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When Government drawings , specif i cations , or other da ta are used f or any purpose
other tha n in connection with a def initel y related Government procurement operation ,
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any way supplied the said drawings, specifications, or other data, is not to be
regarded by implication or otherwise as in any manner licensing the holder or any
other person or corporation, or conveying any rights or permission to manufacture,
use, or sell any patented invention tha t may in any way be related thereto.

This report contains the results of an investigation undertaken to devel op

the so-called “boundary layer fence ” technique for obtaining the wall shear

stress. The research was conducted at a Mach number of three for near adiabatic

wall conditions. The work was performed in the Aeromechanics Divisio r~ of the

Air Force Flight Dynamics Laboratory, Wright-Patterson Air Force Base , Ohio ,

under Project 2307, Task 230704, Work Unit 23070424. The research was performed

by Dr. Anthony W. Fiore of AFFDL/FXE and Mr. Norman E. Scaggs of AFFDL/FXG

during the period October 1977 to Apri l 1978.

This report has been reviewed by the Information Office ,(ASD/OIP) and is

releasable to the National Technical Information Service (NTIS). At NTIS , it

will be available to the general public , including foreign nationals.

Requests for this report should be directed to: U.S.Dept~ of Commerce ,

Nati onal Technical Information Service , Washington , D.C. 20230.

This technical report has been reviewed and approved for ublication .

Dr. Anthonyjd. Fi e orman E. Scaggs
Aeromechanics Division/ .AFFDL Aeromechanics Division/AFFDL
Senior Research Scientist Aerospace Engineer

As stant for Research & Technology
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FOREWORD

This report was prepared by Dr. Anthony W. Fiore and Mr. Norman E.
Scaggs of the Aeromechanics Division of the Air Force Flight Dynamics
Laboratory, Air Force Systems Command. The research was conducted under
work unit number 23070424 entitled , 1tViscous and Interacting Flow Fields
about Flight Vehicles .u This particular effort concerns itself wi th a
boundary l ayer fence technique for measuri ng the surface shear stress
from which the skin friction coefficient can be obtained . The experiments
were performed between October 1977 and April 1978. They were carried out
at a nominal Mach number of three and in the range of momentum thickness
Reynolds numbers 2 x lO~ < R < 54 x lO~.e8
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F3 = Twg~
d2/4P*V*2 = Preston shear stress parameter

F~ = ~P~.d2/4p*v*2 = Preston pressure parameter

F5 = Tw9~
h2/4p*V*2 = Fence shear stress parameter

F6 = ~Pf h2/4p*v*2 = Fence pressure parameter

F7 = ~Pp~h2 /4p *v*2 = Coupling parameter

h = Fence height in ft.
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P0 = Tunnel stagnation pressure in psia

= Preston tube total pressure in psia

P = Static pressure in psia

= 
~~

- P~JM~ = Compressible Preston tube dynamic pressure in psia

= Ppt-Pw = Incompressible Preston tube dynami c pressure in psia

~Pf = 

~f~~b = Fence p ressure difference in psia
q = ~pM2 = Dynamic p ressure i n ps i a
Re = PeUee/Ue = Momentum thickness Reynolds number

= Incompressible momentum thickness Reynolds number given by eq.(21)

Re* = p*Ued/u* = Preston tube Reynolds number
Re* = p *UehI~* = Fence Reynolds number

= Tunnel stagnation temperature in °R

T = Static teniperature in °R
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SECT ION I

INTRODU CTION

In most aeronautical applicati ons a knowledge of the total drag
created when an aircraft moves through the atmosphere is essential to the

understanding of the performance of such a vehicle. Because of recent
energy shortages , this knowledge is becoming increasingly important.
Considerable effort has been devoted to the measurement of the surface

shear stress in the hope that the total drag of these vehicles can be
decreased by reducing the skin friction drag. Eventually it is hoped

that the skin friction drag can be controlled in order to either conserve

fuel for a given flight condition or increase the flight range for a given

fuel load.

Pri or to con duct i ng research on var i ous methods for decreas i ng the
skin friction drag, it is necessary to develop the instrumentation and

testing techniques required for making these measurements. The purpose
of this report is to describe a method referred to as the boundary l ayer

fence technique for obtaining the wall shear stress. In all probability

the boundary l ayer fence for measuring the wall shear stress was first
introduced by Konstantinov and Dragnysh ’° in 1955. The same technique

was emp loyed by Va gt and Fernholz ’’ to measure the three-dimensional
surface shear stress in an incompressible flow field. Like the PrestGn

tube ,1 the fence can be used to obtain the shear stress in a non-separated

compressible two-dimensional turbulent boundary l ayer.5 However , its
greatest advantage is its use in a three-dimension al flow field in the

presence of both strong pressure gradients and separation. 5’1’ In this

experiment the fence was calibrated in a two-dimensional flow field based

on the assumption that the resultant surface shear stress vector in a

three-dimensional boundary layer is related to the skewed velocity profile

in a similar manner as the two-dimensional surface shear stress vector is

related to its two—dimensional velocity profile. The results of this

experiment indicate that this technique is a valid method for measuring
the local wall shear stress in a compressible two-dimensional turbulent

boundary layer.

_ _  _ _  . J
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SECTION II

EXPERIMENTAL APPARAT US

1 . The Wind Tunnel

The facility used in the experiment was the Air Force Flight Dynamics

Laboratory ’s Mach 3 high Reynolds number wind tunnel . It is a blowdown wind

tunnel w ith an 8.2 x 8 i nch close d test sect ion whose upper and lower wa l ls

are contoured. It operates at stagnation pressures of 50 to 600 psia. Since

the facility does not possess a stagnation temperature control system, the

stagnation temperature is slightly below ambient temperature resulting from

the Joule-Thompson effect. At these conditions the facility is capable of

operation in the range of freestream unit Reynolds number extending from

to approximately 10
8 
per foot. It is designed to run continuously for a

maximum period of 10 minu tes. Runs during this investigation averaged about

30 seconds . Further details on operating procedures and calibration of this

wind tunnel are available in Reference 2.

2. Ins trumentat i on

a . Surface Shear Stress Balance

The surface shear stress was measured directly wi th a floating—e lement

balance shown in Fig. 1. It was manufactured by the Kistler Instrumentation

Company . It is a self sealed unit wi th a flat surface permi tting flush mount-

ing in the tunnel wall. The floating element is 0.37 inches in diameter and

has a peripheral gap of 0.003 inches. The balance is sel f-nu llinq to the

center positi on and is statically balanced about all three axes.

During testing , the electr ical components were at ambient pressure and

temperature . Prior to installati on in the tunnel the balance was calibrated

2
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by apply ing known weights . Before and after each run the calibration was

constantl y checked with a self-calibration coil contained within the balance

hous ing. The read-out and electronic calibration control is shown in Fig. 1.

Pr imary concern was the des truct ion of the balance when ex posed to

tunnel starting and stopping loads. In order to avoid catastrophic failure

the balance retraction system descri bed in Reference 3 was employed.

b. Preston tubes

Two Preston tubes and thei r relate d wall stat i c pressure and temperature

instrumentat ion were used to provide a second method for measuring the wall

shear stress (see Fig. 2).

These Preston tubes consisted of cylindrical pitot pressure tubes placed

tangential to the surface. They were constructed from #304 annealed stainless

steel tubing with an outside diameter of 0.062 inches and an inside diameter

of 0.0472 inches. The streamwise lengths of these pitot tubes were 0.125 inches.

In this investigation a new form of the Keener and Hopkins Preston tube equation 1
~

was use d in arr i v i ng at the sur face shear stress . T hi s rela ti ons hip w i ll be

described in detail in a l ater secti on ,

c . Boundary Layer Fence

The des ig n of the boundary layer fence i s relat ively s imple and i s shown

in both Fig. 2 and Fig. 3. It has been determined that the best fence

configuration should have square corners .5 This feature was incoroorated in the

design used in this investigation . The fence had a span of 0.2 inches while its

height and width was 0.01 inches . On either side of the fence there is a

pressure port , in the form of a slot , used to measure the lateral pressures when

L 

the fence is aligned with the flow field velocity vector.

3
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These same ports gi ve the p ressure di fferen ti al , 
~~~~~~~ 

when the fence

is rotated ninety degrees to the local velocity vector at the wall. The

fo rmer gives the direction of the surface shear stress vector wh ile the latter

i s related to the magni tude of the surface shear stress vector . These pressure

slots are shown in Fig. 3, They are the same length and width as the fence.

The p ressures sensed by these slots are transm i tted to the proper recor di ng

instrumen tat i on through isolated chambers on both s ides of the fence . The

fence and the main body are fabricated as a unit thus insuring a high degree

of fence structural integri ty. As shown in Fig . 2 th i s unit i s p lace d in the

base of the test p late and attached to a shaft wh i ch i s connec ted to an

external dr i ve motor used to rotate the fence. The p rev i ousl y ment ioned

Preston tubes , the two wall stat i c pressure or ifi ces , and the two wall temper-

ature thermocouples are also shown in Fig. 2. The Preston tubes were placed

sufficiently far apart so no aerodynami c interference would occur between them

and the fence.

The fence operat ional proce dure i s rela ti vely s imp le. It i s remotely

rotated until the pressure differential between the two orifi ces becomes zero.

At this position the angle is taken as the direction of the local velocity

vector which is assumed to correspond to the loca l surface shear stress vector.

The fence i s rotated ni nety deg rees to thi s pos i t i on and the two p ressur es ,

i.e., forward and af t of the fence are recor ded . The corres pondi ng p ressure

difference 
~~~~~~~ 

is then related to the surface shear stress measure d wi th

the balance at the same station and under the same tunnel test conditions ,

4
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SECTION III

TEST PROCEDURE

The experiment was conducted i n two phases . The surface shear stress

measurements wit h the balance were made dur i ng the fi rst ph ase , wh i le the

Preston tubes and boundary layer fence measurements were obtai ned dur i ng the

second phase of the experi ment. These measuremen ts were made on the upper

wall of the M= 3 high Reynolds number wind tunnel. The reason for testing

on the upper surface rather than the tunnel sid e wall was to avo id the

boun dary layer di storti on wh i ch occurs on the sid e walls resul ti ng from

lateral pressure gradie nts. All measurements were made at a nom i nal Mach

number of three . The Reynolds number was varied by two methods: (1) by

testi ng at eig ht di fferent lon gi tudi nal stations as shown i n Fig. 4, and

(2) by changing the stagnation pressure at each tunnel l ocation. This

program provided a certai n amount of i ntenti onal redun dancy cons idered to

be necessary because of the difficulty in making accurate surface shear

stress measurements with the balance. The combination of test stagnation

condi ti ons an d wall loca ti ons alon g wit h the detai led measurements are

presented in Table I.

