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ABSTRACT

This report describes the technique
for performing a pitot tube rake calibra-
tion and presents the results of the
calibration of Rake 4. Brief descrip-
tions of the experimental apparatus and
procedures are included. Results of the
calibration of Rake 4 have been used for
the wake survey experiment on the model
of the ARS-50. Calibration coefficients
for Rake 4 are documented in this report.

ADMINISTRATIVE INFORMATION

This work was authorized by the Naval Sea Systems Command (NAVSEA) by Work
Request Number N00024-82. The David Taylor Naval Ship R&D Center (DTNSRDC) Work
Unit Number was 1521-730.

INTRODUCTION

The David Taylor Naval Ship R&D Center (DTNSRDC) ‘conducts wake surveys on
models of surface ships and submarines on the towing carriages. The device used
to measure the velocity field in way of the propeller disc of the model is
called a pitot tube rake and is made up of several five-hole pitot tubes. The
rake must be calibrated in open water hefore a wake survey experiment.

This report describes the complete rake calibration process including the
apparatus, technique and computations and can be used as a reference for any
future rake calibrations. The apparatus includes the rake calibration rig, the
pressure transducers, the instrumentation. and the mini-computer used to collect
the data. The experimental technique to calibrate rakes includes the alignment
of the rake, the pressure gage procedures, and the data collection procedure.
The computational procedures used to obtain the results from rake calibrations
are found in the two appendixes. Appendix A gives the procedure for deriving
velocity component ratios from pressure measurements. Appendix B gives the
equations for the calibration constants.

This report also gives the:descrintion of Rake 4 and the results of the
Rake 4 calibratifon. Rake 4 was bullt primarilvy for the wake survev experiment
on the model for the ARS-50., These results are presented as calibration curves
for the pitot tubes in Figures 7 through 14, The coefficients for these curves

are poresented in Table 1.
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DESCRIPTION OF RAKE 4
Rake 4, shown in Figure 1, was built for use on the wake survey of the

ARS-50. The rake had to be small because of the ducted propeller on the ARS-50.
The four pitot tubes have hemispherical ends, each with five holes. Figure 2
shows the schematic of the five-hole pitot tube., The tubes are numbered one
through four with tube one having the most inner radius. The odd tubes are on
one side of the rake and the even tubes are on the other. The radii for the
four tubes are 1.851 in. (47.02 wm). 2.426 in. (61.62 mm). 3.014 in. (76.55 mm).
and 3.563 in. (90.5 mm).

EXPERIMENTAL APPARATUS

The rake calibration rig is the essential apparatus needed to calibrate a
rake. Rake 4 1s attachcd to the calibration equipment in Figure 3. This rig
allows calibrations in the radial and tangential directions. The calibration is
usually performed on Carriage I or Carriage I1. The Rake 4 calibration was per-
formed on Carriage 1I. Normally, the rake is calibrated in one plane, holding
the other plane at N° to the flow. There are graduated scales for both direc-
tions from -30° to +30° in 1° increments. The angle is changed by manually
turning a wheel, bhut stepping motors and potentiometers have heen added to the
rig to improve the efficlency of the rake calibration. The stepping motors
mechanically change the angle and the output from the potentiometers give the
angle readings. These.two additions to the calibration rig were added to set
the angle, but not to be collected by the computer. During the Rake 4 calibra-
tion, both methods were used.

The rake calibration requires measuring the angle of the rake. the velocity
of the towing carriage, and the pressures on the pitot tubes. The angle is
determined by visually looking at the graduated scale and manually inputting the
angle into the compnter. The velocitv of the carriage is measured and
controlled by using a zero velocity pick up which provides a five volt square
output pulse. For example, on Carriage II, there are 100 pulses/foot which per-
mits regulations of carriage speed within a hundredth of a knot. These pulses
are counted on an electronic counter controlled bv the computer on the carriage.
The pressure data are measured bv using four Sensotec strain gage differential
nressure transducers on a tube. The center hole (C) is connected to one side of

all four pressure gages. then the other side of each rage i8 connected to
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either Rl, R2, Tl or T2. There are two sets of gages available; therefore,

data can be collected from two tubes at the same time. A description of the use
and calibration of five-hole pitot tubes 1is given in Hadler and Chengl, Hale and
Norrisz, and Pien3. A block diagram of the Instrumentatfon used with the
pressure gages on the Rake 4 calibration is shown in Figure 4.

