 0 H
» »* 7.} »* (7.} > | N * -] » O b bt e P LI % H
- » » <N O O~g * (] * D d L UNEIET. 1. Tolw]. -] B
o * * -l [S 2 408 * * S o QU# = DD# # ¢
~ »* #* <q O WO » » asow " EEERI-) !
DWW % % 9% * % %% A w  deeld * * = S P =% 0NN ¢
2 D™ < T OWNZ * %% % NNR >0 DenrHnuttn o )
oZuZ wa < TWR WoW AN I QOO H
1) e O e O & HOw I 1) v =1 OUVOAWLL ,
Obw Z b= N > =y I} B DOUNZ Cj= =, i
Z0Z A 0 W2Ww - O=ITXO>JJIOV :
™ S ]=] Z08 QO 2w oo u Nt b= O WU
LWV wa I T Qe ,OWLOO0BO
Q - 4 p
< w a
w z Z
2 g a, (o )
O PLVLVVWYLVVOLLVVL VLW LWUWOLLLLVLOLVO LUV

215




DOV O—ANNOFNOVCO=NOITNOCORONNTNO O QN FNOD OO~
OO0 OO P P o oo o s e (DD DV VDD RORVC PPN TOOOCOOVOO OO miemiemt
[elelolelololalolalololololololololelolelolelololele lelelele le e o Lo Lo R T L e O S L
NN NN NN N NN NN AN NN AN NN N NNNNNONN A AN AN NN NN NN AT NN NN
LA LCLACLCLCILLALLLCACILCA (ML ILACLC L LML L LI <CA LI LI LA

[ ] LR J

ag o [eale))

OITZ X FTAaAZ o X o o . N

s 4-9-9-98) ZOW>Q0= T ITaaWow Z & =Q0VV o O o~
Nttt Z O WVA ZOWON ¢ o ZZ20O0TTITOM o > maacat NI IR
ITIaaaaQuueZUunnNnnNeaeNOcQOOOVNIIOW O WMOXIETY IO =N OIN
AZZ000TAAAAO0O00 *MNJdIILULZZIE A AQO+AQAAAXALIN *\N\N\MN™

Trtemip $ BOATTOAR S RN I OAOULLULUITITVNYD #WH +LWOWZEOW.dmNemamea | |
QOO OVOAA N OOVOONNR S H# B4 # TTTOOBOWNTTODLAE 0o 0 0 20O
OR Pt QQO# =Mt | REOCCPONNNNE $ TAMTNSN o b 3 % ke O | NSO
# ODLFLFOW® # PO =t JNNNNDDDONN R % L F NN R $ OO LOIMNOOU
OF SO RPRLODVDL RO UL LU MO =P QD OO N N~OORMDDOT t O | | b
FTOOVDDOE O O D DM U= % OUVNAIN O OO0 Q== O P 0O X ) st P oo P P 3 O ol e (O NP oo
QMM o 8 sMODWM ¢ ¢ s o F TP ¢ 6 0 0 0OMS s o FM 0 0 ¢ OO wrmbepmdt #
N e 0O Q MM ¢ s 0V VN ¢) 0 ¢ ¢ oNNINN ¢ s QPO O VMmN S wwww ¢ o
CH M UMW © «OW NI SUNH B W WUWHWNWHURN el oSN NHHIWU o ol o i@
NWOOVLOE N 1 QOOUOWN H OLWOOLLWLL I TN tONQLOWUIVOOIWH HO o) o o ol Il
ONXOITZOVCLUVWUIAZ | VQMAAAVWOWLL I VO § . FUOVVLLOA N I| NHVMNLVO
Q.IIQ.O.Q.ZUW§¢W>OUN¥-IIUIIIM6\UWU NZOIH NTETXT XX NON 1 HOO

ZOUWQFRTZZO0QVINIIERVLOWSQLAALALOWZOCOOY=O
= AW ACALAANNIILI Jdwd J il ZZ2VNN TN BUOQWOWZ L ol o d =t YOV T OO
OO0 QQ0O0QQUUWWLILLITIITIITITIACTA TFTTTT el b= o o o =

216

e mm e m——- ————— -




MINOOPO=ANM FU OO ROt NMNF N D=0 O =AM PN O DO et (N O F LN O~orO
b ot g gt st o 0t YNNI NN NN N NIV O A O O VO N PP P P DN DN DN O
] gl g v e g+l g gt g guan Pt el qom gl e e 9 gand [l L L L B T T P T B P P P P P SO (i pi i iy g ol el punf gl gl
NSO N OO OO O O AT OO O O O N O OOV O 0 N OO O Y A N OO A N NN A N
AL (LI LI LA LI (LI LA I L LVULLL L IL AL L LI LL L L L L LT I

oW
[N Y- ¢ -§
PO ==
NN\NIIT
T o
. o it ) aa
NNy Tow o
CWMMCOR a aZoo LWITE
oI 11 I¥Y O Tdnn 22NN
COULILIW = Q) i )= == NS>

b s QNN 38 b= b= W OWIOLLIDS S i
BT TOON =k i~8 DOVt DD # 0D
L= PO N DO O F b o 3 6 DD P
* S NN D FDOFOOOR # NNFFOO
DN% % o o FOFOMMMPETDDOOM™N

NN ¢ s PRP=ONOM ¢ 0 0 0 sPuPa@m™ o ¢
NN H N oM oM s Il OOUVMNAY o il I}
QOB NODmt ol s QU NN ¢ o)) I OO

LOLLOW N HOTVALVL N OV B.A
QUIIWCSCIOOVLLA TOWOU ! H QWUOT
DO O« TOVWIZOQUWOLUIIIE
OOL I LLY e wded d NN = = QUINMAN)
lad ad ol d o T oY T T o Y T oy o o e T ) - 35

(&)

SUMMARY OF INPUT/OUTPUT DATA

c
c

17

Q Q
(S ] ]S ] Q o]
o a o, > O ot
> TLLZ<L W Q OO
o QI J> Vi W et
-t QUL IO o Quw
o WX »a<g - QWJIO
- O e O A b
Wwa. » « LA ket < o -
o CITWLWWZD o= > W ~xQ
4] O QO>C sl OWILY
WLIT T JWnnmn Q-

- Ul Q e X O e fmpm
[} .
Ll 3 Lt - a—y i, gy - - g, Ol
Q O =B elelelslolololololelololole I ]
NOm T NOOPO=NNAOFNOOTIR
P~ P MfefapafQODNOOODIDUWD
St O el ol ot g o ot gl omnd d pnf el e oo @ oed
ol o - L N S S N N R Y

VWO OWOW000QVV 000000000
Ol e el ) v ) s e S et vt S g st e s P v €T
o= z =Z x
L e ULY OOt Lt ot L L UL L 00 U U ) LU U L WL L UL b WL
| bt aadant ud and d o o S T S S SR S A e S SN T
s T > bt bt ot
LA qAw el dal- 4: 4. 4- 4. 4- 3. 4-4:4-2-4- 4- 2. IN.4
BTOORIORTIETIRIZITIIZTERI~T

990
1000




OO DN Q= A FNVNO D P Ot N AT O D PO i N PN OO OO NN F N O
OO0 0 OO0 OO et P o e OO D ODVDDVOOC PO N OOO0QO000
o g o e g 0o ot g gl . g g s gt St g s g g el e g g g g v e el rend sl el g g el g vt ol ot (N ENIONI LN NN O\, N
IO O OO O OO O IO OO N OO AN AT AIN AN N NN AN N AT N NN OGN NN NN N O
LI LI L LALL L LI ILLCLILILLLALALLCLLA A LI (A AL L CLT <

(8

wo (SRS S} Q QO (S )

Q =] -0 W Wi a. ™~ a.
[a) 0N QO b= QT g0 <« wo S8
(] o wN WX WwWyy T=w > Qe (S]]
-t v~ EXIO0 FLLIZIITO W 2l -l Q
k= e oLl NTWIE=-N O Qo Wi
(o] [ ] Sww e O e« oope o QU o= (SRS
[ - LI V=] WelTuwWu « A M T LA » -
WO e UDDUWE oW QG WO [« [BS18]
o xQ T JE VR sZNWIF-QWS> « «0.00 L= w ]
4] Qv VLW IO ZWUNL BZTVNZW M3V (S P TW S
w SWWAWWWI LT T T X O =XOQe~ U b~