Dur i ng these tests the stagnat i on temperature was sl ig htly below the

ambient temperature . Under these conditions the unit Reynolds number varied

from lO~ to 108 oer foot corresponding to a momentum thickness Reynolds

number range of 2 x lO~ to approximately 54 x lO~.

All the data presented i s for a wall temperature near the adi abati c

temperature and a near zero pressure gradient.

5
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SECTION IV

DATA REDUCTION

A bri ef descrip ti on of the data reduct ion procedure wi ll be presented i n

thi s secti on. The surface shear stress measuremen ts obtai ned wit h the

floating-element balance were converted to skin friction coefficients by

dividing by the dynami c pressure at the edge of the boundary l ayer , namely:

(Cf)g = Twg/½p eUe
2 (1)

The correspond i ng momentum thi ckness Reynol ds number was calculated from the

empiri cal relationship obtained by Fiore,3 i.e.,

Re0 
= 4.513 x 10

~~
Mel’”8Re~~

9149 (2)

The data used to arrive at eq.(2) was from boundary l ayer profile measurements

made at the same test conditions and location on the tunnel wal l as the

present investigation.

The Preston tubes were then cal ib rated for the data and test condi ti ons

of this particular experiment. As in the case of Keener and Hopkins~ i t was

assumed that the Preston tube cal ib ration is of the form

fTwg d2\ f~~P~~.d2
\

log t\ 4p *v *2 ) A 0 lo~~~4~~~ 2) 
+ B0 (3)

where the reference density , p~~, was calcula ted from
Pw~* l44~~ .~- (4)

In eq. (4) it is assumed that the static pressure through the boundary layer

is constant and equal to the wall pressure .

6 
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The reference temperature in eq. (4) was calculated from the Sommer and Short

expression 6 given as

T* = Te(O.55 + 0.035 Me
2 + 0.45 (5)

e

The reference kinematic viscosity was calculated from the definition

\)* =  i~ . (6)
p*

where Keye’s equation for the viscosity was used , namely:

= 2.32 x 108 ~ */[1 + 

T*(109/T j  (7)

In eq.(3) the va l ue of ~~ was taken as suggested by Hopkins and Keener7

rather than the difference between the Preston tube total pressure and the

wall static pressure. The purpose for this choice is based on the work of

Hopkins and Keener who found that eq.(3) results in a calibration curve for

the compressible turbulent boundary l ayer which would coincide with Preston ’s

equation for the incompressible case1 of the form

I Tw~~d~ \ f~P’d2 \
log 

~ 4pv~ ) 

= 0.875 log 
~ 4~ v 2 

) 

- 1.396 (8)

where ~~ = -

The constants A 0 and B0 in eq.(3) are determined by the least squares

fit of the data.

The generalized form of the skin friction coefficient is obtained from

eq.(3). This relationship can be shown to be

(M~
\
~ 2A0

\Me)
(Cf)~ = 8~’ 

-A0 ) 
. 10B0 I?Pe \ 1 

(1-An ) (9)

L
~~~~~~

) x  
Re~2j

7
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where the Preston Mach number , ~~ provided the flow is suDersonic , is obtained

from iteration of the Rayleigh pitot formula written as

~~~ ~ ~ \7/2 / 1 \5/2

~ 
~5 M~~,j (1 M 2 1 1  (10)

6 P 6

for y =l .4 .

A similar method must be considered in arriving at an expression for the

skin fri ction coefficient for the boundary layer fence technique. In this

investigati on it was assumed that the Preston tube diameter , d , in eq.(3)

can be replaced with the fence height , h , lead ing to a fence calibration

equat ion wr i tten as

(Twg
•h2

\ ftlPf h2\
log 

~~4~~*~ *2) 
C0 log 

~~4~,*~~*2)  
oo (11)

where ~Pf = Pf - 

~b and the constants C0 and D
~ 

are different than the Preston
tube calibration constants . In order to show that these constants must be

different , eq.(3) can be re-written as

/Tw9~
h2 \ f~ Pp h2\ 2

log~~~~~~~)= A0 lo~~~~~~~ )+ (A0-1)log (~ -) + B0 (12)

assum ing that

/~ P .h2 \
log
(~ 

P 
) =  E0 lo~( 

) +  F0 (134p*v*Z/  4p *v*2/

then eq.(12) becomes

lo9
(~~~~~:)= A 0 E0 log ( - : ~ ) + E~ 

F0 + (A0 -1) log (d)
Z 

+ B~ (14)

8
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In order for eq.(11) and eq.(14) to be i dentical , the follow i ng must be true

C0 = A0 E0 (15)

and D0 = A 0 F0 + (A0 -1) log (4)
2 

+ B0 = f2(~ ) (16)

From eq.(16) it is noted that the intercept of eq.(11) is a function of the

rat io d/h, which is a fictitious parameter , however it does serve to indicate

that the cal ibration constants in eq.(11) are different than those in eq.(3)

and must be evaluated separately.

The skin fri ction coefficient equation for the boundary layer fence is

obtained from eq.(11) as (
~Y°

(Cf)f = 8(1—c 0) . i000 
(1—C 0) (17)

~~~4) 
Re~

2

J

The experimental measurements were compared with the Van Driest II skin

frict i on theory8 wri tten in the form -

[sin ’ ( 
2A2 - B\ + ~~~~ (— __

B 2

L VB~ + 4A2 / 
~V
’B2 + 4A2)J(Cf)V.D. = 

r 
(
~~~~~~) 

Me
2 
[17.08 (log ~e0

)2 + 25.11 (log 
~e0~ 

+ 6.0121 
(18)

where

A = Me~Jr (xi i) 
~~~~

. 

(19)

B = A2+~~~~ 1 (20)

9
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and

1+  220 —

= 
..,

~ 
Tw (10

9/TW)
e0 V Tw 1 + 22

~/Te
i 

X Re (21)

1
~e (10 

)
The data reduced by the method outlined above are presented in Table II.

10
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SECTION V

TEST RESULTS

1. Balance Measurements

In Fig.5 the skin friction coefficient obtained with the floating-element

balance in the Reynolds number range 2 X 10~ ~ Re0 ~ 54 x 10~ is compared with

that calculated from the Van Driest theory .8 Over the complete range of

momentum th ickness Reynol ds num ber the measure d sk i n fr i cti on coeffi c i en ts

are within ±10% of the Van Driest II theory . This agreement between the

measurements and theory i s cons idered to be reasona bly good . Hav i ng

es tabli shed the val idi ty of these measurements , t hey now can be use d to

evaluate the sk in frict i on coef fic ients obta i ned w i th the boundary layer

fence techn iq ue .

2. Preston tube

The Preston tube method was introduced as a second method for obtaining

the local sk i n fr i ct ion coe ff i c ient . The intent was to use the Pres ton tube

results as a separate check on the measurements made with the floating-element

balance. In order to accom p lish this , it was fi rst necessar y to obta i n the

cal ibrations constants A0 and B0 given in eq.(3).

Figure 6 is a plot of the logarithm of the Preston shear stress parameter ,

Twg~d2/4p*\1*2, versus the logarithm of the Preston pressure parameter

~Pp~d2/4p*v*2. The result is a linear function similar to eq.(3). The values of

A0 and B0 were obtained by the least squares fit to the data and were found to

be 0.8677 and -1.3228 respectively. Comparison between the measurements and

eq.(3) with the proper constants is presented in Fig. 6. The agreement between

the two is excellent. Shown for informational purposes are the calibrations

11 

_
~~~~~ - —_~~~~~~~ -— - .-~~~~~~- - .——- -— ~~~ — - ~~~~~~~~~~~~~~~~~~~~~~~~



AFFDL -TR- 78—89

obtained by Keener and Hopkins~ as well as Yanta et al. 9 For small values of

the Preston pressure parameter , both appear to agree very well with the

present measurements and the new calibration. As the Preston pressure para-

meter i s increased the cal ibrat ion of Keener and Hopk ins is in excellent agree-

rnent with the present measurements while that of Yanta et -al . is somewhat lower

than the new measurements. When the new cal ibration constants are introduced

into eq. (9) , the Preston skin fr ict ion coef fic ient equat ion becomes

(~a) 
1.7355

(Cf)~ = 0.0626 - 
Me 

0 . 132 g  (9a)

Fig. 7 show s the skin friction coefficient calculated from eq.(9a) plotted

versus that obtained with a floating-element balance and Fig. 8 is a plot of

(C f)~ versus the skin friction coefficient calculated from eq.(18). In both

cases the Preston tube skin friction coefficients are within ±10% of both

the theory and those values obtained with the balance . The Preston tube skin

friction coefficient overpredicts the theory at low momentum thickness Reynolds

numbers while it underpredicts the theory at higher Reynolds numbers . In both

Figs. 7 and 8 the agreement is considered to be within acceptable limits .

3. Boundary Layer Fence

The results of this test ind icate that the fence technique is a useful tool

for measuring the surface shear stress in a compressible turbulent boundary

layer.

12 
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As p rev i ously ment i oned , it is assumed that the fence calibrations should be

similar in form to the Preston tube calibration provided the Preston tube

outs i de di ameter i s replaced w i th the fence he ight . T hi s lea ds to t he fence

calibration equation given by eq.(11). Fig. 9 is a plot of the logarithm of

the fence shear stress parame ter , Twg~h2/4P*v*2~ versus the logarithm of

fence p ressure parameter , ~Pf.h2/4p *v*2. Also shown in Fig. 9 is eq.(11)

where the cal ib ra ti on cons tan ts C0 and D0 are 0.9039 and -1.6404 respectively.

The agreement between the measurements and eq.(11) is excellent , indicating that

eq.(11) with these constants should result in a good expression for the skin

friction coefficient as a function of the fence pressure differential , the edge

dynam i c pressure , the density ratio (pe/p *), an d the fence Reynol ds num ber

(Re~). This expression is obtained by introducing the above values for C0

and D~ into eq.(17), namel y.