Data from the Rake 4 calibration were collected with a Model 70
Perkin-Elmer Mini-Computer. Figure 5 shows a diagram of the computer and its
peripheral devices.

EXPERIMENTAL PROCEDURE

Alfgnment of the rake on the rig is critical. The radial differential
pressures (Rl and R2) should be equal to each other and so should the tangential
(T1 and T2) when the pitot tube is exactly aligned with the flow. If this is
not the case, the physical zero will be shifted., This physical zero Is the zero
when the flow 1s exactly the same on each side of the Center hole. The pitot
tubes on Rake 4 are not exactly parallel to each other; therefore, when the rake
was aligned on the rig each tube was not exactly aligned with the flow. This
misalignment caused a different zero shift with each pitot tube. These zero
shifts can be seen in Figures 7-14.

The pressure gage system must he properly connected as shown in Figure 6,
The valves are color coded to simplify bleeding, pressure gage calibration and
experimental set up conditions. During the final bleeding process, the pressure
gage system 1is attached to the rake allowing water to flow throughout the
entire system. After switching the valves to the experimental condition, the
experiment 1s ready to begin.

Collection of data for rake callbration 1s run at only one speed of the
towing carriage. With Rake 4, the data were collected at 6 knots (3.09 m/s) on
two tubes at a time, between + 30° at 5° increments. Once the physical zero was
established, data polnts were collected in 1° increments around zero, to better
define the zero crossing. The measurements for each data point were taken and
averaged over a period of five seconds. Measurements were also collected at
duplicate angles to assure repeatability and accuracy. The pressure gage system

can measure to within plus or minus two hundredths of an Inch of water pressure

(5 pascal).

I References are listed on Page 6,
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PRESENTATION OF RESULTS

Results of the Rake 4 calibration are presented in graphical form as a
function of angle of inclination at one speed. The calibration curves consist
of from 23 to 32 data points collected for each of the four pitot tubes in each
of the two planes. Each data point on a curve consists of the value for the
differential pressure ratio from which flow directions and magnitudes can be
calculated for both the tangential and radial components. Appendix A presents
the procedure for deriving velocity component ratios from pressure measurements.

The wake survey computer program requires the rake calibration to be in the
form of coefficients created from the data points of each pitot tube. For this
rake calibration, the coefficients were generated from the experimental data in
the program POLYFIT. Appendix B explains the quantities which the coefficients
represent on each of the Figures 7 through 14. POLYFIT fairs a curve through
the data points by polynomial least squares. Using a fourth degree polynomial,
the graphing program generated 80 intermediate points.

Figures 7 through 14 prasent the calibration curves for all pitot tubes on
Rake 4 in the radial and tangential planes. The listing of coefficients for all

the tubes are presented in Table 1 ready for input for a wake survey experiment.

DISCUSSION OF RESULTS

The Rake 4 calibration curves have the general shape of the previous
calibration curves of other rakes, but with some different trends. Comparing
the data 1s difficult because the tubes of Rake 4 are about one-quarter the
length of the tubes of Rakes 6, 7 and 8. Rakes 6, 7 and 8 have spherical pitot
tubes and Rake 4 has hemi-spherical pitot tubes. Previous rakes were built to
closer tolerances than Rake 4.