-— - L ]

- [T - e Gy - g o O o P e e )
o NO S ONO QO QOO0VOVAVQVDVOVVVOQVV O Qo o000
Q ot N O oy N O QRO NP OO RO~ TN~ D PO
o g o oo o OO OO0OQOOO O rmitvmi vt et rmd smd i LL] »md - NN
O = Wi =t O e i it NN NN NN NN NNINNNN s NO N NN
- o % ad - o eE R h AR tROnR®ae 0 L3 W

~N - * o3P =0 -
O W Wi OO WO W0 WO OWOWO 00 OO0V WO VOO DOVV YOOV OV OOW YU OOV Y
Zx Z

O e ULt bt Qe LD Pt L) 0t L U L ) bt L ot 3 L7 U LA L U U L LT L ) L L) LA U LI L AL b L O et L et LD L LS LY
T e o e st s e e e s e e e s e s e om0 e e s e o e o e e e g o o e (e s (e v e e
2T v ZraZres w D2 St Pt b -4 4 LT
[olal-{=N-delal-dul-{'N. Jalal-4n]-2-4-4-4-4-4-4-3: - 4:4- - 4- 4-: 4-1- 4- 4-: 4- L. {N - qwl=]. 4=]. 1- 1. 4- 4
VORUMZOUOURVE~IOUIOVUIIIITIIIITZTIZIIRIIZIIRIT«IOLIVIEEE

(=2 =] Q QO Q Q o ©Q
-y "n ¢ " O ~ o
[= e o O S O o O
P P a—1 - -t =

218

o



o o - = o o —— —

A

-

@k dw . RS .

PO ANNTNNODC QN SN OO RO NN F N OO QN PN OO PO =N Y
) vt vl gt el vt o st sttt O8] NN O NN NI A O AN AN AN N TP P F O N D DY
OO AN NN N O NN OO N NN NN TN O N NN NN N N NN NN NN N N N
AN N AN A NN NN O OO N A NN AN OO N OO OO NN N NN N AN N N N Ny
(LA AL LLLL L (L L L LI L LA A I LI LI L LA LC AL LI T AL LS LT

D 2 Q

g 4 o QO (SRS 1) () (&)
o Qo W o (=] Q = W OO Q a
22 @ W VO - aa] WO b= OB 9O Z QUIT
-4Q N QU X -t -t ON WX QN T OQ aa=x
(TR E] o QU -4 ~ 2XEOQ z%uzza W ITIwn
Q. s DULIO == =) NTOX= Q wud>
M OO bbb fou] () SOWW - u:.:.-b e Qb »
TONZ o o b= [ a0 OTLOV &« O o =0
ZZrr=0 O 0O uN-hhu:DQI-m<u Z aaX
00 oo ouuo Q xQ X JEVI XNV OLVO I TR
QO Qbeud (3] & VL WLAZONLEZTNVNZO = gn
[P T~ Y (5] SOUOVWOUITITITII i Ok

[ ] - -

o N e - ® -~ e Yem - - o —
QOQVOOOO0 »O S NO Q oNO [* Bl elwlelololololelololololololelololelels]
A PN OMDPO~CTTN ~ o U2 Y+ B 1 o X CO=NMIVVONOOO~ANMENGMND
NONNNNNNM MW [~ (] M O™ N AP P& IR ninnn N
NNNNNNNNN-NO ~N NNO N NWNO N ANNNANN NN NN N NN N NN NN
oo oaaenead o - [ 1Y) - h..¢ - - neeeen el etene®

ooooooooohcumowmommowouodwowoooooooooooooooooooo

et et 8 s v e v i €, e T e T (D) v o ) e ™) UL, e el ™) st T e e W e S s s ety tag? N gt g e S v
x Z Zx 2 2

<
L) W () L LU L L WL ) et L et Qe UL ) ot L et LS L L () b L ot L) UL L L LA 0 LI LA ) L L0 L L) LA L AL
hhbhhhhhb—hhhbhvbbhbbhvbhhbhhhhbhhhhhbhhhhhhhbhb
- Zrm T vt DTt o
mmm¢mmz¢xmzocxouzocxommxQoxozxzmxxzxxxxxxxaxxzzx
ZZTXEIXXIZ=TOOROMIVVIVE=ZIOVIUVUZIZIZIZTXIZITIRZTXIZTTRZTR

Q O Q O o O
> o - N a4
O - - -y -t~
o~ -t ol -y

219




OO =N FNODRO AN SN OO P QNN TN OM D PO =i NN PO P00 N O mi NN S
WA N0 000 O OO OO DR PP o P o e DD DD ROV ORVDOPRC RPN OOOOO
NN NN N NN NN AN NN NN NN NN N NN NN N NN NNNNN NN NN NN N OO
AN NN NN N AN OO AN NN N NN OO NN NN N OO N SO ON NIN NNIONNIN
CI(ACCICLCICICCICICICACALC LA I LCIALAA LA AL AL AL I LI LI LICLL

(818 (B[S 18] S O (8.8} O

[ Q O QL Lvamu axw (B8] (S ]8} QO (818 O X
a p aa. O MITZ TXTX wx ax ZEN LEL o a
T A VLULWY a IT2ZZa Z2Z2Z2 Ta ra oI 2ZaT w w
Qw = QA0 = ZdJw = Qaw aQ AZZ axZ -
- A WOV~ Q. el QWO (= 1w oo QUX QOX W 3
WT QO 43Uy 0O Aesld) ovean cenl ee) el ool x Q
—0- o Qp o ape - - - oo VLT LQLE QL e VO » Q N -

X esqd s O M I2 waw oA Za.n ot [ ] xwna.

©
[alaale -
Iw:m AALOVVA ITIZ0 I IZ2Q QX e OAX » OFT 2Z2TXT a.c -Cw
Ot Zor VOBOmZ = ZZ0we
D TOA = JNJOOA mJdO. =l awa ava o2 Ao Wk 2wxE
Ui OFDWLi-LAO CRLO AL oOoW QAOwW O0W OAJW WWwWxX aXxa

- S Gy Sy, S
OOOOOOOOOOOOOOOQOOOOOOOOOOOOOOQOOQOOOOOQQSOOOOOO
ROt NNOPFN O DORPO=iNALSN O DO~ FUNVO DO O NN LSOO RO e NN PN D
AN OO0 Q00 Q0 0O Pl o P o P P D D DD ODBDDOPRNIPPRPPOCRPROOOOOOCO
NN NN NN NN NN NN NI N NN NN NN NN N NNNN N NN NN OO A OO

[ B XD BBl X E X N NI NS R N A SN S

00 0V00V0Q VY VVVO0 V'V YV VYV VGOV VVYVOV YO VOOOVIOVYVOVVVVOOO

L L5 L0 L L L L ) U 0 L L L ) U LU L L0 U0 U L L) L L L0 L A LU L L G W L L WL L
i v eV vt Vg o e v G e i S e Vv e

«u:tzu::zn:czc:n:a:cza:czxa:a:EEazEczxczaza:a:a:c{.cm:czxzzzzzz«zxxz«zzcnxzm
TREZTETEZTTTITTXITTITXIXXTTIITTIIXITIZZTZIIZTIIZTIZIIRZIZTIIREZXZ

S e




DO OaANMNMPFN OO O et O\ PN O DN Qet N OFN O DD O et NN PN O DO ity
OO O O O ot ot omd ot ot o v et et NN N NN AN N NN N AN VAN N T P P8 P F SN

et e Dl e el T e Ga la e halala GaluTa Lalha Ta halialu alalalalhg

O AOOEOAOOAMNOOMOA MM

OO OO IO N A O O AN O OO O N TN O TN N N NN N NN N NN NN N NN NN NN
CCICALCLLL AL CALLC LA L L L AL L LCC LA L L CC LTI CLCL I

.
WX O qCZXZRENM
& waw >0ODWwWvmIX
@ WOREOWOZZ
Ao Wik LVLLLLOL

=
x4
[-= -8
(]S ]

[el=l~l=lolololol=lololelalololel
PO PO~ LD DR O~NM

Q
2]

OO O vt vt o et ot emd =l i el =t (NN NN NN N
AN AMOAAMN MO A MAMNOAOM WM
LI S BB R N R B I B