0.9039

(Cf)f = 0.028 II~
) Re~ 2] 

0.0 962 (l7a)

The skin fri ction coefficient calculated from eq.(17a) is compared with

those measured with a balance in Fig. 10 and with the Van Driest II theory in

Fig.11. In both cases eq.(17a) gives values which are within ± 10% of both the

measurements made w it h the balance and those calcula ted from the theory. Th i s

agreement is considered to be very good since eq.(17a) is being compared with

balance measurements which are no more accurate than ± 10% when compared wi th

theory.

13—
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4. Comparison of Techniques

Fig . 12 i s a p lot of the skin fr ict ion coeff i c ient versus the momentum

thickness Reynolds number and sumarizes the results of this investigation.

It contains the skin friction coefficient measurements made directly with

the balance , those obtained with the Preston tube , and those taken w i th the

boundary l ayer fence . Superimposed on Fig. 12 is the Van Driest II theory.

The agreement in the skin friction coefficients obtained by the various

methods as well as the agreement w i th theory i s cons idere d to be acce pta b le .

14
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SECTION VI

CONCLU SIONS

An experiment was performed for the purpose of developing the boundary

l ayer fence technique used to measure the surface shear stress in a compres-

s ib le turbulent boundary layer. Measurements were made at a nom in al Mach

num ber of three for momentum th i ckness Reynol ds num ber s ex ten ding from

2 x lO~ to approximately 54 x 10
k
. The results for a near adiabatic wall

and zero pressure gradient condition are as follows :

(1) The boundary layer fence is a valid techni que for measurino the

wall shear stress in a compressible turbulent boundary l ayer.

(2) The fence calibration equation is a linear logarithmic function

similar in form to the Preston tube calibration equation provided the Preston

tube outside diameter is replaced with the fence height.

(3) The skin friction coefficients obtained with the fence agree

reasonably well with those obtained with a balance . For momentum thickness

Reynol ds numbers less than 15 x l0~ those obtained with the fence were about

10% higher than the Preston tube values and they were in good agreement with

the Van Driest II theory. At momentum thickness Reynolds numbers qreater

than 15 x lO~ the fence measurements were 5% to 10% hiqher than either those

obtained with a balance or those calculated from the theory . Since the expres-

sions for the Preston tube and fence skin friction coefficients are dependent

on the shear stress measured with the balance , the accurac y of these two methods

are similar to the accuracy of the balance measurements which is ± 10% with

reference to the Van Driest II theory .
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T A S L E  1

R E C O R D E D  M E 6 S U Q .LME.NT S

T E S T  S T A .  x P 1 p i p p P
NJ . NO. 0 0 4 4 P F B

0 1
INC H ES PSIA DEl P PS IA DIG P PIll PS IA PSIA LBS/FT’’Z

1 1. 2 1.26 75 .23 ‘.12.82 2 .130 457.909 8.025 3.61 1.18 2.5.91
2 1 27.28 79.08 471.99 2.195 481.460 8.520 3.83 1 .22 2.4577
3 1 27.28 93 .18 470 .80 2.550 468.995 10.265 4.59 1.39 2.7621
4 1 27 .26 101.81 477.90 2 .785 .61.965 11.480 5.06 1.49 3.1231
5 1 27.26 112.38 477.15 3 .060 456.085 12.87 0 5.64 1.62 3.4889
6 1 2 7.28 124.86 476.68 3 .373 449.469 14.48 0 6.30 1.16 3.7876
7 1 27.28 130.68 474.41 3 .510 443.845 15 .115 6.61 1.83 3.980’.
8 1 27 .28 141.54 ‘.69.20 4.005 445.525 17.310 7.5. 2.09 4.5’.’.9
9 1 2 7.28 86.34 466.94 2 .360 441 .565 9.610 4.31 1.30 2 .6397

10 1 2 7 .2 8  115. 20 4 6 6 . 0 5  3 .115 4 3 6 . 1 2 0  13 .25 5  5 . 8 7  1.66 3 .6056
11 1 2 7 . 2 8  85 .13  4 64 . 5 2  2 . 3 3 5  43 3 .110  9 . 5 9 5  4 .27  1 . 3 0  2.661 2
12 1 27.28 151 .86 463.87 4.059 425.575 17.950 7.83 2.06 ‘..6505
13 2 4 4 . 6 8  161.16 4 1 4 . 3 0  9 . 64 0  4 7 3 . 6 0 0  1 8 . 6 5 0  9.12 2 . 8 ’ . 4 . 9 6 6 3
14 2 ‘.‘..68 225 .59 466.68 7.840 436.130 27.36 0 13.06 3.19 6.3429
1.5 2 44.68 234.90 459.76 8.110 420.200 28.480 13.60 3.94 6.6564
16 2 44.66 240.12 456.15 8.370 412.430 29.450 13.9? 4.01 7.7 992
17 2 4 4.68 242.04 464.41 8.415 453.135 29.605 13.66 3.90 7.1.88
18 2 44.68 266.16 458.12 9.340 422 .165 33.115 15 .23 4.22 7.86’.3
19 2 44.68 286.26 447.45 10.050 396.535 35.865 16.41 4.40 8.3848
20 2 ‘ . 4 . 68  306 .4 1  441.31  10 .760  3 8 1 . 27 5  3 8 .9 8 0  1 7 . 7 8  .. 72  8 . 9 8 8 9
21 2 ‘ . 4.68  3 2 4 . 7 7  4 3 1 .75  11.415 3 7 2 . 1 3 0  4 1. 325  18 .98 4. 98 9. ’. .3 3
22 2 * . . 68  34 4 . 5 8  4 7 6 . 5 8  1 1 . 7 5 0  4 4 8 . 3 8 0  4 2 . 7 4 0  19 .58  5 . 0 2  3.9~~~1
23 2 ‘.4.68 365.16 458.91 12 .480 421.030 46.020 20.90 ..37 1 0 . 72 . 3
2’. 2 ‘.4.68 393 .21 441.05 13 .140 404.970 48.87 0 22.14 5.62 11.0,63
25 2 44.68 421.68 452 .56 14.490 368 .810 54 .120 24 .70 6.19 12. 73’.’.
26 2 44.48 16-..27 446.11 5 .680 391 .160 19.530 9.’.O 2.73 5.2650
27 2 44.68 217.38 446.90 7 .700 388.860 26.40 0 12.53 3.46 6.1627
28 2 4 4 . 68  226 .66 476.24 7.940 474.440 27.22 0 12.86 3.46 b .5’.95
29 2 ‘.‘..68 237.6’. 474.23 8.290 ‘.50.220 28 .715 13.53 3.76 7 .3617
1 2 ‘ . - . .68  2 3 4 . 8 1  470.84 8.385 437 .235 26.310 13.73 3.77 7 .1157

i i .  2 .‘..68 263.40 458 .84 9.205 ‘.26.910 32.365 15.13 4.12 7.4090
32 2 44.68 264.34 ‘.61.52 9.960 415 .380 35.150 16.47 4.4C 8.4798
33 2 ‘.4.68 301 .60 457.35 10 .575 406.775 37 .725 17.52 4.62 9.0 376
3.  2 . 4 .68  3 2 2 . 0 2  4 5 2 . 7 0  11.275  3 9 5 . 4 6 5  4 0 . 4 3 5  18 .85 4.89 9.581’.
35 2 4 4 . 6 8  3 4 4 . 0 4  4 8 9 . 4 2  1 1 . 50 0  4 7 2 . 9 2 5  • ‘ .‘ .7 0  1 9 . 5 8  5 . 0 8  10.248 7
36 2 ‘.4.68 398 .66 482 .08 12. 015 447 .’.SO 45.010 26 .59 s.29 10.6022
37 2 - . * . 6 8  3 7 9 . 2 4  4 7 3 . 0 4  12 . 7 3 0  ‘ .27 .115 ‘ .7 . 6 5 0 2 1 . 9 4  5. ~ 3 11. 2 0 5 8
38 3 90.68 65.8~ 418.30 2.140 508.960 6.32 0 3.26 1.20 2.9197
99 3 5 9 . 6 8  7 3 . 1 3  41 7 .83  2 .3 6 5  4 93 .9 15  7 . 1 5 0  3.66 1.29  2 .31. 2 1.
..0 3 59 .68 54.18 483 .95 2 .710 483 .800 8.365 6.7’. 1.44 2.71 ,55
.1 3 09.68 91.38 482.’.’. 2.930 475.790 9.1.5 0 4.66 1 . 5 3  2 . 9 3 4 3

*2 3 5 9 . 6 8  6 3 . 1 8  4 7 6 . 2 3  2 . 0 5 5  4 7 3 . 2 8 0  6 .15 0 3 . 13  1.13 1 . 5 3 8 2
.1 3 5 9 . 6 8  6 6 . 5 8  4 1 5 . 7 7  2 .22 5  4 7 0 .  213 0 6.715 3.’ .’. 1.21 2.2166
.4 3 99.68 77 .6 3  414.91 2 .500 464.430 7.685 3.93 1.34 2 .4800
.5 3 55.68 79.38 474 .23 2 .550 461.125 7.890 4.03 1.36 2.6’.’..
46 3 5 9 . 6 8  9 0 . 3 0  4 7 3 . 7 6  2 .6 9 5  4 5 7 . 1 6 0  9 . 1 0 5  4 . 6 3  1 .51  2 . 8~~36
47 3 59 . 68  60 . 54  472 .66  1.415 456 .7 80  5 .57 0 3 . 0 2  1 . 05  2 . 1 07 3
-+~~ 3 59.68 71.63 4 7 2 . 2 8  2 .3 10 4 54 .9 7 5  7 . 07 0  3 .62  1.2. 2 . 3 3 2 4
‘.9 3 5 9 . 6 8  8 0 . 7 6  4 11.49 2 . 59 5  4 5 2 . 4 2 0  8 .10 0 4 .12 0 . 3 8  2 . 7 3 7 7
50 3 54.68 102 . 72 471.20 3 .279 4.7.270 10.525 5.32 1.67 3 .3988 -

L 

30

_

~

: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~~-— --- ~~~~~
. 