As shown in Figures 7 through 14, the physical zero was not close to the
assumed zero position. The zeroes of the radial plane for all four tubes were
shifted to the positive direction by as much as 7°, i.e., the tubes were
pointing away from the centerline of the rake. The figures for the tangential
plane show that Tubes | and 3 were on the positive side by as much as 2°, and
Tubes 2 and 4 were on the negative side by as much as 2°, all four tubes were
pointing down. The nomenclature for positive and negative directions is shown

in Figure 3.
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SUMMARY AND RECOMMENDATIONS

Rake 4 was calibrated for use with the ARS-50 Wake Survey Experiment. This
report briefly describes the r.ke calibration equipment and the rake calibration
procedure. Results of Rake 4 calibration are presented in graphical form with
coefficients of each curve.

Before these data were collected, there was some discussion about bending
the tubes to get a better alignment. Due to scheduling and time constraints,
this was not done for fear of breaking the tubes off the rake. Prior to further

experiments, it is recommended that this rake be reconstructed and recalibrated.

ACKNOWLEDGMENTS
The author wishes to acknowledge the assistance of all Center personnel who
contributed to the Rake 4 calibration experiment. Deserving of special recogni-
tion are Ms. Rae B. Hurwitz who assisted in the preparation of this report and
Mr. Eugene E. West who set up the rake and helped to conduct the Rake 4 calibra-
tion experiment., Appreciation is expressed to Miss Evelyn I. Glesler for typing

the manuscript of this report.

S
s

- LIRS P R SN Y - . O R R L I P R R IR DT
el el tataet alata s alate a’s  alal s .A " re aaadha, LI LWL WA WP 2P U WA VNl Wi YDA WAL QN WA W W W W Y e e

. 3 o
Ll Lo .v )t
a £ s 4 _4.a B "

1

-




S

i

REFERENCES ;

1. Hadler, J.B. and H.M. Cheng, "Analysis of Experimental Wake Data in Way _ :

of Propeller Plane of Single- and Twin-Screw Ship Models,” Trans. Soc. Naval

Arch. and Mar. Eng., Vol. 73, Vol. 73, pp. 287-414 (1965).

2. Hale, M.R. and D.H. Norris, "The Analysis and Calibration of the
Five-Hole Spherical Pitot Tube,” ASME Paper 67-WA/FE-24, 8 pages, (1967).

3, Pien, P.C., "Five-Hole Spherical Pitot Tube,” DTNSRDC Report 1229,
(May 1958).

. e -t - P P T P R O [ . FEE TN . '."-.-.'~"~ .
P P ¥ O NPT S SIS LM SR AT ST SR S S S ST W, U VO, SR S S ¥ Sl S S S T S S PR

alaek

A
ched i aloa a

b

e

e,

e

G
aad




£ ¢ o 4 LA SN s 4 —— e e o o —y——
. , ) v —

. ' |

!

J

¥

sueTd TBTPPY UT 4 9qnl JO UOTIBIQTTE) - yI 3In8T4 g

.4

SIIYOIA NI ITONV

0L 52 a2 Sl al 5 ] 5- ar- G- Gc- Sc- Gz- Y

0 ——t , c e

T S T ] :

| _ni-gu-o i . | Z4-T4-07 . o

SO* r  Ty-2™ _ ._ za-Ty9 — S°C " 3

- '

A oy

4 ¥ 3 5

— . ) : . 24-1¥-02 "

-0 0l 0l s g

x5 . R

e ..w..

- Mﬁ . X - t\.\ [ ] . m . ﬁ ...L

o ) . . -1

“ .9 b : 2

\/) 0z* i .f ﬁ .... 0'z o 0o

h TNREXEK r 2N Y- o~ L

" K

w @ T ) 3 .