VO Q VOOV VOO VY VIVVVO0

z
L L L L L L L W L W A W U W B &
o e e e = o e e e o b o e 2

X eoesoneoe
O 2 3 XXX X
NS S
canenen
-O00000

IIIIIIIX
P p e

e S S WP

fome (o o o o e

X X «
- - &
[~ X
2 2 ~r
[= =] wnx
(SIS ] iy
mnZ e
-l - ()
g o« mEX o
T X = N QD
53 2 B
-

I % < 5"2 .
L 4 DO
L T We & oy o
[Ta BT S Yo ] oD ®em
-t e~ LY Yy XN
- - Jd0 ¢ OZ
X X |- [ P T
OV 0O =W - U &N
e o Dy (-4 oyl ol
N N e w » =N0
~ ™ WD [ Nem o
- = g =0 ot o b
EmZ=Quw WX LU T
Do D enill DO amwwP

ZOOLW DX ZTIL o
e 2Z HUT QAP O
TTFEAT N | o a e
DN SNOINZWZ T MMO
dXZrBL | QOO o sl
Lt hs ZIONCZNN= oD »

TV omet by o et b () U, UL DK

| =P~ A JELAE * & =T

e =) x QWoXX =
T, BT ) 01 T>LnnW
< oL LW » o n o

QD ) dObet= | | X T D
[C4TW- JT=TT) &4 [ VYV, ]
W el sl WIWEE *O>0N
X OQOCETWUW «Z W
QT P X LWL WX
T eX A QOLUZZ e 00
- - TZZWWO D
WL WL LW OSIO0 Wheo
@ +D T IZZW W
D=D=DD=Z2Z000D X0
P, o UL e e Qe LI D D N O
T e ¢ IXTXITIIX=-IIX
ST LM A= FONO T =t rt )
NN T OOt OO OO O ot et et
BN BN o e " et btaeee
3¢ 2D 3 23 5¢ 3¢ 3 2 D I 3 3 XX X
P L F FOT NP
o o) ¢ O RGO s nde
OwOwlOOOOCO0CO
ITXZXTIIIZIEZIIIIIX
ol o) b F) o=l st o) ol et eunt gl ol oo oo b
g S g W W TS S e W ey

- -
o £ b () e o= e = e e =
q <€ A ILLLILILCA L
b L} -} & & 5 4 !Ii!::

9 77+6Xy 1SHTHERMAL COND(K
0/7/46Xy 15HTHERMAL COND(K

bt bt ' drdaEry ChXudoddrxocaaolla Lo
drrxreddad il xdadcu O0000000-0 «0 00000000000 ~0 «O
TXZETXIZTZTEXITZTTIITIXDA ot b o b e U e o il iy U, e U U U U L U L U ool il

- ot e - -
O0000OO O O QOOQ00Q0000 © O
NOPRDOQ= N O FHOCORO~NME N O
tedetrtotONION N N NNNNNNAOOM@A @ O

L Y R R I L Tt T T T T B B




; MPFOODO O =N PNV RPO NN LNOOPOANFNO QPO ~ANNSFOODOO
: WIMANIAINNN 0 0O 0 0 OO0 OO o P o o oo e O RN D VD DODVONPPPCTRRRRNRO
! OMAMOMOMOEAMOOOAMAMOMOEOAOHoMMAMaMOMMaaOAaMaAaa OO Aaaaaann.g
! NN NN NN NN NN N NN N NN AN AN NN N N N O OO N AN N NN NN N N
(I LCICI AL I L ICIL]ICACALIILCELACLC LG AL A (I AL ]CI AL

|
B
; |
|

1

! (5] (8 - - - -
! [+ 4 -4 o -
) - -(d o] (=] e ] -—()

1 [ i) -il) [ | | -)
| o [1e]=] (=] Q Q - O
! N N - b b4 x - Ouw
| XTI X1 - - o Tr b of p S NTIT.Y
[ o e - - 73 ey n OO~
‘ IT - T » b o b o - - - -y
. - =T = al o ol =T ] (g [ L 2 <L
i -t Xnmno Mo Em X - - - ]
' < - e ey, - o~ ool - - - - " M) o
! [ 4 TN e o e ITm I™ [ [ [ oot 0O
! Wiomn M X N e, X M e Mo O (8] 9 - N1--1'N
] ™ ~0 oOh xS > «® a4 & & - gt Sriged
' <t UL o o MU = = My, M - ~ - - ooy »3C
- P D O o eDm O * - * - r b o s of -— x U, X ®©
| - DOXrtill, © DOXmtY, O DX DX N 7] n - z o o o
' [ - LN - O WLNe- Q W oW - - - - - o3 S
b N | X Smiem(d N emiemD) N et i) N ~N ~N (8] X el e,

' e W XeNy O Xennw O X e X o2 o . . a L 4 o el
we= = Nean@ T Nemn A T New NemZd N " n - - T O
G mQ tpprer N b 0\ e X WL “w T T ™ SzOW
Qi WE eI « sLWLT - o, el - - - Uy o = DTUWAQ
-\l DO mawnwPr X mwewPr X e o X *x x o D & N
QW D IT o wt =TT & = =T =T N N ~N NGO b CaDTwT
HiZ =l U PFOMN el POM e UdeaLtX - - - Q & = _jeaXTr~
TNt jomwr o OUiw v oo O ww oiljw =il T T p =4 Ner X Z2CT Y~ o
NOJNZWW T 0 AT MN® e TmaXlma [ O =Tl OUDw oM
XL | QO ¢ L N 0 ol NP P o w W =il UV elNNe N o o
i PN Zm eDDO o LA «O® = LW »DA OB ¥ T AFX WX o ccnmpmami@ +D
TV, et QoL L X e Malux «Q.MNl, M. I T I = ONZ=NZX ¢» DU
~ o od oo XO s oamMm X oo ¢ al $E D Qe elDUWUOWTY, -
\ LA 4 DX ¢ MJONI » MO OXDDI - - o O o ZNEADI>De ¢ ox
) V11 CunNa =QUWWNa & WINJWIN | edX =X M WO WrJd UL xXm
s = L e eex O e ool Qoo s aZO0m QG Umi syl oZDd ! | st $ o
' DVl JOM=te XTJWw > XTI >EXT IXTIWE « T o & e LIX=QD> Mk ™=
D= = YD D A=t =D

(818 ]

oLl = WILIW *9>> il &> =)o~ ~ AL O LW A ZO0 =X~
XOOLCETIe 062 v Zi= ¢Z o T o 7 = 4 2 LITWWOrmOm
MW LSOWUIW wmIOWWW =~COWIDUWZRW B CdW WOOULEwmLIX Q0
-QQ QOR 00 T o JOd it e o Nt UVoy  mttea W OedLQOBRIY
ITZZ ™ =T & e mZ AFre T W W IOV mt!¢0.<°0m°u.uu
'&UJUJU(('- Ware A W NV WO WAAm Qe O (- W < AT =
'MM~IT T Ja <a FWarFwarquw ZUu Tu DZ@IP~<<<IL
FODraZZd0 2T ZEdO=XX ::n.--:n.—-:>u. Qu Tu t-u.:uou.u:>> = 4
b= Q. LW VIO VI NI QA NN g L), W <Ww vt Ll L b R Y )
*ITIIIXQAIXII XIaXIX IIQ.IIQ.IIII II I ZII-I =ZITAIX
XMt P DR LT mtonth NOLmtomt) NPT tOT~ONDO NO MO WEITOVAMMITOm
T OO0 mdotomt =t ettt ot ol O eond O\ O o= (\] 0ot ot o 08 g =2 o g e (D et O st 0ol S ONJON OV P et g
N acsoenonmnesaan LIS I Y casmnaceacpm btamosaml corarY secanen
DI ICICICHICIIIC I MICIC 7 3 D IC I I I I I I b I D b 2 I I et 3 I 3C I O 3¢ 3L IC 3 DC 3¢
FOFLNE ST TN PSS ¢'N¢¢N~?¢N¢OU4‘OQ¢~OU~O~ON¢~ NP0
OO0t n . ee®en LIS W A S A LN - ool et en et taden
QOQOVQOO000 OOO000 QOOOQOOOOO-—OO-—OO-OOOOO—'OO [ol=]=} .
ITXIIIIIITr XIIIIIX IIIrIITIXIXTXIIIITITIXIIrITXTLIIITIIIXEIIYT i
oomnt omt gnl gud ol oo ot e ool oo o) o e o el v o) gund g ) e g el o £ el g LS o oo A, el o] ) gl gnd v el el o g ol g
e - P — PRI =t S P e P g D T !

