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:: THERMAL PROTECTION SYSTEM GAP HEATING

- RATES OF THE ROCKWELL INTERNATIONAL

,,:_ FLAT PLATE H_AT TRANSFER MODEL

(OH2A/OH2B)

_! By

_ William K. Lockman _, and William J. GrifallThomas F. Foster,

ABSTRACT _,

This report presents heat transfer data for the Rockwell International

Flat Plate Thermocouple Model. The model simulated the Space Shuttle ,

Vehicle Thermal Protection System. Data were recorded for locations in

and around various size gaps for various gap orientation configuraticns.

'Thetest was conducted at Mach 5.1 for free-stream Reynolds number per

foot values from 0.5 x lO6 to 1.5 x lO6.

* NASA Ames _,
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INTRODUCTION

. The experimental investigation presented in this report was performed %

to obtain aerodynamic heating rate data in and around the gaps at the

Thermal Protection System (TPS) block Junctions. The wind tunnel model

simulates the proposed TPS external surface of the shuttle orbiter. The

li _" thin skin stainless steel thermocouple mode_ -.s u_ed to pro-ide a %_ta _

base for heating rates of the various gap configurations. These variations

consisted of the number of gaps, gap width, depth, spacing, intersection,

edge misali_ment, and orientation.

The test program was conducted in the ;unes 3.5-Foot Hypersonic Wind

lhinnel at a M_ch number of 5.1 for free-stream Reynolds number/foot values

from 0.5 x 106 to 1.5 x 106. The "aodel angle of attack, roll angle and

yaw an_;lewere 0°.

3

i
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NOMENCLATURE

General

Descriptio.

C model material specific heat

c specific heat of air stream (perfect gas value)
p

H enthalpy
i

h heat transfer coefficient 1

_. heating rate

T temperature

! T/C thermocouple

TPS thermal protection system

'_, t time
I
! W model material density
O

] a angle of attack

I, 8 angle of sideslip
#

0 air density

# roll angle

!
| Subscripts
i

aw adiabatic wall

i initial value before model insertion into tunnel
flow

PG perfect gas (calorically and thermally perfect gas)

t stagnation conditions

1974013474-009



s ,

[" w wall ._

_ i conditions upstream of shock

_ 2 conditions downstream of shock

_: Model 1_

_i b skin.thicknessC model material specfic heat

d gap depth

P.I.U. primary instrumentation unit (insert II), see

figure h

s gap surface step

W model material density

w gap wi dth

.,
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MODEL DESCRIPTION

The model is a 2-inch thick, 27-inch wide, 60-Anch long flat stain-

less steel plate with a sharp 5° leading edge, Three total pressure and

total temperature probes are located at 3 spanwise locations at the rear

of the model. The basic flat plate is the structural carrier for 5 thermo-

couple (T/C) instrumented inserts simulating various TPS gap configura-

tions. In addition to the thermocouple inserts there is 1 flat plate

pressure insert. The inserts shown in figure_ 3 through 8 are described

below:

Insert Description

I A smooth plate heat transfer insert with 3 rows of 25 Lnermo-

couples each for a total of 75.

!I A single transverse gap insert with the capability of varying i

the gap width from 0 to 0.2 inch. There are 3 gap depths

of 0.4, 0.8 and 1.6 inches along the span of the gap with
instrumentation modules located at the centerline of the 3

gap depth areas. A total of 90 thermocouples instrament this

primary instrumentation unit (P.I.U.).

III A multiple transverse gap insert capable of providing a total

of 5 gaps with four 6-inch long modules instrumented with a

total of 19 surface T/O's. The fifth gap is provided by

using the P,I.U. (insert II) with its 90 T/C's for a total of

109 T/C's in the full 5 gap configuration. The P.I.U. has 1

""i_ the capability_ of being placed at any of _he chordwise gap )
i locations. Filler block,s are provided to test any number

1 ofgapsupto
_ IV A longitudinal intersecting gap insert used in conJuction |

with the P.I.U. A total of 3 parallel chordwise gaps of 0.4:

0.8 and 1.6 inch depths intersect the transverse gap of the

'_ P,I.U. I:_ addition to the 90 T/C's of the P.I.U. there are 4

instrumentation modules in the longitudinal gaps with a total
of 35 T/C's.

l
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i
V A diagonal inLeruecting gap _L up which will nut u_ th_ F.I.U. ;,

q_o orthogon_l intersecting gaps of the same constant depth are

instrumented with 4 modules with a total < f 95 T/C's.