:~T I T h~ ~~~~~~~~~~~~~ - -‘* - - - - - - , . ‘
~

-
~~~~~~~~~~~~~

F DL - TO-

TA B LE I (CONT. )

RECORDED MEASUREMENTS

TESI STA .  x P T P 7 P P P IA U
NO. NO. 0 0 8 8 P 7 8

INCHES PSIA DEG R °SZA 061 R P11* P518 P50 8 L8S/FT~~~2

51 3 59.68 111.90 470.77 3.565 442.965 11.535 5.84 1.60 2.092s
52 3 59.68 124.60 470.20 3.970 439.670 1.3 .015 6.5. 1.91 *.1021
53 3 59.68 61.23 467.96 2.620 438.835 6.190 4.17 1.38 2.6931.
54 1 59.68 101.58 468.94 3.245 435.950 10.400 5.28 1.65 3.*021
55 4 71.68 306.41 481.32 9.815 440.615 35.27 0 16.78 4. .6 7.2926
56 4 71.68 321.12 477.80 10.280 427.090 37.35 0 17.59 4.5’ 8.5803
57 ‘, 71.68 323 .04 414.26 10.340 419.525 37.330 1.7.63 6.55 7.5192
58 4 71.68 31.3.13 469.35 10.980 410.915 39.995 18.97 4 .8 0  8 . 2 9 07
59 1~ 71.68 361.55 487.38 11.530 ‘.63.675 41.595 19.85 5.09 6.4298
60 4 71.68 383.31. 483.23 12.225 442.660 44.465 21.32 5.35 9.5968
61 1~ 71.65 398.22 474.76 1.2.656 427.210 46.165 22.32 5.51 11.2935
62 4 71.66 1.02.00 1.66.90 12.615 ~ 1Q .520 47.125 22 .62  5.56 10. 3699
63 ‘. 71.68 427.32 468.70 13.545 ‘.49.635 49.600 23 .10 6.02 10.954..
64 4 71.68 125.0 ’ . 458 .89  4.000 463.220 13.035 6.53 2.02 3.2649
65 1. 11.68 157.91 453 .29  5 . 0 5 5  ~55.9 10 16.865 6.35 2 .46  4 .3 4 3 3
66 4 71.68 236.94 454 .9 8  7 .565 4 3 1 .4 0 5  26. 1.85 12.84 3 . 48  6 . 34 4 5
67 4 11.68 2 9 7 . 30  453 .26  9 . 4 60  4 10 . 9 2 0  33.90 0 16.37 4 . 2 5  7 . 0 5 5 3
68 4 71.68 317.52 454 .87 10.150 395.190 36.65 0 17.52 4 .5 1  7.526 2
69 4 71.68 337 .38  4 5 9 . 4 0  10 .790  3 8 2 .23 0  39 .510 18 .72  •.7t~ 8.28,b
70 4 71 .68  357 .90  466.79 11.420 3 0 9 .0 0 5  4 2 . 0 9 5  2 0 .0 6  5 . 0 1  8 . 80 6 9
71 4 71.66 160.13 4 3 4 . 3 8  5 .160  3 7 0 .8 6 0  17.765 8.66 2 . 41  4 . 3 7 1 4
72 4 71.68 236 .73  474 .26  7.6 10 481.155 26 .395  12.13 3.55 6 .263 3
73 4 71.68 319.50 4 6 7 .85  10.160 4 4 8 . 0 3 0  36 .4 7 5  17.38 4 .5 6  8 .42 91
74~ I. 71.68 381.84 1.66.51 12.120 423 .140  1 . 4 . 49 0  21 .23  5 . 33  9 . 30 43
75 4 71.66 396 .48  462.18 12.595 4 0 2 . 0 0 0  46 .570  2 2 .2 2  5 .51  9 . 9 7 2 5
76 5 83.68 1.52 .1.5 455.74 5 .300 474 .535 16.11.5 6 .41 2 .66 4 .5445
77 5 83 .68  159.77 4 5 0 .4 8  5 .54 5  44 6 .595  17.23 0 8 .89 2.15 4 . 8 5 3 2
78 ~ 83.68 168.90 447 .64  5.855 433 .755 18 .415 9.44 2 . 8 8  5 .0916
79 5 8 3 .68  180.18 447 .45  6 . 24 0  4 20 .760  19.615 10.19 3 .0 2  5 .369 1
80 5 63 .66  1.89 .05 445.66 6 .545 412.405 20 .915 10.69 3 .15 5 .6 39e
81 5 83 .68  198.4 1 441.63 6 .860 398.155 22.110 11.32 3. 26 5 . 7 8 3 3
82 5 83 . 6 8  218.45 439 .88  7 . 5 3 0  388.26 5  24 .68 0 12.52 3.55 6 . 3 8 2 9
83 5 33 .68  79.38 4 3 8 . 0 5  2 . 7 8 5  4 2 0 .7 0 5  8.145 4 .33  1.50 2 . 5 5 5 2
84 5 83 .68  125.4 5 44 1.44  6 .345  4 0 7 . 0 6 5  13.42 0 7 .02  2.16 3 . 9 24 2
35 5 8 3 .6 8  132.7? 444 .84  4 .60 0  4 0 0 . 7 0 0  14 .385 7 .4 1  2 . 36  4 . 27 8 9
66 5 8 3 . 6 8  163.40 455 .26  4.975 4 8 3 . 8 6 0  1 5 . 0 8 0  7 .85  2. 5’. 4 .4 57 1
67 5 8 3 .6 8  153.54 44 7 . 5 3  5 . 3 2 0  456 .6 1 .0  16.345 8.49 2 .67 4.815 3
58 5 8 3 . 6 8  173.27 443 .88  5 .990  4 3 1 .98 0  18.67 0 9.68 2. 94 5 .360’ .
89 5 83 .68  180.41 439 .20  6 . 2 3 0  4 17 .830  19 .785  10.14 3 . 0 3  5 .4 35 3
90 5 83.68 191.40 4 3 5 . 3 2  6 .620 403.6 10 21. 350 10.82 3.18 5 .64 5 5
91 5 83 .68  20 0 . 5 2  432 .30  6 .930 392 .730  22 .560  1.1.41. 3. 30 5 .945 ’.
92 5 8 3 . 6 8  209.81  429 .34  7 . 24 0  382 .960  2 3 .8 0 0  11.96 3 .4 4  6 . 0 5 5 2
93 5 63 . 6 8  219.48 427 .07  7.565 375 .810  24 .92 0 1 .2 . 5 8  3 .56  6 .4963
94 5 83 .68  2 2 8 . 2 3  424 .27  7 .870  366.750 26 .145 13.09  3 .70  6 .749 7
95 5 53 .66  259.50 4 2 3 . 0 2  8.930 359.350 29.95 0 14.94 4 .16 7 . 7 4 3 0
96 6 95.68 6 6 . 0 5  460 .87  2.265 4 83 .630  6 .425  3 .38  1.28 1 . 9 8 72
97 6 95 .63  7 3 . 44  456 .84  2 . 5 0 0  669.790 7 . 2 3 0  3 .80  1.38 2 .1286
138 6 9 5 . 6 8  82.62 4 54 . 7 9  2 .795  4 5 9 . 78 0  8 .265  4 .3 1  1.53 2 . 6 0 3 5
99 0 95 .68  86.27 4 5 4 . 3 2  2.910 452.140 6.67 0 4 .52 1.58 2 .5361

100 6 95.68 93.59 454.50 3.145 445.510 9.595 4.96 1.68 2.9568
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TABL E I I C O N T . )

RECORDED MEASU RIME NTS

T EST S b .  x P 1 P 1 P P P TA U
NO. NO. 0 0 W 8 P 7 8 N

I I
INCH ES PSIA  DEC R PS IA DEC R PSIA PSEA P514 LBS /FT 2

101 6 9 5 . 68  10 6 .55  4 5 2 . 7 0  3 .565  4 3 6 . 8 0 0  1 1 . 0 0 5  5.68 1 .88  3 .3 57 5
102 7 1 0 7 . 6 8  1 0 8 . 36  4 5 6 . 8 0  6 .0 2 5  45 5 .160  11 .800  b.16 2 . 0 6  3 .2 0 0 9
193 7 107 .68  1 .2 2 . 94  453 .95  4 .5 45  4 3 5 . 5 2 0  1 3 . 5 0 0  7 .09  2. 30 3 .6 557
104 7 107.68  135 .72  649 .85  5 . 0 2 5  4 2 7 . 0 7 0  15.37 5 7 .77  2 .5 1  3 .9 2 . 3
105 7 107 .68  143.04 4 4 7 . 2 0  5 .290 ‘.14.360 16.230 8 .22  2 .62  4 .2418
106 7 10 7 . 6 8  151.91 4 4 5 . 5 5  5 .605  4 0 6 . 6 0 0  11.395 8.80 2 . 7 3  6 .4 7 8 3
107 7 107 .68  155.70 4 4 3 . 8 0  5 . 7 4 0  4 U 0 . 5 7 0  17 . 8 9 0  9 .03  2 .80  5 . 0 3 2 8  -
108 7 1 0 7 .6 8  163.26 6 42 .5 6  6 . 0 10  3 9 5 . 2 7 0  18.86 0 9 .46  2 .9 7  4.61313 2
109 7 10 7 .6 8  172 .50  4 4 0 . 8 8  6 .3 3 5  3 8 8 .75 0  19.93 0 10.18 3 . 0 5  5 . 0 3 7 7
110 7 101.68 181.62 449.60  6 .690 466.945 2 0 . 2 1 .0  10 .39  3 . 3 3  5 .7567
111. 7 107.68 193.02 442.34 7 .085 435.815 22.020 11.10 3.48 5.4.18
112 7 107.68 202 .02 431.67 7.’.lO ‘.18.360 23 .210 11.74 3.60 5.7190
113 7 137.68 211.08 433 .90 7.725 406.310 24.410 12.36 3.71 5.860’.
114 7 107.66 222 .30 429.27 8.130 391.760 25.935 13.14 3.8? 6.2026
115 7 107.68 231 .41 426.21 0.460 381 .830 27.120 13.73 4 . 0 1  6.3214