r Uit ZZ b b el rolbe e e L e (D D >

[
o
E
[ ]

- ~N ~N ~N
OF) b o s e s o e o e s o s e e e s e i i e i o e @ e S @ s (e s o e e s e s e e ;
4L CICCII] €L CId CCIALCLLACINLELINIIN LI LCEC]CLLLCCQCT

I!I!
PN 44 4-4-14- 14 EALLXXXX o o [[(4-4- 4411
-OOOOOOQOOQ-OQCOOO-QQQQDQCOOOXOQXOQXQO QQQQO o O
-t

CO0QOO0000Q0 QOO0 COQVOQCOCO0D OO0 OO QOCOQOOOCOOQ
OO O=NMPING FORO~NAN MPNJOCDOO~N MF N0 FOOO~NMFNOt®
MNP LLLSL P FEFNNN DINVNANIINOOO OO 00 00O PePefafefepmpbefs
ol smfoved ol ol gmf ol g vned vl gt gl s o) ol unl) snh gt g ol el e o) o) o gy vl o o $ ousl ol o) ) ol o -l

222




=N PNO DO PO NN FN OO PO =NAFOOVOQ~ONMPE OO0 OmNmME N0 O
QOO OOE O Q) bt vt oot v ol et sond st ot (N NN NN NN NN N VYO VA OO O NP ST PSP T

NN NN NI NN O NN NN NN N NN NN N NN NN NN NN NN ONIN AN OO NN AT N NN N
AL I(AAAAAILCILALALCLLLACC AL LA LCLLLLCLCQCELC (] CCCgIC<S<aq9d

g O ~ Q (1 LT T w U - < < -
Q. - D W ® = I o X a a -
-y O O e w (~] - X ®O N © x % O
- W 4 -_l) N w o X e - - -
T O O n —~y L - o LT N N N @& T T O
N e W e NI O~ - ® ©® ¢ X o = N o W
Qe T O ™ — g - O (7O e MW w ®© - - - O
XA Mo - [} - s Om - N W X W I ™ M w
- e - XX ® TE - W e O »x ] . @O o wm . s T
TO ™M M~ W X T QD W -~ @@ X o X T o N ™~
[T ° - - — - N - O o §, ™ N = " G Ww 'S
s M & X ;s - oll, - . -~ e ® o e ®es o ma MN
- b o 9 - < [ B x X b X o O = N®O X X .
) e @ = - oo o X om® M ¢ = b b L L O O @D
Lo X b - (2} 4 L) o~ OO Ma - o~ - L] - ¢ Ne o We W
—dow D o N . Suw -y (TR tan - e N e N i e T -
WN = X T [ T-J= of < o~ DU . W W e s = L N AN X
oZ = Domree W -0 U U o * e W s W e Z 2 @®
WMo U, SNy, - ee | o= [ )] o9 U x ~N s N s M e we Q= -
-t -~pil b 3. Ll - oD XU e =T = & = % W N «N =
o, O Yo -ted » 21 Lol ©Q X NN L T W o U DU W
- W [- W} =t ot OO [« [l WNQ o Ve D [ ¢ N ey O We
L Q Qe - oy w PN AT oD X D & D Ne J - 9
T = WII - - D =Dl bW @@ X = T = FTow We W
NI I Qne ZZX QW WXy e W ew N @ N O LEOT O O
O ~ weoee ey w O & O™ WXE D o D w wet =P w
e = ToM ol X DT We QOQeaiNg » T = T TMNe N T
N N P ATT e WZ =A0 s Om WX et @ F O F O ormmy P = .
- e . MO® NP P anman () vton | o> wiy QMUY e w mm w -t o ¢ w0 -
T ® MUl O e oaeTTOINZUWUNML T o weopetN T o T o NUL-=0 |D ™
WU W s oo mAMUDOCL! tei@Q o= M= T F N ¢ N s XU ol o
cee o DM M o o ZimZINCZ0m o F~NZ0 ~ o e Nt e Oe ®
3 M WPN NOOT =Nl Jmilihd M e I o @ o O ~NON X =X b
oM ~t e oo mLWLIEA QA =Q e« MZ o N UL N U Letn €N o
e = XMQ O e ®ed=) | X Wt DZ XX o e ¢ o e e X e X
-y O M0 WX O™ I ITOND U~ ODWN © X O X Xedd <GUW ™ |
W T ew PP e =W » o o Umih e W ¥ W T NODO At -
D W YO U e o0 - dQOpmb=dn ) XMt =N & & e e e myg WD Q
X - T« ALY ) | et P Phnild O XOZW X = X m W O VW X
N WOV e = [TRTRCITVITTT Y ot OWECO VOV VO Y « T v W
ol b OV COMXJJOOCITEOV O LY & Z s m QWO U
2 < W T TOCIXZLWWOw - ot b= - e - 2 WY »n X
A N ek Wk st O O b W QU = X J J O nduw DA
wuwa LW < ¢ Wl W D & X D I = *¥)
w O o Wk I WLIWWO I D>L - A — 0O = I W A N
W 9 o QeJY=ano-~IX 2 XJ ' J € U W « [+ o] ot m—ail)
Mma > DT DODOD«A ;(23'—223 P E>DXL> T - T - =0T QA D
I IXTI ITILIXIITIIIIIX WY I I X I X IXIX IX
IM M «ed OOOITNOCMMeieDmi> TN ITOOm T O I O O™y ONM w4
Wed b mdodond Nt el O st (O (Ood (YNJppod PNt Dot OJod DO ol D ol ofpdodond Moui ol
*® L - o ® - e®eentean® - L IR I ) - - L ] - L L L -
M3 X I MICIIICICICIICIICIHIC I MMM X ¥ X X XX Xy X
¥ O WO PO OOOVOOODOOOF ¥ SSPY VO O VUV YV FPOe ¢ O
- » - [N - o 0o ®0eeeroead L - ae L 3 - - - " e - - -
00 O 000 00000000 QO OO0 © © O O OO 0O O
IT X IXIX ITXIITIIIIITIII IrXr IXIX X X I I XIXIXT XTI T
I L e R R P P Py ot lodvateniomot w4 mf wmd  ebededon) wloml b
- - L WP W P P g N P e - Vo aEd Sy P Y P . g - g, WP et - -
Q - -
bupe = opai e hebe e e e S b e b RO ehels e e
Y d 4] dAACALLACCLLC] €< CCLCEANLCD] o « (LA L« «
TT £ IXIT EIITIILTIITIILY EX~IXTITXIT~ITNT ZENIZIFIZ X b o {
xx & xxz-«xxxsx s¢¢¢¢¢‘.§¢—¢ CENAEOXLTY X [+ 474 < ]
OCQ~0O=QO00Q0=-0800000000000~00VA000 X0 WONC=O\COQQ=0Q=~Q i
A U Uy il iy b @ U s b e b b e e e e e e b ) M ey U e b by b, L B U ol R U W e U U b o, 1
L] -t it - L I ) -t ~~d )
OO O QOO OO00O0AVOORLOOD QO VOO0 O O O O VOO 0O © ]
RO ~ NP NI O~«NMNENG AR O™ $F B\ O > DO NN &
@ © VDD DOVDODARRPRIPOCRI OO QOO0C0 Q O M QO OQ=ecd wiet =4
dod  wd adotond ot ofoed et b el el oot demt (NN N NN N NN NN N
223




COmNALN OO OQmNAOTNOMDRO = NN TN O D O~NMENON O O~ O
LN NN NI N O 0 0 0 OO0 O OOt o o oo oo o PP e D VDD DT DD DOV RQRR O
R B BT It il 2 I b 2o o i b A I B B B I b e I e R AR A R L R
NN A AN NN NN AN NN N AN NN N AN N NN NN NN N IN NN NN NN
AL AL L QCACLCACALCACAGCACECALC LA LG CAQC (LA QL AL (LI LI L I

- o
nam o),
-l o>l
-J) L
- OXIX
T OWSN
ENLQO -
EOQwYm
wXw L o
w0
I~ o=y,
o o) o o
A o) omid
st 00 o0
® O =
[VREX JTTR S Y
ot o3 N
XX O X
f= a@ oXCm
I Sammadv,
anedonmi), =il
bl ==
- Od
N OW I -
DIWANI
NOwEO
NI XTI >
SO e @M M=_J"
WY opm T o o
UMNZI<Dw o LD
* sV «IT M soU
MOt ¢D & &
L b= o oD, =X
o o X Fitl, » oM
>A QUied ¢ aX$ »
O U $ Oailll
- s e -4
-IQ 1 1 XU, ok o)
- o Z DXV
m¢¢ OXHQNW
(T [TFUTV] 2o, -u.n

WY =0.Q
mzzmuxzz Q.