1} A IR S '

2 s¢ 4 A . —$ c2 o

N 14-D [4 .8

e 74-07

- . .HMW' - 3

o€ 0t —N-v iy

A "

< 4

-0 cge ‘¢ "

o%* 8y

ﬁ 90-32911°0 80 3pSBS o8- 90-3PL61°0 1@ 33981 @ ....
' SB-32855°'0 10 3vSbZ 0~ vB-3ek11°06- 18 31ese’6- Y
: pB-3becE " 8- 16 38191°6 PB-3.588"0 MW wmmmmwl 4
20-38009°'0- 20 355¢2°0 2@-3£225°0 )
3 00 3568S1°'0 : @ 3Ivecl’e 1@ 39£92°0@ " 4
1 ® o 3spsz'e () o z © b




11-0

(z(°99/35)/15d)

(V) o

ST*

T Y YT - v A Al T — ..ﬂ > T ,.4,\ > - - — -\.41.41 4 1 — ~— 4 <4|d_
] : M N ’
sueTg TeTIUsduel ur 4 aqnl JO uorIBIqQITER) - €I 21n813 )
SATINAA NI ATONY .
og gz 02 g1 a1 = e} - Bl-  Si- Bz Ge-  pe- .
_ _ . e _ . ec
L | PESEE T 4
” 4 - | I-11-32 ! :
| 11-21-0¢ “ b | DR S 4 - & _ e
e . ; - 7111
TI-¢1 L .
| Z1~11-22 :
el Ti-11 '
1 @ ...J
4 'Y ) -
‘®. ¥ . Iy
PR * . §'1 e
R o . u
([ o 1
.;¢4n 82 4 y
4 ] ;
) . IERY AR s B L R Av ..u
m. g2 mm
. -71-0¢ .
B =9 — e’'s 11-¢ :
] H L= T1-21 P
St 3
P
ey b

9@-365P1 "0 68 32658°0- 9p-386081°0 80 3esrl‘o

€8-38268°0 1@ 3p225°0- Se-3£229° 8- @8 359l g-
$8-3£519°0 @8 3rEil' 8 v@-36081 ' 0- 18 30.80"@-
20-31065"0- Z8 32822°0 28-1Ep19°@ 20 3evez o
e wezie (%) 1o 3spi-e- (£) @8 3ezvi-e re wist-e- (7)




4\, 1.JJJ hen 2 ne San 3 og Yy v—v Y, v T T v v Ci A ...M haud .. ha Al v v
' | . i
]
. dueTd TETP®Y UT ¢ aqny JO UOTIBRIQITED - g1 2In3r4g
” SATIOAA NI TTONV
[ e sz @z S Y S ) - @i- GI- @z- S2- ee
[ 0 ot e
5 ] | x ¥ * x x _
. 14-29-02 i !
ﬁ_ m...Oo n HM'NM kR ! X x ‘.. NMml.mMmIUN I g
1 ) 23-14
k
ﬁ 2
i 19-2 ot1* + va 81
; g 4
1 |- --.Appu : S°1
=) 3 [ o. .
F v ?e. 4
b n .9 ..... -
ﬁ. ﬂ.’l ONo oveeva | RN L [ 3 .. i Q.N
b n 4
' @ A 4. \k -
e sTtl—- ¢ VTS —— -
0 q-0
i ~ L A
4 . .
{ A o€ 4= e°¢
Z4-3
Gg* S°g
H o%* o'p
j
] 8@-36595 ' 8- @0 38£66°0- 99-3€121°0 i@ 3vivZ o
] ge-3z:@1 '@ 18 3286 °0- 6e-32216°8- 18 3vezs e-
: mm-wmmwm.m- 19 36SpbL 0~ 66-321.9°0- 10 mmmww.w
- ‘- 20 3c01Z°8 26-3022.2°8 20 3281z’
f 00 35291°8 (g 10 32255°0 1e-3svse'e (9 18 ssvse (O
ﬁ

A AP A S A R A S

Z4-19-02
2a-1d

18

T4-28-02
8-




——

R T T e e e IR e T m—

c0°
110 Ot

G1°

0c*

(2(099/11)/Isa)

oe*

¢L-0
137

o%*

Ty Ty T T e Al A b ket 44 T Lund .{ " T v ARy j{lﬁl\‘.‘.“ hARL L M SIS an S i.
) o W o .