116 7 107.68 236.76 422 .10 8.655 370 .200 28.040 14.0? 4.06 7.3399
117 7 107.68 240.72 419.20 8.800 362.675 28.655 1 4.35 4.12 6.9160
118 7 107.68 262.91 411.99 9.590 354.725 31 .510 15.86 4.45 7.3422
119 7 107.68 282.54 415.52 10.290 347.430 34.345 16.95 4.76 7.7212
120 7 107.68 301 .26  44 2 . 04  10 . 92 0  4 3 8 . 1 .0 0  34. 98 5 17 .82 5 .2’  8 .1469
121 7 1 .0 7 .6 5  321.54 436 .03  11.630 4 06 .34 0  38 .160  1 .9 .23  5.57 8.5048
122 7 167.68 341.76 1.31.29 12.370 387.635 41.080 20.60 5.88 8.8’.40
123 7 107 .68  361.85 424 . ’8 13 .100 3 67 . 4 2 5  4. .11 0 21.99 6.15 9 .2717
124 7 1 0 7.6 8  381 .64  626 .2 .  13.815 3 5 2 .7 0 5  46 .995  23.16 6 .51  9 . 87 7 6
125 7 107 .68  3 98 . 4 5  42 0 .3 1  14 . 4 0 0  3 39 . 2 3 0  4 9 .4 4 5  2 4 .4 7  6 . 7 2  11.4013
126 7 1 07 . 6 8  4 2 2 . 0 9  4 6 9 .4 2  15.180  4 4 0 .0 6 0  5 0 .2 5 0 25 .58  7. 15 11.4804
327 7 10 7 . 6 8  4 4 0 . 5 8  4 4 7 . 0 1  15 .855 ‘ .04 .565  54. 25 0 2 6 .8 5  7 . 3 3  11.8916
128 7 107 .68  458 .76  4 4 7 .7 2  1.6.545 386.690 5 7 . 08 5  27 .86  7 .63  1 .2 .3 6 1 .3
129 7 107 .68  478 .91  433 .01  17 .295 3 67 . 0 8 5  59 .85 5 29 .20  7 . 9 0  12 .8283
130 7 1 0 7 .6 8  498 .66  43 7 . ’ .8  18.015 3 6 8 . 42 5  63.185 3 0 . 5 9  8.16 13.3412
131 7 1 .0 7 .6 8  520.1’ . 4 5 3 . 88  18 .660  4 23 .920  64 .54 0 31.13 8 .80  13 .7605
132 7 107.68 549.90 443.50 19.885 361.465 6 9 .6 3 5  3 3 . 1 2  9.12 15 .3302
133 8 119.68 82 .62  449 .38  3 . 100  45 2 .3 5 5  8 .4 1 5 4 .64  1.73 2 .5976
134 8 119.68 91.13 4 5 3 . 0 0  3 . 4 10  431 .585  9 . 5 3 0  5.16 1.86 2 .81 00
135 8 1.19 .68 102,72  4 5 0 . 9 1  3 .175 427 .  660 10.67 0 5 .80  2 .01  i. 1325
136 8 119.68 113.10 459 .66  4 . 150  4 1 7 .8 3 0  11.945 6.41 2.16 3 .3 3 2 3
137 8 119.68 124 .73  651.50 4 .515  4 0 9 . 0 3 0  13 .220  7 . 0 8  2 .3 0  3 .6 8 87
133 8 119.68 135.59 4 6 2 . 0 3  4 .8 8 5  40 1 . 5 7 0  14 .57 0 7.67 2 .48  4 .0 7 2 9
1.39 8 11.9.68 144.12 451.02 5.170 395.605 15.600 8.18 2.56 6-2b 37
140 8 119.68 155 .70 4 5 3 .4 4  5 . 6 0 0  4 0 1 . 3 0 5  17 .050  8 .72 2 .81  4 . 5 0 3 0
11.1 3 119.68 161.34 4 5 3 . 3 7  5 . 7 8 5  34 0 .3 6 5  17 .775  9.06 2 . 8 9  5 .03 12
142 8 119.68 163.26 44 8 . 8 ?  5 . 8 5 5  3 84 .0 2 5  1 8 .04 0  9.17 2 .92  4 .7568
163 8 119.68 172.44 449 .56  6 .190  3 7 8 .7 1 0  19.210 9.15 3 .05  5 .0585
144 6 119.66 183.36 4 4 0 . 7 0  6 . 5 55  372 .655  2 0 .4 2 5  10.41 .3.16 5 . 3 29 1
145 8 119.68 192.23 4 4 8 .3 1  6 .860  3 6 6 .0 0 5  21.525 10 .93  3. 29 5 .58 69
146 8 119.68 2 0 3 . 5 2  454 .17 7 . 25 0  363 .530 22.54 0 11.54 3 .46  5 .628 3
147 8 119.68 212.76 453 .26  7 .570  3 5 9 .2 0 0  2 4 . 0 7 0  12.12 3.59 6.1335
146 8 119.68 2 2 0 . 0 2  44 7 . 2 3  7 . 8 2 0  3 5 5 .0 9 0  26 .865  12.55 3.71 6 .3452
149 8 119.68 231.12 44 8 .46  8 .195 3 5 0 .6 6 0  26 .425  13.21 3 .87 6.5519
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TABLE II

C A L C U L A T E D  RESULTS

TEST ~E OZLIL2F R~~Q_ E R 0 0  • • LOG 73 LOG F’. LOG 75
NO. lIE fOE RIIO 10 •• —4 10 ‘ —4

1 .5 34 9  .1843 2 .1715 1 .658 0 .2674 5 . 0 0 0 7  7 . 32 9 4  3.6159
2 .5419 .1904 2 .1404  1.7800 .2871 5 . 0 2 3 3  7 .396 1 3 .4385
3 .5524  .1997 2.1174 2.13413 .3443 5.1594 7.5660 3 .5740
4 .5594 . 203 9  2 .0 6 0 6  2.3610 . 3808 5 . 2 54 3  7.6567 3 .6695
5 .5553  .2085 2 . 0 6 9 3  2 .6334 .4247 5 . 3 5 3 1  7 .7584  3 .7 6 6 3
6 .5712 .2130 2 .0 5 7 3  2.9512 .4760 5 .4416  7 .8638  3 .8568
7 .5713 .2149 2 .0 5 0 3  3 .1225 .5036  5 .’ .920  7.9115 3 .9 0 72
8 . 5 7 38  .2173 2 .0629 3.5526 .5730 5 .6091 6 . 0 3 01  4 . 0 2 4 3
9 . 5 5 5 3  . 2028  2 . 0 5 4 5  2.1141 .3410 5.1516 7 . 54 9 0  3 .5668

10 .5682  .2139 2 . 0 4 7 3  2 .834 5  .4572 5.4116 7 .822 1  3 .8 3 28
11 .5578  .2019 2 .0 3 9 4  2.1401 .34 52 5.1665 7 . 5 6 0 3  3 .58 17
12 .5796 .2232 2 . 0 3 0 1  3 .8018  .6132 5.4176 7 .8458  3 . 8 3 28
13 .51.93 .1981. 2 . 0 0 2 0  4.1.60? .7195 5 . 7 33 1  6 .1260  4 . 1659
14 .5354 .2097 1.9301 6.8099 1.0984 6.0412 8.5063 4.4624
15 . 53 93  .2097 1.9056 7.4121 1.1955 6.1183 6 .5 8 0 5  4 .5335
16 . 5 3 8 3  .2110 1.8943 1.7626 1.2520 6 .2 0 9 1  8 .6165 4 .6 24 3
17 .5359  .2049  1.9751 7 . 06 83  1.1400 6.1091 8 .5510  4 .5243
18 .51.19 .2100 1.91.22 8.1.143 1.3571. 6.21.62 8.095 0 4 .6614
19 .5454 .2139 1.8648 9.7328 1.5698 6.3598 8.8175 4.7750
20 . 54 9 0  .2163 1.8627 10 .9221 1.7516 6 . 44 84  8 .9181 4 .8 6 3 6
21 .5489 .2185 1.8262 11.9105 1.9210 6.5207 6.9894 4.9359
22 .5466 .2178 1.9414 9.874 5 1.5927 6 .3906  8 .8494 4 . 8 0 5 8
23 .5513 .2193 1.5343 11.2610 1.8173 0.4992 6.9609 4 . 9144
24 .5545 .2215 1.6699 12.4104 2 .0017 6.5690 9.0442 4.9842
25 . 5 5 9 8  .2253 1.84 63  14 .3535 2.3151 6 . 7 0 8 2  9 . 1 733  5 . 1 2 34
26 .5235  .2 0 3 9  1.8513 5 .7613 .9292 5 . 9 3 3 5  8 .3 2 3 3  4 .3 4 9 0
27 . 5 3 2 3  .2107 1 .8464 7.6138 1.2280 6 .1240 8 . 5 7 8 9  4 . 5 3 9 2
26 .5298 .205 ’ . 2 . 0 0 3 0  6 .2 7 0 3  1.0113 5.999 8 8 .44 15 4 .4 150
29 . 53 3 6  .2093  1.946 3 6 .9263 1.1171 6 . 1 2 3 8  8 .52 16  4 . 5 3 90
30 .5332  .2112 1 .9205  7.236 2 1.1671 6.119? 8 .5532  4 . 5 34 9
31 .5 3 8 1  .2126 1.8996 8.1564 1.3155 6.2186 8 .6604  4 . 6 3 3 8
32 . 5 40 ?  .2159 1.8 6 7 0  9 .1070  1.4689 6.3138 6.757 ’ .  4 . 7 2 9 0
33 .54 37 .2171. 1.5736 9.9262 1.6010 6.3855 8 . 8 34 0  4 . 8 0 0 7
34 . 56 5 8  . 2203  1 .8553  10 .9347 1.7637 6 .4641  8.9171 4 .8 7 93
35 .568 9  .2195 1 .9848 9.1163 1.4704 6 .3467  8 .7933  4 .7619
36 .5 5 3 6  .2213 1.9393 10.1319 1.6342 6 .4245  8 . 8 8 2 7  4 .8 391