Wa W =H0w
-l OQI.U_”—I-&&
b—mZZdIL w
23323
(0]

II%IIWII%I
TITNOIIO~T™
ot et (N N O o ot et QO =4
o oo eeen
€ 3¢ 2 2 3€ 3¢ 3¢ 22
O ONNS PO OE S
et n
QO~MOOOOOO00
ZXIIXIIXTIXITT
ol ol gl o gl gl o g o)
T g N Nt Y g

SHI{PCT
gLB;I?Ngg.6X.F8.3.5H(KPA)D

e s o o e e e
d<d LT
I! II:!:!!

RMAT (1HO6X 13HCOND SAT TEMP ¢1XF8.3,TH(DEG F) ¢y8XsF8.3,TH(DEG C

X

LI
¢
L1 4

- o
oo
T

-

=
<<
b

X XXX
ol LA L

- gury
—-— iy
X
b o
-
¥F-
- g
[t o
* O
XOIT
TN, )
- e o
XM
—tet o
ol ot OO
-~ ol
-aem
Z2ZX
g et o
— ol
_—TT e
VINE F oo (Do |
e a=TXTOINZWNOWL
-l DD g o) 0 &
e o 0o Zrdpe ZINLCE Do
NDD T e Z el el W)
LU TEC Ad *Q
& »ead=| )X 3¢ 1t
LI2C DM ot EE Rl
b~f~f ‘ulb=iU) & ~d
*» oD ) wd QP Do
<<¥I-I- 1] ettt 2P (L)
L) & W U, e WL e T
CO=X JIODCETON
L ITOSAX XL WO -
O Smgemt B A D d
W Taxx ITZ2W
Wi =W QI >
Op YO Q~LTLT =
33<Z<<33—-223
g § b= pom Q, LWL b=
TLILLSIITITIIIIX
QOO I OO = A et G D vt =
O\t md 8O oncd omd () (0 st O\ O\ =t ot

l=l=lelolol=lelolote 1]
IIXIIIIIITIIIX
st 0l g 005 s g o) 5= o) 9254 g 0=l ol

o e e e e s e e

=t i
.

-
<<
T

ool ~ar ol

444
OQ QQOQOQOO-Oc-O O0=00200000000000~00
u.u.u.u.n.uuu.u.u.u-&-u.u.*!u.uu.u.u.u.u.u.u.u.mu.uuu.u-mu.u.u.-u&u.xu.-mxu.u.
-t -t

QOQOOOO0Q0
VO P PO NS
ol ol el ol ot €N N ONF NN
NN NN N NN

COOQQOOO0VQA000
O Qei NN PN QRN O
NNOO OO MO &
NN NN NN NN N

Q0
N

£
NN

T T w Q-

W N X oo X

e X ® &N ®

N w o X - -
- e T N N (NN o=
- ® D s B s =¥
(S W & © w O Neo

- N W T W XX
Q X o o 0 & wm
W - ® X o % T o
Q e U = N = T
-— - - - * - - o
X W X = O = N©
- ¢ =~ U U W '
[ o~ - [} [ 3 e N =»
[} po - N = N =X
* Ue e = W b e
@ ° s s U [
S a N ¢ ~N ¢ X &
o T = & bk o Om
X MmN W I W I e
D=~ oD N N ey
oI & D & D Ne=
o ob@® I = I b =T
WD ew N @ N @O WL

WX D = D w wae
Qe = I = I Im
WX et @O F @ T K\ o
QN & o ol = =l =D
w opetNN T o T o W
T o & N = N * -
PN ZD =t o -~ o N
SMUDU. ® OV & @O ~N
MZ o N W N WL WbLe
et XX (] - [} - o
O>WN ® X D X X
Wil = W ¢ WL <+ NO
[ 17, 1T - - - - -
XOI2W X = X = W
DWECE O VO Vv « LW
XY = Z e m Sy
ol b= - - - Z UT
T EIIEI
.
V—Q3 - 8 - X uvw
*P 4 € U W g 2]
FOXLD> B w T w =D
I w I - § =
«“ZXIX T I X b o o
ToO~ I O X O O
e\t XV o4 O o=t oot
L I Y - - - L ] - o
MM X X X X X
PSS O O O O s
ceaete o & o & o6a
QOO0 QO O g o 9O
IXIXTIT T X I Iz
rlonfonimdomend oud od e egemd
e S - g - S
(S -~ -
ol ol =) L™ L d
gLLENGEnL o <« oL
ZZXIIXIX~IT NI twtz
18&1\ [8]-3 4. 4
QOQ0O>= 'O\OQO\OQ

SO00
MeN0
A
NNNN

Q
3
¢
o~

-

(=}
-]

-l

o
o

—l

=1
~teNy
wun
Ney




rOPRO=ANNEFNOPDVROC=NOTL VR OmNN SN O COC ALV OORO~NM G
COPQOOCOO OQCQ O Ot ol ot it ot vet st st et Ny NN NN NN NN A A A A OO P P S
I ONNDNIA KON D DD DN AN A BTN DN OO DN D I Dt in i o ne
NN NNNN N NN NN N A NN NN NN NN AN NN N N NN NNNN NN NN NN
I A AL L LA LCLCI(CLALCGA LI AL SCCCLLA ST CA LA CAISILC I CIC gL LS

PE B ERERE RNE BPEREREE Bh REREE AR EARs SCERE hm e
MO MICHMIMRIM  MIC MICMKAK I X MICIICI MIICIIC  MICIIC I ha X 2 XK
O NELSTE $F NETPET FE NEPLE NS N P00 QLT OV
e SRR ERNE RS BPRREOE Re KERAn SRERe Gaa® o b e
Q0 =OO0000 OO COO00 QO QOO0 =000 OwOOO

QO
ITX¥ IXITITXIT IX IITXIXX XX XI=x
dond mpolededodend ot ol pirdedeoded cfed d

2,5H{PCT

~
o S e e o il il ot ol ol ol ol R S SN SISy S T S i S =

LTI IIXTIY IT ZIXXIIYTY I¥ IXTTYY EIIXYT IIXX WEEXY
XX e oot “““8‘ xXx Xxad~daxlXXd=-Lolxol gt o =
QO0~00000Q=00~C00000-~00~C0000~0Q0000~Q000«0XQO0C~0 X
U Ky Ly Ly b by L oy Uy e Uy L L o U U L, b L b e L e, W Moty € L A Ay U oy =4 Uy UL, L oL, ot

-~ - n~t - i~ —t -t - - -t

5.