sue1d TeTIua8ue] ut ¢ aqnl Jo UOFIBIQITE) - [ 2Indr4 i
‘i

SITIOIA NI FTONV

18 3epiz e A”v

BE Sz o2 st el s - @i- SI- @z- Sz- @g-
¥ | o'e
.X.X.XX
11~271-02 1 . Z1-11-02 <@
Ti-Z1 T ZI-11
R 3 k3 g1
. b
— o2e = g1
o ...
.. -.
XA s
-o 3 e-e
IR 1 B 2 B
....... | O S
Vi,
A 2 .
£ 71D - eE
11-2 |
5§
ey
20-36615 " 0- @6 3525z°0- 98-32.€1°0 18 3.561°0
50-36052 " g- 80 3.6/ 0- S0-3-888 " 0- 18 3820.°8-
£0-3v851 "0~ 16 38265°0 #@-3551.'8 19 3£892°@
28-383£9"0- 20 38522°0 28-38925°0 28 3991z'0
ee 3izsi'e (%) 1e 39£02°8 e 3erzi'e (@)

Z1-11-0¢C

¢l-11

11-21~0¢
11-¢1

17




p Lo T T T e T T S g T X
! 1 ) S o ta : ' - . S oy, ST . e . X

| B
.. sueTd TETPE®Y UF 7 9qnl JO UOTIeaqrre) - Q1 21n31d g
] ..vL
. -
3
F ) .

ﬁ SITYOIA NI TTIONV

._ .

. e sz o2 =3 S | S () 5- el- &i- @2- SZ- 62

§ 0 —reys M e
: r o P b i
] T3-249-02 ¥ *. ; - A

. = [ ; 74-14-07 __ b cog -
X S0° - T4 cd . i a ' ' 249-14d ' N
-t 3 ,...L
. A 'y 4 gy DI o
N ot - . a1 s
-0 k @ ..ooto »NU .
. * .. x .
2 . SI . “a_ g1
g ry * \

' o ¥ Y .. 5
”. ” Qe "’ | q # A-... [ m-N O o
t mﬂ/ 0c X 2 .... ~
' ~ N ] ]
1 2 A ® A e ;
: & ¢t ¢ 4
w < T9-0 =0
[ [ B
w o€ 8°f  |y-zu-oz L

A Ta-7d B

Té-0 .

. cg* §°€
r . i
oY* ey .

,, 20-35002° 8- @8 I16£°0- 90-3p291 6 A g
. 98-3590S 8- 1@ 36641°0- pe-30211 8- o0 Soeer o
z +@-3899.°0- 190 322p1°0 £0-38201°0 N ;
ﬁ 28-31625 8- 28 32912°0 2e-3very 8 e e .
g e 21510 (3) 1@ 3oy 0 1g-32568'0  (9) 5
_. B




T

TR LY

—

T T

o e B e e Ran s

11-0

<Z(oa91:;>/xéa)

<0°

o1°

13

ozc*

. I A cag g

2UBTd TPTIuaBuel uT 7 9qnl Jo UOTIBIQITE) - g 2IndBIJ

sZ e2

Sl

SAFYOAA NI ITONV

el S

Si-

ec- &Z- eg-

_ _
11-21-07
T1-21

| 1

¢l-11-02
Zl-11

1L-0

<12

28-3r98c " 6-
98-39286 "6~
£@-31901 "a-
£@-3008S ' 0-
@6 31601°'0@

®

68 3J1eop°0-
16 3vlvi-e-
16 35820
¢ 358626
1@ 382st - e-

©

.6-3001F 0
5G-31p1t G-
ce-35197 8
20-382£9°0
66 3s9zi'a (2)

BB 361cE0
16 38¢r! 8-
16 389/1°6-
b 312020
1o 32201°8-

©

81

e'e

s'e

Z1-11-0¢
Zi-11

G

e-e

g*e

11-21-02

8'f TyI-71
g'g

ey

(e 200 AN M aan 4

15

A\

Caom e e |

B I
S T

. -~ ." -.' s" ...‘ .M' .
LR B L IS

Tl A Al o

. el

UG W A WAY W

ol

-

o~

Lol e el ml.