37 . 5539  .2249 1.9097  11.3143 1.8249 9.5131 8 .9720  4 . 92 8 5
38 .4761 .1.655 2.1145 1.5823 .2552 4 .5 7 2 5  7.1761 3 .2 57 7
39 .48 26  .1719 2 . 0 8 04  1.8114 .2922 4 . 9 97 3  7 . 2 9 64  3. ’ .125
40 .4884 .1761 2.0428 2.1153 .3413 5.1405 1.4358 3.5551
41 .49 15 .1825 2 . 0 2 84  2 .3331  .3763 5 .2229  7 . 40 1 3  3 .638 1
42 .4 8 0 2  .1674 2 .0 305  1.6470 .2656 4 . 8 8 2 9  7 .2 0 0 9  3 .296 1
43 .4629 .1722 2 .025’ . 1.7970 .2898 4 . 98 76  7 .2796 3 . 40 2 8
44 .48 72  .1774 2.0166 2 .0501 .3307 5 . 0 %?  7 .4 0 0 5  3.5119
45 . 48 89  .1791 2.01.10 2 .1 .088 .3401 5.1383 7.4269 3 .554 1
46 .4937  .1841 2 . 0 0 3 1  2.4179 .3900 5 . 2 3 8 0  7 .5523  3 .6532
47 .4 785 .1692 1.9964 1.6665 .2656 4 .9361 7 . 1900  3 .3513
68 .4862 .1765 1.9982 1.939 1 .3128 5.0525 7.3461 3.4677
49 .4916 .1806 1.9961 2.1938 .3538  5 .1773 7.4626 3 .5925
50 .4996 .1899 1.9866 2.8013 .‘ .527 5 . 38 0 8  7 .6868 3.7560

73 • ( T A .? N C • 0 ‘ 2 ) / 1 4  • RHO NU~ •‘2) 75 = ( T A U  N C ~$ ‘2 ) / ( 4  • RHO • NU “2 )

74 ( ( D~ L T A P)P • 0 “ 2 ) / ( 4  RHO’ • NU’ “ 2)
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TABLE II (CONT.)

CALCULATED RESULTS

T E S T  LOG 76 L o G 77 RE THETA • (CE ) C • ICF)  P • (CF) F • (CF) VO •
l b .  10 “ — ‘. 10 ‘ 3 10 “ 3 10 •‘ 3 10 “ 3

1 5 .5535  5 .7 4 4 6  2 .0 0 8 8  1 .342 1.6  1.4599 1 .2334  1.3211
2 5 .6230  5 .8113 2 .1076  1.24458  1.4683 1.2541 1.3220
3 5 .7969 5 .9812  2 . 46 8 1  1.19678 1.4467  1.2662 1.2930
4 5 .5860 6.0719 2 .6290  1 . 23 874  1 . 444 9  1.2679 1.2926
5 5 .9862  6.1735 2.8926 1.25687 1.1307 1.2677 1.2752
6 6 .0939  6 .2790  3.1981 1.234 18 1.414 5 1.2650 1 .2573
7 6.1451 6 . 3 2 67  3 .3 6 0 5  1.24 254  1.3946 1.2616 1.2492
8 6. 1.453 6 .44 5 3  3 .8 3 20  1.24929 1 .357 2  1.2425 1.2156
9 5 .7822  5 .9642  2 . 3 2 2 2  1.23515 1.4716 1.2904 1.3350

10 6 . 0 5 8 5  6 .2373  3 . 0 5 8 1  1 .27 2 08  1.4177 1.2801 1 .2725
Ii 5.787 5  5 .9755 2 . 3 2 20  1 .25651 1.4798 1 .2833 1.31.18
12 6 .0834  6.2610 3.9965 1.25336  1 .3593  1.2582 1 .2203
13 0 .4 0 9 3  6 .543 2  6 .6989  1 .0 8 7 82  1 . 0 7 8 7  1.0969 1.1270
14 6.7856 6.9215 9 .4 223  .99624 1.0221 1.0653 1.0934
15 6 .8537 6 .9957  9 .9971  1 . 0 0 360  1.0136  1.0526 1.0932
16 6.5940 1.0317 10 .344 7  1.13441 .9990 1 .04 98 1.0920
17 6 .8180 6 .9662 10 .1477 1.04229  1.0138 1 .0366 1.0629
18 5.9659 7 .1102 11.3185 1 .04 15 2  .9882 1 .0280  1.0691
19 7 .0894  1.2327 12 .4245  1 .0 3 6 9 7  .9645 1.0189 1.0723
2 0  7.189 1 7 .3333  13.6269 1.0221’ . .9479 1 .3 0 7 7  1.0666
21 1.2652 7 .4 04 5  14.5678 1.02607 .9273 1.0010 1.0625
22 7.1274 7.2645 13.5819 1.0 3 8 7 2  .9595 1.0288 1.0261
2 3  1.2336 7 .376 1  14 .7650  1.04 996 .9436 1.0102 1.0312
24  7.3 170 7 .4594  15.6291 1 .02 970  .9 3 0 6  1 .0035  1.0300
25 7 .4652 7 .5885  17.7880  1 .0 74 0 5  .9120 .9921 1.0213
26 6.610 1 6 .7385  1 .4402  1.11781 1.0331 1.0801 1.1719
27 6 .8651.  6 .6941 9 . 6 7 50  .99426  .9862 1.0548 1.1247
28 6.7213 6.8567 9 .2795 1 .01 .53 1  1.0208  1.0615 1.0571
29 6 . 8 0 3 0  6 .9368  9.6918 1.13998 1.0104 1.0621 1.0815
30 5.8394 6 .9684  9 .8675  1.04 793  .9992 1.0535 1 .0888
31 6.9414 7 .0 7 5 6  10 .8506  1 .047 28  .9851 1.0466 1.0807
32 7 . 04 09  7 .1726 11.9242 1 .05288  .9657 1.0396 1 . 0 700
33 7.1151 7.249 2  12 .7809 1.05287 .3539 1.0285 1.0639
34 7.2012 7 .3323  13.7853 1 .0 5 0 04  .9372 1.0238 1.0589
35 7.0710 7.2085 13.1270 1.077 38  .931.1 1 .0499 1 . 0 0 0 4
36 1.1563 7 .2979 13.9526 1 .06770  .9748  1 .0387 .3913
37 7 .2524  7 .3872  15 .0997 1.06665 .9492 1 .03 3 5  .9799
3 8  5 .4547  5.5913 3 .1020 1.12658 1.2117 1.1 .320 1.2325

0 39  5.5817 5.7136 4 .0979  1.10462 1.1996 1.1434 1.2098
4 0  5.7242 5.5510 4.5989 1.20875  1.1784 1.1481 1.1842
41 5.8165 5.8165 4 .9921 1.21042 1.1520 1.1525 1.1668
‘.2 5 .4769 5.6161 3.5842 1 .10909 1.2236 1.1395 1.21.32
4 3  5 .5638 5 .694 8  3 .8792  1.18849 1.2058 1.1498 1.2281
4I~ 5 .6892 5 .8157 4.3719 1.17944 1.1851 1.1520 1.2061.
45 5.716? 5.6421 4 .4 733  1.23159 1.1836 1.1550 1.2039
46 5 .8459 5.9675 5 .0616  1.18188 1.1517 1.1552 1.1815
47 5 .4738 5 .50 52  3 .4775 1.27598 1.2188 1.1524 1.2651
4 8  5 .6347 5.7613 4 .082 ’. 1.20153 1.1999 1.1603 1.2288
49 5.75 13 5 .8778  4 .5839  1.25309 1.1639 1.1569 1.2054
50  5.9654 5 .1046 5 .7 6 03  1.22826 1.1.41.4 1.1534 1.1525

ES • (DELTA P F ‘ 1 “2)1(4 ‘ Rh O’ ‘ NU “ 2)

77 = (ID ~ L1A P)P ‘ H “ 2 )/ (4  ‘ RHO ‘ NU’ “ 2)
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AFFDL- TR-78-89

TA8LE 00  ( C O N T . )

CALCULATED RESULTS

TEST ~e DELIL2F R~~Q_ E R’ED • R’EH • LOG 73 LOG 74 LOG F5
ND. ME fO E RHO’ 10 “ —4 10 “ —4

51 .5016 .1931 1 .9770  3 .0866 .4962 5 .2 141 7 .1732  3.6293
52 . 5 0 54  .1960 1 .9705  3. 4669 .5595 5 . 5 56 9  7 .6793  3 .9741
53 .4925 .1.625 1.9674 2.2914 .3696 5.1984 7 .4 95 8  3.6136
54 .4990  .1908 1.9621 2.6611 .1.615 5 .3956 7 .6989  3 .6120
55 . 5 34 9  .2161 1.94 38  8.486 7 1.3588 6 .1381  6 .6997 4 .6 0 3 3
56 .5 3 84  .2163 1.9181 9.20’ .b 1.4646 6 . 3 0 3 3  6 . 7 7 0 0  4 .7 185
57 .5363 •2193 1.9071  9 .4538 1. 5248 6 .2641 6.187’ . 4 .6793
58 .5391  .2203  1.8962 10.2919 1.6600 6.351? 6 . 8 6 3 2  4 .7669
59 .5356 .2182 1.9891 9.4203 1.5194 6 .2809  8 . 60 1 5  4 .6961
60 . 53 8 3  .2227 1.9465 10.515’ . 1.6960 6 . 398 0  6 .8916 4 .8 1 3 2
61 .5424 .2258 1.9275 11.3877 1.8367 6.5173 6 .9635  ~ .9325
62 .54 17 .227 1 1.9024 12.0531 1.9440 6 .5196 9 .0 0 6 0  4 .9 3 4 8
63 . 5 4 0 9  .2219 2 .0015  11.5743 1.8668 6 .5051  8.9916 4 . 9 2 0 3
61. . 5 04 3  .1925 2 . 0 57 6  3 .3230  .5360 5 .4390  7 .65 87  3 .6542
65 .5116 .1989 2.0528 4.2862 .6913 5.6815 6.0913 4.0967