VI A pressu/e instrumentation insert containing 3 rows of 8 each

static pressure cells for a total of 24.

The P.I.U. used in insert iT "III and IV has th _ capability of providing

a _'face step deflection between -i/8 inch and +1/8 inch by raising or

{]_i, lowering _i,e aft wall section of the gap.

_, The model was constructed of 17-4 PH, 17-7 PH, and J5-5 PH stainless

steel. The instrumented areas were machined to a nominal skin thickness

of 0.015 inch on the surface and 0.007 inch in the gaps. Figures 3

through d describe each insert and th T/C instrumentatlon location.

7
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TEST FAC ILI'I"L

The NASA-Ames 3.5-Foot Hypersonic Wind T,_mel is a closed-circuit,

blo_down-type _unnel capable of operating" at nominal Mach numbers of 5, 7.

and i0 at pressures to 1800 psla and temperatures io 3400°R for run times

to four minutes. The major components of th,. rucility _nclude a gas storage

system where the test gas is stored at _O00 ;:;i, a storage heater filled

with aluminum-oxide pebbles capable of ne_tiag the test gas to 3bOO°R,

axisymmetric contoured nozzles with exit di_meter_ of h2- inches for gener-

ating the desired Mach number, and a 900,000 i% .5vacuum storage system

which operates to pressures of 0.3 p::ia. Tqle %eat section itself is an

open-jet type enclosed within a chamber approximately 12 feet in diameter

and 40 feet in length, arranged transversall:/ to the flow direction.

A model support system is provided that _:un pitch models through an

angle-of-attack range of -:_0 to +l_J degTee.(;, ir_ a vertical plane, about

a fixed point of zotation on the tunnel center/ine. This rotation point

is adjustable from 1 to 5 feet from the noz:,]e exit plane. The model

normally is out of the test stream (_trut centerline 3Y inches from tunnel

centerline) until the tunnel test conditions are establlshed, after which

it is inserted. Insertion time is adjustable to as little as 1/2 second

' and models may be inserted at any strut angle.

• A high-speed, analog-to-dig£';al data acquisition system is used to

record test data on magnetic tape. The present system is equipped to mea-

' sure and record the outputs from 80 transdu_,er:: in addition to 20 channels

of tunnel parameters. _.

I", s ,
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TESTING AND PROCEDURE _:i

The carrier plate was sting mounted and set at 0° angle of attack,

yaw, and roll throughout the test. The various inserts were lifted into

place by a vacuum lift machine. The entire model was injected into the _!I

airflow by a quick insert mechanism when the air str=am reached stead_

staue conditions and retracted at the completion of data aquisition. Model

,_ injection and retraction times were about 0.8 second and the time on the

_. flow center line was 3.3 seconds.

The model wall temperature data for each thermocouple, tunnel condi-

tion data, and the data for the model-mourn.ted total temperature and pressure

, probes were recorded on magnetic tape at 0.07-second intervals from the

beginning of injection to the end of retraction. Shadowgraphs were taken

during selected runs.