O MO Y DA 4~ . A A
2 Ly
b .._
’ SuBTd T®FP®Y UT | 9qnL JO UOTIBIQITE) -~ g InBT4 o
: SETYOAA NI ITONV
eg g2 62 g1 91 S e G- @l- gl- @2 cZ-  eg-
v e'e
0 T 1 ¥ x:.ﬂ_,axx _ _
14-28-07 Xx
oL T-T¥ S Xx 24-19-02 gp
S0° - T 1 x5 a-Td
: A ¥
| e $ 4 gy —DI1E-0Z
ﬁ 01 '3 p 28-1y
| - f %e )
* ~ . ? 0.0 . .
| PR S O I . 51 g
. ” ...f.... 4 o
. ~~ R . ...
b “..43 0z — A ‘ A = g2 M ....4
~ 4 9 4. ¥ ]
e T8-0 (8) i SETRON SN ! o
> gz " g2
e’ -. O
A ;
24-0 . 1¥-74-0T -1
A0 ; A B
! 25 - )
: ge* e
( -
.ﬁ ] R
b (1}
ﬁ
¢ 20-38231°0 6o 3815i°0- iB-31979°9 19 3142171
' S8-31161°0 19 393010~ §3-36287 " 0= 19 305% 0~
p@-36v9¢ " B- 10 35201°) 58-377718° A 83 33336'G- g
i 28-38255°0- 20 22,B82°0 2e-31215°3 20 39592°7 @ 4
.‘ e 33551'0 (8) jo 3e112:0 @ 18-3v953°Q 16 35014°3 -
¢ B




11-0

¢1l-0

(,(928/33) /154)

G0°

ot1*

ST®

¢e*

115

ce’

e - (M ey ... 1«. e v ’ A G a8 1-‘.1. - -I1 v g T —— 4411,.J - ﬁ...
S : : _
K 1« . .~ . m . K
.HL
auerd TerIueBuey uyr 1 2qnl O UOTIBAqITE) - [ In3TJ i
SEAY9IA NI TTONV g
eg Sz ez St el g c- @l- &Si- @82- sZ- oec-
*<] 8°0 .
_ _ 3" x _ B
xy
11-21-02 ¥ x.:. C¢IL-11-0¢ 50 L
[ T 1« R 1 T-1L i
.. ‘. _L
o _ V Z1-11-0¢
- el —ZI-1ti
mmu . T
. Lot L )
. - . = “‘1 — m- ﬂ .
ki g 4 ¢.:.. X
UEE & 4 9.
) _.._,..#. @ & s L ‘e a k
3 A :..:..F.wﬁ..z
£ 4 A . &z
¥ 11-0 [4
e  11-71-02 -
1 8¢ T1i-el B
¥ g
s'g ,
8y X
20-38688 " 8- 00 3EST1 B- 28~32p92° 8- 60 32/95°0 mm
CB-35162° G- 00 mammm.m- 98-3611.°0 16 32982 6- ]
rB-3285. " 6- 16 389pc @ B-26152"6~ 18 3g£€2" 0~ )
2B-32¢65° 9~ 26 356020 ﬂm_lummwm”& c mwmmN”& X
08 3/621°0 AHV 16 3pbe o Ge 2.661°0 16 39/682°6 AHV ¥
_



v v v .1141111.1

M Y MIRCRACAON A MRS UL EU U S A S PRI
AR MO MR EARS . ..

. ot Te T

...... m [ DR -, ... N .vnu PRI i { L at
-... w.‘
: A
g :
,Y. .

, wo3skg a%e9 aanssaid 3o dn-313s - 9 2an314 -
T. ....,.s.
.r. : .u
b ]
b ]
b Aoe1g - 19 QTOIINVH JIINID O ._

Ped - ¥ 4

i uldIn - 9 P

. anig - g 23 . 14 b

. DITYM - M rn ?J_ . M

MOTTaX - X t = | N
’ % "9 Q mm QO Q / A

. 1 L 1 T . ...
{2 .HO.H.H& * .