66 .9263 .2110 1.9847 6.8051 1.0975 6.0573 8.5028 4.4725
57 .5326 .2179 1.9352 8.9912 1.4502 6 .2361 6 .7445 4 .6513
66 .5362 .2187 1.8886 10.0102 1.6145 6.3177 8.6327 4.7329
69 •54 0 8  .2208 1.8441 10.9720 1.7691 6 .4 024  6 .9093  4 .6176
70 .5425 .2247 1.7951 11.9656 1.9299 6 .4674 8 .9759 4 .88 2 6
71 .5222  •2074  1.6671 5.5105 .8888 5 .8537  8 .2 8 6 1  4 . 2 6 89
72 .5232 .2056 2 .0654 6.0139 .9106 5.9593 8 .4 0 8 3  4. 3145
73 • 5 3 3 6  .2145 2 . 0 0 2 1  8.7144 1.4055 6. 2695 8 . 7 3 27  4 . 6 8 47
74 .54 0 6  .2231 1.9376 11.0568 1.7834 6.4317 8 . 9 3 7 3  4 .84 69
75 .5451 .2257 1.6925 12.1540 1.9603 6.5145 9.0154 4.9297
76 .4931 .1924 2.0553 4.2311 .6824 5.6864 6.0485 4.1016
77 .4990 .1962 1.9976 4.7446 .7653 5.7821 8.1461 4.1973
76 .5026  .198’. 1.9718 5 .1802  .8355 5 .84 97  8 . 2 2 2 9  4 .2649
79 . 5 05 5  .2034 1.9386 5 .704 5 .9201 5.9213 8 . 3 04 3  4 .3365
80 .5074 .2039 1.9211 5.1197 .9870 5.9789 8.3646 4.3941
81 .5099 .2078 1.8952 6.6558 1.0751 6.0375 8.1.373 4.4527
82 .5148 .2104 1.8726 7.5376 1.2157 6.1406 8 .5471  4 . 5 5 6 0
83 .4816 .1810 1.9551 2.5563 .4123 5 .2584  7 .5690  3 .6736
84 .4959 .1972 1.9171 4 .1306 .6662 5 .6571  8 . 0 04 1  4 . 0 7 2 3
85 .5 0 05  .1967 1.8917 4 .4353 .7154 9.726 0 8 .0669 4 .14 12
86 .4913 .1891 2.0818 3.8894 .6273 5.6374 7.9779 4.0526
87 .4953 .1931 2 .0 3 2 3  4 .4530 .7162 5 .7487  8 . 0 9 2 0  4 .1639

• 88  .5 0 2 8  .1990 1.9780 5.3386 .8611 5.8891 8.2508 4.3043
89 .5051  .2018 1.9527 5.7730 .9311 5 .9 4 0 2  8.3172 4 . 3 5 54
90 .5101 .2042 1.9236 6.3798 1.0290 6.0105 8.4060 4.4261
91 .5130 .2070 1.9019 5 .5895  1.1.113 6 .0752 8 .4 727  4 .490 ’ .
92 .51.58 .2080 1.6831 7 .4092 1.1950 6.1229 8 .5364  4 .5381
93 .5164 .2106 1.8695 7.9112 1.2760 6.1877 8.59 10 4 . 6 0 2 9
94 .5191 .21 .0 8  1.8511 8.4587 1.3643 6.2411 8.6494 4 .6563
95 .5218 .2131 1.8 34 4  9.8146 1.5830 6 .3706  8 .7792  4 .7 8 5 8
96 .4699 .1634 2.0714 1.7705 .2856 4.940 3 7.2534 3.3555
97 . 4749  .1700 2 .0513 2 .024 5 .3265 5 . 0 3 77  7 .374 6  3 .4529
98 .4810 .1742 2.0326 2.3224 .3746 5.1910 7.5011 3.6062
99 .4829 .1757 2.0154 2.4649 .3975 5.2195 7.5525 3.63’.?

100 .4897 .1821 1.9993 2.7081 .4368 5.3203 7.5430 3.7355

73 = (TA.) N C ‘ 0 “ 2 ) /(4  • RHO’ • NU ’ “2) 75 (TAU N C • H “2)/(4 • RNO ’ Nt)’ “2)

74 • ((DELIA PIP • 0 “ 2)/ ( 4  • RHO’ ‘ MU’ “2)
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AF F DL-TR -78-89

T A B L E  IX (C O N T . )

CAL CULATED RESULTS

TEST LOG 76 LOG 77 RE THETA ‘ (C F) C .  • (CF)P ‘ ( 0 7)7  ‘ (CF)VD ‘
90. 10 ‘‘ —4 10 3 10 ‘‘ 3 10 “ 3 10 “ 3

51 6.0734 6.1884 6.2556 1.24399 1.1214 1.1517 1.1503
52 6.1794 6.2945 6.9467 1.22161 1.1024 1.1420 1.1328
53 5.7874 5.9110 4.6591 1.22301 1.1762 1.1595 1.2141
54 5.9936 6.1141 5.7369 1.24196 1.1351 1.1573 1.1735
55 6. 9930 7.1149 18.7831 .83126 .961.9 1.0516 .9744
56 6.9590 7.1852 19.6378 .98969 .9529 1.0395 .9757
51 7.0847 7.2026 20.1.512 .80221 .9411. 1.0657 .9776
58  7.1561 7.2784 21.6555 .69515 .9295 1.0337 .9712
59  7.0918 7 .21 .67  21.5914 .8654 1 .934 9  1.0375 .9377
60 7.1927 1.3070 23.0965 .92940 .9185 1.0367 .9430
61 7.2637 7.3787 24.5390 1.05328 .9126 1.0347 .9414
62 7.3099 7.4212 25.3430 .95756 •8985 1.0304 •9462
63 7.2666 7.4068 26.6969 .95464 .8999 1.0118 .9048
64 6.1529 6.2139 8.5730 .96753 1.1042 1.1260 1.0518
65 6.3874 6.5065 10.6834 1.01880 1.0588 1.1071 1.0231
56 5.7998 6.9180 15.9104 .9932’, .9565 1.0717 .9363
61 7.0448 7.1597 19.8354 .86068 .9414 1.0483 .9107
68 7.1291. 7.2419 21.0143 .81664 .9282 1.0328 .9791
69 1.2025 7.3245 21.9551 .91012 •9221 1.0259 .9893
70 7.2737 1.3911 22.7056 .91306 .9097 1.0275 1.0034
71 6 .5826  6.1013 11.7114 1 .00754 1.0395 1.1055 1.0825
72 6.6992 6.8235 15.1229 .97356 1.005’. 1.051? .9653
73  7.0245 7.1479 20.3514 .98074 .9478 1.0352 .9441
7’. 7.2352 7.3525 24.1504 .91259 .9138 1.0 291 .9405
79 7.3122 7.4316 25.3601 .93556 .9069 1.0236 .9499
76 6.3621 6.4637 12.1786 1.05601 .9964 1.0767 1.0037
77 5.4578 6.5613 12.936’. 1.07105 .3906 1.0750 1.0147
78 6 .5333  6 .6381 13.1564 1.06956 .9811 1.0691 1.011.1.
79 6.6205 6.7195 1.4.5366 1.05180 .9681 1.0750 1.0166
80 6.5186 6.7796 15.1.0’.? 1.05916 .9582 1.0639 1.0153
81 6.7553 6.8525 15.3319 1.03554 .9466 1.0661 1.0161
82 6.8622 6.9623 17.9685 1 .03985 .9331 1.0541 1.0097
83 5.8154 5.9842 6.0320 1.13474 1.1003 1.1271 1.1413
84 6.3211 6.4193 10.5776 1.11036 1.0257 1.1.1.35 1.0791
85 6.3766 5.4821 11.0444 1.14378 1.0221 1.0972 1.0622
86 6.2871 5.3931 11.5051 1.10231 1.0108 1.0760 1.0039
87 6.4046 6.5072 12.5724 1.11130 •9923 1.0739 1.0071
85  6.5522 5.6660 14.2593 1.09926 .9141 1.1248 1.0056

4 89 5.6305 6 .7324  15.935? 1.07114 .9635 1.0640 1.007?
90 6.71.59 6.8212 15.104k 1.04179 .9555 1.0565 1.0079
91 6.7637 5.8619 15.9947 1.05370 .9678 1.0550 1.0078
92 6.31.66 6.9516 11.9111 1.02100 .9398 1.0459 1.0059

• 93 6.9039 7 .0 0 6 2  18.8308 1.05340 .9263 1.0454 1.0045
94 6.9561 7 .064 5 19.1234 1.05227 .9196 1.0338 1.0041
95 7.0879 7.1944 22.3564 1.06284 .8933 1.0151. .9921
95 5 .5376 5.5566 6 .1502 1.07371 1.1527 1.0974 1.1173
9? 5.6671 5. 7696 5.5841 1.03848 1.1350 1.1.095 1.1064
98 5.7931 5.9163 7.1391 1.13283 1.1201 1.1056 1.0896
99 5.81.72 5.9517 8.0733 1.08351 1.11.17 1.1062 1.0885

100 5.9386 6.0582 6.1147 1.14062 1.1204 1.1191 1.0609

66 = (DEL IA P 7 ‘ H “2)1(4 ‘ RHO ’ ‘ NU “2)
F? • I ( DELTA P) P ‘ H “2)/(4 • RHO’ ‘ NU’ “2)
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AFFO L- T R—7 -115

T A B L E  II (CONT .)

C A L C U L A I E O  RES ULTS

T E S T  
~~~ DEL IA_ E F R~~f O _ E R ’E O • R•EH • LO G 73 LO G F’. 101. 75