< (& L 4 (™) < Q. -9 r 4 - -4 Ld
-8 Q Q. Lt 4 bt 4 - Ll - 4
X - ¥ - b4 — L T Q € O
- -—omil) e -y - xX XX - T
I -l O p -~ o X In In - O - O
(74} N~ "3 N~ (") -~ N e - X - X
- S - - T - -~(D N - (DN - I - I
~ s &1 [ [ 213 (1] -~y » - o ~as Y - N
. T & . FTwX o ° ETwd T - ® -l e -l e
[} P o} © o To e (O @ P 4 TH - T oo X o x
U _—-TNT e '8 aTNI o [V mlhe o s of NS - e -— e M
- N af~® - XM o~ - XM o X o Xt = %-‘ -
L x - o) Y, > e TS x - om0 - owi O e o= ¢ e
Q XY oot & 0 XN somt o O IM oo IMsese o o\ =
- m e X - M o® oX - N P N o Fen Mt O Met O
- =, DO -— «Ouy, DO - oD -t ol =t} o, O. sl Q@
o~ MU, o=t & =N Ml ot & =0y Mk 2 Oz DV & O e -
Z ¢ ol O2Z * axibhes O2 o oo & e wX I wx I
-y DX =y, Owme OMRN o, O QML DX, - oN N ol N
~ Wi aXC (=38 Uoomd o> O W temill, Wedemil, W X » - x - -
[T wedemet (D N odemedt S|, et o) ot o@) (O mas e O
[+ X o) ey Om X o) e O M em ) W o T =mZ e -Z
-l lonn e T J ~emnen(y I.J oty e omedemYer o L") 4
—— b w i SO T =TI WeipmIIT T =T W X W
QX sl T X X oLUu.IT X T s QA TN X N - [ -
oOn merur = XX meruey, = MO T o Mo e O WU X et X
N o o ILIE o =~o teTIZE o =t o =Tnm AFTON WU wdad - N
oty U FODO oM = oD om [FRRX 0 B} WSy & TO o TO -
U e mweosys O Wweoade O - @ Ow ewm® W Pw T $Fw I
oD WIEMMwD oM AT MM [ ] ITMTU TN TL a o O o O
XU QAP o sTUL WNW g o sTUL VWL = ¢ o =g Do o W [l BT
e o@D e e QAN e YWe WebexX QaDexkk @ s X o= ¥
ox QA ML «X 3 ik, X o QAML~N A=l & D= I M- X
I soemiy XM Q st ami XM mtooose Xosaose D U s W e
We =RXX e Mo JRXX v Mo QOXPQA DOXIA = N - N L]
ma Quuvwnta «a Quitinea o LNt SO | Xt X =t X
2 I oo o Q D oo el O WDesX W eel Zaru ~ QU =~
—r XIE JU W > XTI > XTI *Q IXTE Q WX e - e o
QO Mol o o Mool e @) i X L) e ¢ ODVIX = [V, 2 S
(7' W 9> ot W =B [ D ANV € O AN O AN O
QY = 2 Z N ZN e Z N 2N oZ ™) sZ ) O We 2 we 2
N COWW »l = COQWW *U =) COWEBUW <COWRW Z2BX> W B> W
XUl B odA B LW B AR S 0O e )X LN vm NQ R =
; Zx - wmQZ dX — mQZ L 2w JO 2= 0 - ) (&)
. a k= wa e VA =~ wadm a O Wl 0O wu ALV = QOWV
‘ b= e W W o TUWaA M FTUO M Tagadg UL Za< U
O «0~2F T X3 A= P X FTa=MX TFa=mI D>WaA W Cwae w
=) NANI) N N=Q NIV NV =0T q=a.TZ oUWl W OIgC W
IX IToaXIVI XTI IQaIInI II ITaXIZ TaxrZr ITIW I ITIWw I
N LTt TN N OLemtet XN N MITI > VNI E INOI O NOT ©

et AP rdedP et pdod (oot ot  mdand AP rdDed Pt Ded  Jobtod D  rponnt i (D edom

Sy
b9
0
Q
I
-t
-
(=
<

Zuw

QO 000000 QOQ O00000 Q0 COOQ0O 0O0QDA OO0 O VOO O
M NIQCO =N MPINGMD PO =NNTIN OORO =NMP N »
A (IDNMINVMNY VO 000000 O Mfafafefe fPeafefed DOOD D OO0 D
NN NN NN NN NN NN NN NN ~N

225

asadibe thama PUIISIE PTPISERPIPS “Nn




t
DO DPCAMPNOOPT QNN PN O OPOC~AIMNPFN OO Ot N O MNE N O
NP P TN DD O NN O O 0O 0000 0 O o P oo P oo P o 3 €0 00 IO O VXD
WA CUAA N A SN DN N IN A NN DN NI L LN DN NN

N NN NN NNNNNNNQNNNN NN N NAINN NN N NN N

I I CIGEICLELLGLLGCALLCLCNGIMCAC <L LA A (LCLL]CC LA IG G

Z - Z - *
- & - Q
X Q x O - Qo
N = N - oo - ]
- X - X - oy (%) (%) o
- I -~ I ! I rx a [- 4 &
—_— N T Y - - T o
-1 - -1 - - X T -l - [l
IO X o> x I IIes Lol )\ -l °
- e P - e P ¥+ L oo - -~ o ~N
b o - Ted o > = eoMm anN - o ]
N e o= M e - () " oo -0 -y - (2]
ol o - . [ T--1--J nwn menaml =T »
Mt O et ) — Oed®Ou.tlh =ik - mentNE oape %
s O e O QO WLemlliy, & maen - o™ NAX Ve [
Ve w o * - Q@ *XeexX BNX = V) XXdd X = »
& I wXx I -~ w XMXEXXNN T of Negaddad O AN 0
N N ol Wy - AT NNt wif\ o oo dO [ ]
e = e o = i\ Lot & T o= <tn_unsso~— TN [}
m—t-— —to 0\ W e o mama PV JXJX O Om w
-z e -_Z e A VN = ememdld oX2Z JIO0<CO0wC OW 9
o, N0 T2 w Q¢ aMmaaXlIrl mOow A Qi o - o ~
- U - W Iawin T ¢ITww ‘m= QO uwJIIoON ITx < [}
=" - Lot S Nl wOwwII © *0VO «>OXOC ¢ OS o I
had xX b X st & TWLTTEYT wx= TOOO »oNN oo Z O
-—el N wd N afNO X @ PP a® il Pw SN smb N o +
TV & AT o V) QAN o osemn XEU «FTNI o oW (3w} T o
$Pw T QA T WAw ¢ & MM s ¢ DOW NO oONN~ = O z »
of W X el O mibITiNdm 00N ¢ o@D ~Q o= ¢ o smlentild =die L 4 *
-t W DM W O and=N0 codll * WOINN=~NWLL «© WD -
A ee X QA oo T ZX o mmimtNliL ¢ O sl ¢t o o)t o o (=] *
! XTo~ T ©mt T WINXIZUA = oX0 DmZUN sNXX=a X Z et
Dw o & XU ¢ & = e NCW *NXXAT APl edXuIN=T OF < Q
f BoN & DaN & Ol SDITVNEE oD D ZX Ml ted oD 3 ]
Met M Xt XK QM JOWNO s el DV OF et oo a0 = - 4 W
OPy =~ LPL ~ LWwe XOJAATE ~0gqla~x *xo.O0X R w <+
oo o | ee o L ITmwy FEODX | ¢~§ LN 22X O o -]
=AM > WX > wWWNEWOO»DDAD KK XZOX =P~ ad w2 < 09
(S 1V, L,UB SR 17,1, TS | W MULIT VA J WAKOLUO e e o | - [
we 22 We Z2 DTYTi==Uuz2 VL B 2 oo OW. X on 2]
<> W x> W VOLZIXWWETRE | Dy SWLOREX 1T DWW - {
- S - W= QwmNimu RRZ0UXEND=N-ew A -dile -
- - ~ZXX - RS W Lwo OZe« wvx : a~N #*
O = O = | oolawa (6 4 J-WVRN-1.¥a) [ ] 2} o N
Tad U Fdg Yy ZZ2O0xXBAXULAZOM WXWWNESOZZWISZO™M AN [ <] -
383 b I3 p sesenSouaSIT.SeicaEnzacIz.ec g2 ¢
-
ITw X IXVw X IIbIIII%I!EIOOIIZIQ:QI:%INNI U e
ROXT O OO0 O =mIITMODIFNNMO~4mMOADOT =t TN Oetoicy =0
et () IOt oty O\t O ol et d pf b et ot & SO\ O\ bt P ot N st et el & &0 Ve ww o
- e on & o ® won oottt aresoseenaena(e [T91V.} &
MICH I ICICIC 3¢ e 2 2L I 2 2K IC I 3C 2 I SC I OO 3 2 3¢ I 32 2 I I M XK DO W ZLZ wN
OO0 VLVEPOIO VOPQOOLNTOLEPL L=ONNNL O S P L PO -l AN
1 -ew - oo - LIS I A A SR N I S I WA N R R R R RN = QO
QOO OwlOOO ai=lel=lel lolalelololelelololvlolale v o laloToleloTol] =2 Io
IIT XIIXII T I XX I X IIIrIIIIIIXXIIIYIEIIIIIY O <™
L T L T D B Ty e B e e L o L T T T B T e B v e P e L e o T e g\ .
- - S v ~ - Qe Zn
~ Q« OO
Iopope b shepei e gl s hu b P e e o e o e o e o e e (e e e e Y s e o e o NAEB N
I LN<CC]g CNddgLCCILCLLCCLCLCLILLCLCLCLCCLCL KL< g~ ~ R
ZIXI ILIYY TUIZFIIXFIXIYYILILIYIXITIXINIIIIYYX LR )
xgc: ot dgz - 4 -g¢¢¢¢¢¢¢¢¢¢¢¢¢¢ Xexexxaxadadgs 2D0.J4 Zg
QOLO=OxX000=-=0xX0O0CO0000OCO0O0000QQ00000A000Q0 I« D
N b, e #ood, et b L i, oot e, Ly b e e e e e e e b S e e b b b U L e M A e W A U e WY WX