: JOVO ' ) ! ' o~ T3

SNVO NOIIVIEITVO R
TANSSTAA ' 2 At 2 = ]
b 1 ] 1 1 \ K
g Av i

. 95 d E z
. b
5
) 5

1d “,
3

q0¥nos

! —O0— TTOJINVH 30¥N0S —0— , \
: YdIvVM 1q




juswdinby Ter8ydized pur Is9andwo)-TUTW Jo Weiderqg AO0Tg - § 21n814 ar

WIINTHA vIVQ b
qa3ds HOTH TAINAOD q33ds >

11

TVIIOIQ 4HLNdROD-INTR AdATITAL L
0l D0TVNV .

w JATLHIIANOD o
f

: NpAL IC VIV o
‘ IIVI qdVL ATONV .- ..4
_

TANSSTId AOVEI-6 e




uoyjejuswniisu] 98eH sanssaagd jo weaderq }oolg - 4 9Indyg

Id03S

YALIRLTOA
TV1iIOId

Xod
HOLIMS

4310dH00
=INIR

JALIIANOD
TVIIOId
Ol DOTVNV

YANOILIANOD
TVNOIS

qovo
TInssIdd
Jd1OSNAS

.......

10

MW U WA

R UL TR I TA N JO AN N R U SR L N T A L . R N T TR
" PR VN WA WA WA Jai | DIV Y Ui Wadw ¥ PR N U 10 I YA Wl AP LA P UAAP U S Wy PELA W AP Y W Ve

.-ttt
- e e

NI NN




vVYYYv-'F

e w.f

49-6-82 TUBE 1, 3 TUBE 2, 4
FSp T + ANGI,..E + ANGLE

RADIAL PLANE Q——

‘%.
TUBE 1, 3 TUBE 2, 4
PSD 7349-6-82 + ANGLE + ANGLE )
o 0 gy

TANGENTIAL PLANE

Figure 3 - Experimental Set-Up of Rake Calibration Equipment
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o
‘u Colurn Identification
. 1 c-T1
- 2 C-T2
: 3 T2-T1
L 20-T2-T1
T2-TL
> 5C-T2-T1
6 Arr
. c-TL
M v 2
LT
8 o
v
LT
2
2 Vir
10 Vi
11 cos .’51.'1'

Derivation

Pressure at hole C minus pressure at hole
Tl, converted to inches of water pressure.

Pressure at hole C minus pressure at hole
T2, converted to inches of water pressure.

= (c-T1) + (C-T2) = Col. 1 + Col. 2

c-T1) - (C-T2
=loom) T+ te-m3) = Cot- 3 [ Col. %

Angle of water flow in the LT plane. Read

- T2-T1
from calibration curve at valiue of BT
in Col. 5. Xf the velue of Col. 5 1s negative,

T1-T2
read the curve labeled o

Read from celibration curve at value of lBLT
in Col. 6, if the value of Col. 5 1s positive.
Otherwise, omlt. '

Read from calibrationcurve at valve of 'BLT

in Col. 6, Af the value of Col. 5 is negative.
Otherwise, omit.

= C-TL =Col. 1/ Col. 7
(c-T1)/ (V)

if Ccl. 5 is positive, or
= c-T2 = Col, 2 [/ Col. 8
2, -
(c-'ra)/(vLT )

if Col. 5 1s negative,

Component of the weter velocity in the LT plane.

= 1’ VLT2 = square root of Col. 9.

= cos of angle in Col. 6.

24




.- s e e - -

................