NO. ME DI RHO’ 10 “ —4 10 •‘ —4

101 . 4 9 2 8  .185? 1.9831 3.1410 .5067 5.’.’.53 7.1739 3 .8005
102 .4838 .1663 1 .9721 3.3187 .5353 5.4381 7.8121 3.8533
103 .4923 .1923 1.9316 3.939 0 .6393 5.585 . 1.9552 4 .0006
104 .501? .1912 1 .9143 4.4511 .7189 5.6740 8.0792 4.0892
105 .5025  .1932 1.8936 4 .85 3 9  .7823  5.753’ .  6.1486 4.1566
105 .5 0 5 8  .1975 1.8784  5 .2542 .84 75 5.816 3 8.219? 4 .2 3 2 0
107 . 50 7 0  .1978 1.8673 5 .4 7 3 0  .882? 5 . 8 8 95  8.25’.6 4 .3050
108 . 5 0 9 0  .1961 1.8570 5.8175 .9383 5 .8 904  8 .3 0 8 6  4 .3056
109 .5095 .2048 1.8448 6.2496 1.0080 5.9540 8.3628 4.3092
110 .,976 .1923 2.0247 5~~3957 .8703 5.8643 8.2612 4.2800
111 .5056 .1956 1.9547 6.1897 .9983 5.9580 8.3812 4.3732
112 . 5 0 3 0  .1997 1.9310 6 .7852  1.0944 6 . 03 9 2  8 .4 575  4 .4544
113 .5104 .2 0 39  1.9095 7.3 190 1.1805 6 .087s  8 .5227 4.5028
114 .913’. .2070 1.8823 8.0323 1.2955 6.1645 8.6021 ‘.5797
115 . 9 1 48  .2086 1 . 85 3 0  8 .6 0 6 9  1 .3882  6 .2 1 0 9  8 . 6 6 0 2  4 .6261
116 .5152 .20 95  1.84 12 9.1223 1.4714 6 .3113 8.7113 4.7265
117 .5198 .2110 1.8275 9.6969 0.5318 5 .3093 8.7456 4.7251
118 .922’. .2198 1.8092 10 .603 . 1.7102 6.3895 8.8413 4.8047
119 .5272 .2143 1.7954 11 .6502 1.8791 6.4589 8.9277 4.8741
1.20 .5130 .2083 1.9780 9.5039 1.5329 6.3206 8.770 3 4.7358
121 .5207 .2122 1.9094 11 .0266 1.7785 0.4252 8.8960 4.8404
122 .52 45 .2150 1.8701 12 .3643 1.9942 6.5061 8.9933 4.9213
123 .5292 .2185 1.8311 13 .9113 2.2438 6.5949 9.0937 5.0101
12’. .5 3 2 4  .2177 1.7881 15 .2802  2.4645 0 .6704  9.1701 5 .0856
125 .5353 .2226 1.7648 16.6554 2.686’. 6.7836 9.2439 5 .1988
126 .5230 .21.87 1.918 4 12.9531 2.0892 6.5806 9.041? 4.9958
127 • 5 3 3 7  .221 9  1 .8 8 04  1 4.99 8 5 2.4192 6 .5951 9 . 1778  5.1110
128 .53 66  . 22 00  1.83 1’ . 1 .6 .3848  2 .6427 6 .7598  9 .24 7 8  5 .1790
129 . 5 3 7 3  .2223  1 .8123 1 8.27 0 2  2.94 68 6 .8 4 7 0  9 .3398  5 .2622
130 .5 42 1  .2 2 4 8  1.5050  18.8699 3 .04 6 8  6 . 87 3 8  9 .3 74 2  5 . 2 8 9 0
131 . 5 36 7  .2168 1.9155 16 .7385  2 .6998 6.7911 9 .2862  5 . 2 06 3
132 . 54 2 ?  .2180 1 .5255  2 0 .0 1 . 8 6  3 .2288 6 .94 66 9 .4 3 0 2  5 .36 18
133 .466’ .  .1701  1 .9794  2 .57 94  .4160 5 .24 56  7 .554 1 3 .6 6 0 8
134 .4 7 .3  .1771 1.9366 2.9391 .4140 5 . 34 0 ’ .  1.6725 3.7556
135 .4 7 6 9  .1827 1.921? 3 .34 57  .5396  5 .4 5 0 2  7 .7 85 6  3 .865 ’ .
136 . 4 8 1 2  .1895 1.6189 3 .7512 .6050 5 . 5 24 . 7 . 8 8 4 1  3 .9396
137 .4 8 59  .1913 1 .8 7 91  4 . 2 0 4 2  .6761 5 .6290  7 .9 90 7  4 . 04 4 2
138 . ‘ . 9 0 ?  .1.910 1. 83 8 2  4 .605 .  .71.26 5 .7065  5 .06 94  ‘ ..1217

3 139 . 4 9 49  .1949 1 .849 3  4 .9941  .8 0 5 5  5 .7 7 4 1  8 . 15 0 0  4 . 18 9 3
140 .4 9 6 8  .1901 1 . 8 5 7 3  5 .3183 .8576 5 . 5 2 0 3  8 .209 8  4 . 2 3 5 2
141 .4 9 9 3  .1919 1 .7 0 2 3  6 .4 8 1 3  1 .0454 5 .987 3  6 .34 80  4 . 4 0 2 5
142 . 5 3 0 2  .1921 1 .624 2  5 .8410  .9421 5 .8975  5.2692 4 .3127
143 .5 0 2 5  .1948 1 .8086 6 .2586  1 .3095 5 .9565 8 .34 9 5  4 .3717
1.4 . 5 0 3 3  .1987 1 .814 0 6 .7903  1.3952 6 .0255  8 .4 2 3 0  4.41.07
1’ .5 .5 9 5 2  .1999 1 .7859  7.1551 1.1540 6 .0 64 6  6 .4651  4 . 4 7 9 8
145 .5 0 94  .1994 1 .7627  7 .6 2 04  1.2291 6 .1074  6 .5182  4 . 5226
147 . 5 0 9 0  .202 0  1 .7539  8 . 0 6 0 3  1 .3 0 0 0  6 .1574 8 .5672  ‘ . .5726
146 .5 0 9 2  .2025  1.7561 8 . 46 7 2  1.3657 6 . 2 0 1 1  8.610 7 4 .6163
149 .5130 .204 0  1.7429 8.9787 1.4482 6 .24 13 8.6549 4.5511

73 = (IA.? N C • 0 ‘‘21/(4 • RHO’ • MU’ ‘‘2) 65 • (TAt) N C ‘ H “2 )/ (4  • RHO’ ‘ NU “2)
Ft. = UD E LT A P) P ‘ 0 “2)7(4 • RHO’ • NU’ ‘‘2)
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TABLE 11 (CONT.)

CALCULATED RESULTS

TEST LOG 66 LOG F? RE THETA • (CF)G ‘ (CF)P • (CF)F ‘ (CF)80 ‘NO. 10 “ —‘. 10 “ 3 10 ‘• 3 1.0 ‘‘ 3 10 ‘ 3

101 6 . 0 7 27  6.1691 9.9076 1.13956 1.0620  1.1061 1.0645
102 6.1192 6 .2273 11.2075 1 .01009  1.0525 1.1002 1.0475
103 6.2129 6 .3734  12.7395 1.0277 1  1.0212 1.3978 1.0418
104 6.3748 6.4944 16.1718 .99042 1.0222 1.0668 1.0292
105 6.44?? 6.5636 15.0176 1.01636 1.0037 1.0610 1.0300
105 6.5224 6.6349 1.5.9791. 1.01154 .9951 1.0664 1.0260
107 6.5561 6.6696 16.4471 1.10974 .9894 1.0461 1.0259
1.08 6.6026 6.7238 11.2690 .96896 .9808 1.0 403 1.0223
109 6.6810 6.7640 18.2891 .99809 .9649 1.0677 1.0182
110 6.5665 6.6764 16 .6930 .99411 .9513 1.0263  .9485
111 6.6802 6.7964 20 .2536  .96460  .9466 1.0202 .9577
112 6.7615 6 .672?  21.4625 .9 6 4 7 4  .9336 1.0231 .9614
113 6.6313 6 .9379 22.64 29 .95690 •92 ’ .J  1.0282 .9615
114 6.9126 7.0113 26.1615 .96201 .9125 1.0256 .9624
115 6.9713 1.0154 25 .3300  .94 202  .9017 1.0199 .9626
116 7.0188 7.1265 26.2316 1.06913 .8993 1.0139 .9154
1.17 7.0535 7.1608 25.9135 .99019 .6955 1.0134 .9676
1.13  7.1545 7.2565 29.3767 .96421 .0785 1.0132 .9623
113 7.2301 7 .34 29 31.7129 .94631. .6714 .3897 .9569
120 7 .0022  7.1655 3 0 . 9 03 5  .93683 .6619 .9923 .6940
121 7.2046 7.3112 33 .5031  .91735 .656~ .9853 .9066
122 7 .3010 1.1.005 36.0461 .89111 .3466 .0775  .910?
123 7.4016 7 .5 06 9  36 .8 593  .88822  .8350  .9715 .9152
124 7 .47 07  7 .585 3  40 .7143  .89704  .8257 .9533 .9250
125 7.5694 7 .6591 43.2224 .99284 .6161 .9576 .9262
126 7.3598 1.4569 39.1284 .94620  .8285 •9814 .6816
121 7 .4646  7 . 5 9 3 0  43.6195 .93864 .8275 .9684 .8818
128 7.547’. 7.6630 45.2336 .93597 .8190 .949’. .89 43
129 7 .6408 7 .7550  49.3672 .92979 .7998 .9373 .8891
130 7 .6730  7 .7894 50 .5693 .92848 .8043 .3410 .8696
131 7 .5736 1.7014 49 .9808  .92155 .8100 .9190 .8521
132 7.7148 7.6454 54 .3929  .96700 .7923 .5042  .8733
133 5.6685 5.9693 9 .60 5 2  1.06935 1 .0366 1.0634 1.8662
134 5.9636 6 .0677 10 .7007  1 .04704 1.033? 1.0774 1.0693
1.35 6.1.066 6 . 2 0 08  11.9613 1.04812 1.0019 1.0820 1.0561
136 6.2036 6.2993 12.639? 1.01154 .9918 1.0767 1.0609
131 6.3152 6 .4059 14 .3644 1.02525 .9833 1.0018 1.0427
138 6 .365’. 6 .4846  15 .0539 1 .04399 .9805  1.0665 1.0510
139 6. ’.659 6.5652 16.4691 1.03101 .9734 1.0660 1.0322
140 6.5117 6.6250 i7.6150 1.006 07 .9632 1.0294 1.0184
141 6.6496 6.1632 18 .2208  1.08656 .9326 1.0076 1.0792
142 6.5896 6.7046 16.6834 1.01512 .9529 1.0220 1.0227
143 6 .6521 6.7647 19.6388 1.02152 .9443 1.0225 1.0212
144 6.7326 6.6382 21.3963 1.01631 .9263 1.0244 1.0062
145 6.7741 6 .8803  21.8461 1.01526 .9216 1.02 12 1.0141
166 6.8220 6 .933’. 22. 6464 1.00132 .9211 1.0076 .9303
147 6.8142 6.9624 23.6851 1.00865 .9068 1.0092 1.0149
11.8 6.9167 7 . 0 2 59  24.9036 1.00961 .8953 1 .0020 1.0066
149 6.9694 7.0801 25.9954 .99369 .6941 .9979 1.3057

F5 (DELTA P F ‘ ii “ Z ) / ( ’ . RHO’ ‘ MU’ “2)

F T = ( ( DELIA P)P  • H “2 ) / ( 4  ‘ RP~O’ • Nt)’ “2 )
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