ld -

©QoO
Oy
rr>

o
.-q
o
NN N

-d -

2970

elololelwlolatelolelolololTolo I To I fo Tole [~ To 1= o To To |
DPOQ et N PN OO P D et N PN O DO O ot (NN PN

o
S
S

O QOO OO D mt st sl v st o emsh =t wepont (N N NN NN

NNAMAMMAOMAMMAOAONOAMOMAMA O AMAOATON AW

226

OO

1Tss4

N
<ODODDO D




P QO et O (T LV Ot O (1) 8 LV 10 e et N0 ST U O P st (] (1 U O P et O 00 3 U0 W0 o NJEN 8 U NO ot NI (N T LN NO o

CRLVPLVLWLLOCOOOOOUJLIWWLUWLWILL L B b U U U (DO DO OO T T T X0 X T vwet ot s tont brg ot =)

(14°8H/WET)CIND 1T VINOWWY 1VvS 40 >»~mouwb
LT E
Exxd%G0-I90T06T0°T42%2dxBLT1T194%G00 °-ds9899G6E°1+449226€L°6=4
(d) JdH NOLIIDONN
(WBTI/N1DI0INDIT VINOWKY 1VS 4O AdIVHIN
zx:au
Exxd%x90-322110° ¢¢~¢;a40m¢~oo~oo.ua»dommomm 4+€1886 °€09=9
d) 9H NOILDJNN
(WET/N18 )Y0dVA VINOWWY LVS 40 AJTVHIN
zzzmu
Exadxc60€02600000°42%2d*SBB0606400°~d2lSaSYH2°14€1€606°82-=]VS
{d) 1vS1 NOI1DNN
{d4)dW3L 1vS ¢~zcau
NYNL3
Y41 $60-31
0EE 2-Cxx)l%x10-JCLB9°G4+Z %1 %G0-I%T02°G-L3€0-3%6829° 246192812 °0Q=MSH
(1) MSHL NOLILINN
{4°14°8H/N18)ALIATIONONCD TVHYIHL YILVM _mu
N¥N13
Y%51+80-3
2°GH+ERR 1 %G0-J2GEH08° 1-2x21*€0-3662L09G6°2+1%9% 28861 °-G68908°8=MSS]
(1) MSSIA NOILIDNN
(14°¥H/WOTIALISOISIA ¥ILVM »Mﬂ
zzawm
OT-3192°C-E+%x1280-3895°842431390-3€20°8-1250-3€BT18°€4H1€LH6°0=MSd
t1) MSdD NDILDONN
(4°W8I/N1IRILIVIH II141D234S ¥3ILVM huz
N3N13
1%G0-38L8R°64650%8 1° 99 =QMSOH
(Z) OGMSOHY NOI1DNN
(€134/WBT) (H1430)3 ALISN3Q ¥ILVM bmu
N¥N13

- 47V &¢¢WW LU WY LIPOXUW WO Ud W Wi WD

1

1

1

(S =)

(S

(% 5]

W

(B 18}

(S 18 ]

W




!
N LA O ot N O FUN O Pt NN U O ot NOOT VOt NN U0 ot N T U0 O et O 0O FINC it N PN

IO IIUYAUNENY NN AL LD LEETEITXIIZTZZ22Z2Z00000000.000.0 000

vl

b4
o~¢~coolmﬁﬁa#ohowmcm—o.¢N*§O§¢oom~¢mm0olc*~wm~mmoeoﬂmwmuwo
1

(HONIINIVId ~ SSINMIIHL TTVM 38N

Q) of=

<

*2Q0
640
NOT
Wni

N

& T =mO»

LT

Ex2d*01-3GB826°B 4222 dwl0-3ETSCG°Z~de el lG8L2E0Q°+SESZHZTO0 " =¢E
(d) €HNOY NOI11L

(E14/HBTIU0OdVA VINOWWY 1VS 30 ALRIS

NYN
Exxl%xl0-36T02°G-2%x12T006€0000°41%26006%0 ° -66%S1H " 1H=CH
11) £EHNJY NOILD

(€14/WET)ID1T VINOWWY 1IVS 40 ALIS

NiN

Ex%x1%x60-3188S "L ~Zx*1%90-38080° 9 +1+€62€L6T00°-GO0TELYEE"]
(1) 9S NOILON

fY°W8I/N18)1YOJIVA VINOWWY 1VS dJO AdOY

1
a
yni
=
N

ZZ=Q= ZH-$
QVUWZ= Da.n

N=-0Z ZZ~QZ

SOWZIW DUWZW
W WUVKWWN WHKLO LWXXWO WX Wi

N
Exk 1260-36%91°2+2%21290-328899° 1-L%9504€€200°4%16122060°
1) 35 NOILD

(4°WE/ALEIATIABIT VINOWWY 1VS 40 AMOY

Nan
Cax)2l0-362H512€2°C-L1%G5T1LGEG0ZL000°-EY12GBLTIGEE " =EHN
(1) €HNXL1 NOI1INNA

(2°13°8H/N18)I01T VINOWWY 1VS 40 ALIAT11DNANOD szzmn%

T ER ]

Cxxlinl
B0-3669€029°142x%x1290-324 18691 T+1x86186015000°+2462896280° I=CHNdD
(1) EHNdI NOIADNNS

13°W8T7/n18)0INDIT VINOWWY VS 40 LV3H u—u-uwnw

Q-
XWZZ DUWLWZE

lww@~o¢om.ulN**h*mciw¢om~om~o.a¢~¢o~¢ow¢mo¢moo.lﬁwwwmwmmmmm.umzz

(S 15 ]

(S 1S

(1S ]

QW

W

(S 1%

(19 ]




VPt OO N Dt N NP NO P =t NOF N Ot M N0 m NOOE N Ot N MV UN O P it N 0O F NV O i O

TOX XX L ENNVNNINNI = b = e DD D DO >S5S XX I T XXM >

(134/$)d310W0OUd-IANIT = 1471502 3801 WNANIWNWV

Y#x0»T128L€810°+E 24046012811 °-22+%0292L2%62"° ¢c*m¢mohmw.lmh~mmom—.
(Q) 3V NOI1ON

(HONT JY310WOBd-=IOANIT — HNIIHL TIVM 38N1 WANIWNTY

NyNn13y

Yexl

Q*166H5€160° -Cxx029T009T TG+ 252028 TE 1916 °-048GG6L2CC°1418€88260°-=)V
(0) 2V NOIL1ONNS

(13/$)INIVI4 - 1371500 3ant :Dz~tﬂmw
NYN13Y

§90°0=dV

.c-a<zc~buz:w

(HONTINIVId - SS3INIIIHL TIVM 38NL WNANIWNIY
N¥ni3d

Ox6€066102Z1°€+£71865289¢€8°1-=701

(a) 224 NOILINNS

(13/$19310W0Y¥d-30N]IT ~ 1471500 3901 WAINVLIL ONOJD

dVYA3
NI
ni3yY
3v
nd4

ON3

N¥Ni3Y

Cxx0%692126€2L " 14+0*5B8EGL6T00° 189620016 °T=231

{0) 731 NOI1INNd

t14/8)U310W0Ud-3ANTIT = 13/71S03 39N1 WNINVLIL &Mbw

iy,
0#668T1492000°-€xx0+8258LT00°-2%20%9€E€6EZ0°40%ZH9L06€0°~»G0€FT40° =31
(@) 31 NOI1DNNd