Column Ydentification Derivation * 4

12 sin A o = sin of angle in Col. 6. o
L
13 v Longitudinal component of the water velocity R
In derived from V.. 2
LT =
= VLT X cos /BLT = Col. 10 x Col. 11. 1
b1 Vop Tengentizl component of the water velocity. ‘
15 C-R1 Pressure at hole C minus pressure at hole Rl, B
converted to inches of water pressure. ]
16 C-R2 Pressure at hole C minus pressure at hole R2, 1
converted to inches of water pressure. L]
17 R2-R1 = (C-R1) - (C-R2) = Col. 15 - Col. 16 1
18 2C-R2-R1 = (C-RL) + (C-R2) = Col. 15 + Col. 16
R2-RL _ (c-m1) - (c-R2) _ (0 S
. 19 SreT = lem) v (ere) = GO+ A7/ Col. 18 .
= 4
20 ﬁ Angle of water flow in the IR plane, Read {rom
IR : R2-R1
calibration curve at value of 5C-RO-RL in Col.
19. If the value of Col. 19 is negative, read ST
R1-R2 ennd
the curvs labeled 5C-R1-R2 -
C-R1 , 3
21 -~ Read from calibratlon curve at value of Ao ]
VLT in Col. 20, if the value of Col. 19 1is positive. _;11
Otherwise, omit. '
22 9;1% Read fro= calibrationdurve at value of ﬁ’m ]
Ver in Col. 20, if the value of Col. 19 is negative. -
Otherwlse, omlt. ie
v. 2 L2l = Col. 15 / Col. 21 -
23 IR (c-R1)/ (V%) . ' ~
1f Col. 19 is positive, or -
C-R2 )
= = Col. 16 [/ Col. 22
C-R2)/{Vy ¢ )

if Col. 19 is negetive.

25
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Colurmt Ydentification

2k

25

26

27

28

29
30

31

ViR

cos ﬂI.R
sin/am

v /v

Derivation
Component of the water velocity in the LR plane

- sz = gquare root of Col. 23.

= cos of angle in Col. 20.
= gin of angle in Col. 20.

Longitudinal component of the water velocity
derived from VLR'

-;vm x c:cs/f'.‘:‘R = Col. 24 x Cold. 25.

Radial corponent of the water velocity.

™ VLR x sin,ﬁhn = Col 24 x Col. 26.

Model speed in ft/sec.

Longitudinal component of the water velocity
expressed as a ratio of ship speed.

=1/2 (le + vI‘z) /v

= (Col. 13 + Col. 27) / (2 x Col. 29)
Tangential component of the water velocity
expressed as a ratio of ship speed.

= Col. 1k / Col. 29

Radial component of the water velocity
expressed as a ratlo of ship speed,

= Col. 28 / Col. 29

VZ/V is positive in the aft direction.

VT/V is positive in the counterclockwise direction.

vR/v 1s positive toward the shaft centerline.

r/R and 6 are the polar coordinates of the point in the TR plene at

vwrich the wake 1s measured.,

r is tke radial distance of the point from the

centariine of the propeller shaft; R is the design propeller radius. © is

th2 poeltlon angle measured from the top of the propeller disc in s counter-
clockwise direction.
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I. FORM OF CALIBRATION EQUATION
2 3 4
Y = A + AKX + A3X + AgX + AgX
II. CALIBRATION CURVE LABELS FOR THE HORIZONTAL/TANGENTIAL PLANE

Curve Number X Y

1 Tp . Ty B o
T-T,- 1

2C - Tq = 15
C-Ty-Ty

ITI. CALIBRATION CURVE LABELS FOR THE VERTICAL/RADIAL PLANE

Curve Number X Y
5 Ro - ™ o

2C - R2 - R.l

7 Ry - Ry g
- R - R,

8 B 2 s
V2

9

- 4
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DTNSRDC (SSUES THREE TYPES OF REPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH-
NICAL VALUE. THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT.

2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM-
INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGN{IFICANCE.
THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IDENTIFICATION.

3. TECHNICAL MEMORANDA, AN INFORMAL SERIES, CONTAIN TECHNICAL DOCUMENTATION
OF LIMITED USE AND INTEREST. THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN-
TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION OUTSIDE DTNSRDC
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY-CASE

BASIS.
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