(HINI)IYI IOWONd-3IGNIT — SSINNIIHL TIVM 39N1 WAINVLIL

Y202 989EZ 2L *+E420%1998B9°H-220#22Y%2816°0140xY182€EH6°8 6688 EY €=I1
(d) 21 NOILINNAS

(137$INIVId - 14/1S07 39Nt z:~z<mbw

N3¥N13Y

(S 18

YO

(18 ]

(8 8]

LQ

(S 16

LV

(S 1)




OF N Ot N F U0

2 3= e e NN NNN

Hax0%9T62299°+Exx0%9LBG0E " €-2#»02%8LG596G5°9402561EH S "% -69866

(a) JJv

N

L
0
1

N
1

(14/$)4310W0Ud-3ONTT - 1471500 3901 WANIWNV

¢**Q*m®m¢ows.¢m**o*mo¢omo.muw**oimhoommohoo*¢doocmmmlmmﬂh

S
N

d
1
1

LN

LID o
Z0Z

ZO=0

WwWZo DVWZ

LAWY WLIxXWw

QW

230




LIST OF REFERENCES

Energy Sources, Part 1 OTEC, p. 7, May 1978,

4 1. Office of Technological Assessment, Renewable Ocean

[§¢]

Claude, Georges, '"Power from Tropical Sea,' Mechanical
Engineering, v. 52, No. 12, Dec. 1930,

w

Holman, J. P., Heat Transfer, 4th ed., p. 204-223,
McGraw-Hill, 1976.

4. Tong, L. S., Boiling Heat Transfer and Two-Phase Flow,
p. 76-79, Wiley, 1965.

5. Perry, J. H., and others, Chemical Engineers' Handbook,
4th ed., p. 18-82, 83, McGraw H1ill, 1969.

6. Owens, W. L., "Correlation of Thin Film Evaporation
Heat Transfer Coefficients for Horizontal Tubes,"
Proceedings of the Fifth Ocean Thermal Energy Conversion
Conference, Vol 6 of 8, Miami Beach, Florida (February
20-22, 1978).

7. McAdams, W. H., Heat Transmission, 3rd ed., p. 325-343,
McGraw-Hill, 1954,

8. Lorenz, J. J. and Yung, D., '"Combined Boiling and
Evaporation of Liquid Films on Horizontal Tubes,"
Proceedings of the Fifth Ocean Thermal Energy Conversion
Conference, Vol 6 of 8, Miami Beach, Florida (February

1 _6-.."..’, 19/8).

TRW Contract No. EG-77-C-03-1570, OTEC Power Svstem
Development Utilizing Advanced, High-Performance !
Heat Transfer Techniques, V. 2, p. I 1-36, 30 Jan 78. |

0O

10. Streeter, V. L., and Wvlie, E. B., Fluid Mechanics, 7th
ed., p. 235-239, McGraw-Hill, 1979.

11. Baumeister, T., and others, Marks®' Standard Handbook
for Mechanical Engineers, 8th ed., p. 5-57, 58, McCOraw
Hill, T1978.

12, Metrek Division of the Mitre Corporation Contract No.
ET-78-C-01-2854, OTEC Power System Performance Model,
by H. Abelson, P. 74-81, August 1978.

251




13. Neuman, G. and Pierson, W. J., Jr., Principles of
Physical Oceanography, Prentice-Hall, 1966.

14. Sverdrup, H. V., Johnson, M. W,, and Fleming, R. H.,
The Oceans Their Physics, Chemistry, and General
Biology, p. 1053, Prentice-Hall, 1949.

15. Westinghouse Electric Co. Contract No. EG-77-C-03-1569,
Ocean Thermal Energy Conversion Power System, Phase 1:
Preliminary Design, p. 9-9, 4 Dec 19/8.

16. Kostors, C. H. and Vincent, S. P., '"Performance

Optimization of an OTEC Turbine," Proceedings of the
{ Sixth Ocean Thermal Energy Conversion Conference,
Vol 1 of 2, Washington, D.C. (June 19-22, 1979).

17. Olsen, H. L., and others, '"Preliminary Considerations
for the Selection of a Working Medium for the Solar
Sea Power Plant," Proceedings, Solar Sea Power Plant
Conference and Workshop, June 27-28, 1973.

18. Vanderplaats, G. N., COPES - A User's Manual prepared
for a graduate course on "Automated Design Optimization"
} ' presented at the Naval Postgraduate School, Monterey,
Calif., March-May 1977,

19. Vanderplaats, G. N., Numerical Optimization Techniques
for Engineering Design, Class notes for a graduate
course on '"Automated Design Optimization' presented
at the Naval Postgraduate School, Monterey, Calif.,
May 1978.

20. Vanderplaats, G. N., "The Computer for Design and Opti-
’ mization," Computing in Applied Mechanics, AMD-Vol. 18,
ASME Winter Annual Meeting, New York, Dec. 1376.

21. Vanderplaats, G. N., Method of Feasible Directions,
Class notes for a graduate course on "Automated Design
Optimization," presented at the Naval Postgraduate
School, Monterey, Calif., July 1978.

j 232




INITIAL DISTRIBUTION LIST

No. Copies

1. Defense Technical Information Center 2
Cameron Station
Alexandria, Virginia 22314

2. Library, Code 0142 2
Naval Postgraduate School
Monterey, California 93940

3 3. Department Chairman, Code 69 1
Department of Mechanical Engineering

Naval Postgraduate School

Monterey, California 93940

4. Assoc. Professor R. H. Nunn, Code 69 Nn 2
Department of Mechanical Engineering
Naval Postgraduate School
Monterey, California 93940

i 5. Asst. Professor G. H. Vanderplaats, Code 69 Me 1
; Department of Mechanical Engineering

‘ Naval Postgraduate School

Monterey, California 939490

6. LCDR Raymond C. Schaubel 1
14673 Charter Qak Boulevard
Salinas, California 939907

~3
=]

Pr. Harvev Abelson

Argonne National Laboratory
Washington Qffice

Suite 185

400 N. Capitol Street, N.W.
Washington, DC 20001

8. Mr. Gene Barsness 1
OTEC Project Manager
Westinghouse ELlectric Co. i
Lester Branch
Box 8175
Philadelphia, PA 19113

3. Dr. James W. Connell 1
Director, Thermal Sciences
Energy Systems Division
Alfa-Laval Thermal, Inc.
South Deerfield, MA 01373

233




o »""'!!!!!E!ﬁ!!!“'-!!l.

INITIAL DISTRIBUTION LIST (CONTINUED)
No. Copies

! 10. Mr. Bruce E. Dawson 1
Foster Wheeler Energy Corp.
110 South Orange Ave.
Livingston, NJ 07039

11. Dr. Jeff Horowitz 1
Dept. of Energy
Chicago Operations Office
Argonne National Laboratory
9700 South Cass Ave.
Argonne, IL 60439

fi 12. Mr. John Michel 1
P.0. Box Y

Bldg. 920u-1

Oak Ridge National Laboratory

Oak Ridge, Tennessee 37830

13. Mr. Charles Rabidart 1
Lockheed Missiles and Space Company
57-02 150 1
P.0. Box 504
Sunnyvale, CA 94088

' 14. Mr. Dan Rossard : 1
Westinghouse Electric Corp.
Lester Branch
Box 9175
Philadeiphia, PA 19113

15. Mr. J. M. Shoji 1
OTEC Project Engineer
Rocketdyne, Dept. 545-113 :
. 6633 Canoga Avenue |

Canoga Park, CA 91304 i

(=

16. Dr. J. E. Snyder
OTEC Project Manager
TRW Defense and Space Systems Group
Mail Station 81/1538
One Space Park
Redondo Beach, CA 90278

17. Dr. Jerry Taborek 1
Heat Transfer Research, Inc.
1000 South Fremont Ave,
Alhambra, CA 91802

R

——



18.

INITIAL DISTRIBUTION LIST (CONTINUED)

Mr. Lloyd Trimble

OTEC Power System Development
Project Manager

Lockheed Missiles and Space Company
57-02 150 1

P.0. Box 504

Sunnyvale, CA 94088

No.

Copies