The test progrsm shc_wn in table 1 was conducted at a free-stream

Mach number of 5.1 at free-stream Reynolds number per foot values from

_- 0.5 _ ]n6 to 1.5 x 106 with a total temperature of 2000°R. Angle of attack,

_5 roll ang _ _, and yaw angle were all 0° .

i I _ |
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DATA REDUCTION

All test data were reduced at the NASA/Ames Research Center using the

data-reduction techniques outlined below. The thermocouple data were

reduced using the one dimensional thin-wall equation:

dT H H

= Web w
dt = h (Haw - Hw) = hHt ( aw _ w

Ht -_.t) (i)

2
where: C

= Co + CI Tw + C2 Tw the "w range in this test.
for (2)

Integration of equation (i) for t = t. to t and T = T to T yields
i W W. W

i

the linear equation:

T'T, T I T' ]

aw- C2 % �T
f (Tw) = - Ln ( aw wi) - C'aw+ _-aw ( + 2 i.) {Tw --Twi )

hc

- __2__ (t - t ) (3)
- WC' b i

aw

where it is defined that:

H HtHaw _ aw

T' -- - > (Taw)
aw c Ht c " PGP P

C' --C + CI T' + C2 T' 2aw o aw aw

# specific heat at adiabatic wall temperature

The form of Eq (3) is f(Tw) = mt + b where m is the slope and b is

is the intercept for a straight line.

The sloFe, m, of f(Tw) vs t from Eq (3) is computed by a least-squares,

b I straight-line fit over a finite time intelwal (approx i sec) after model

i reaches tunnel centerline where

} ,

].0

,i_. _; •

I
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hc

WC' b
aw

and the value of tne heat-transfer coefficient, h, is then determined

WC' b
aw (_) '

h _ _,
C
P

J_

Using this value of h, the heating rate is evaluated at the initial
_\, 4

_ t_me, ti, when the moael is isothermal at the initial wall enthalpy, "

;L: H.
l

':7" H H

....... Hw_) aw wi_ (5) !"_ q = qi = h (Haw - - hHt ( Ht Ht ....

where Haw/Ht is the same value used to evaluate h. The resultant value

of _ is independent of the value of Tiaw/Ht used f',rboth the h and _ '!

evaluations. I

The reference sphere heating is also evaluated at the initial wall

enthalpy by the method of Fay and Riddell (ref. 2): i

% = hs (Ht - Hw') _ hs - H '}Ht (i.0 ___) (6)
l

t !
The model-to-sphere ratio of heat transfer coefficients is then

determined from Eqs (5) and (6) as

U _i-_L Haw/H't - Hwi/Ht

where _iis constant for all values of Haw/H t.

To determine h/h s for various v_ues of Haw/Ht, the particular value

, of Haw/H t is substituted into Eq (7).

Ii
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The Stanton number is defined as

St - h = qi (8)

Pu Pu(Haw - Hwi

where for free-stream conditions, pu = p_ V_.

The calculations of the model heating, reference sphere heating, and

Reynolds number included the corrections of NACA report 1135 (ref. 3) for

calorically imperfect, thermally perfect air. Keyes' equation for vis-

cosity (see ref. 4) was also used for the sphere heating and Reynolds

number computations.

D
12
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DATA PRESENTATION

Tabulated heating results for the test program shown in table i are _

presented in numerical order by run number. The configuration numbers, _

I, II, III...VI, refer to the insert being tested. Only 75 thermocouple i_
channels could be recorded at one time. Four of the inserts had more T/C's

than the 75 available channels; therefore, it was necessary to connect a

|selected 75 T/C's for one run and smother selected 75 for a different run

_ the same inse_'t configuration. The dash number, II-1, II-2, II1-5,

III-Sa, etc., refer to these various hook-up schemes. Each run tabulation

is identified by a constant set number referring to the insert, the dash

numbers, and,in the case of the multiple gap insert, the number of gaps.

Runs 1 to 37 were run during OH2A test from April 18 to 24 while runs

38 to 81 were accomplished during OH2B from May 25 to June l, 1973. During

the interim,insert II (P.I.U.) was modified as shown in figure _. This

modification is identified in the tabulated data by different constant

set numbers and in the run schedule by If-1 and II-2.

e data reduction _e hod utilizes the TT values based on the 3 model-

mounted, total-_emperature probes and facility stagnation chamber total

pressure. Thus, the heat transfer- data is grouped by T/C's corresponding

tc each total temperature probe.

@ !3 !
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DATA TABULATION - Column Headings

S_.__bol Description

CHIN computer channel

CONSTANT SET refers to particular T/C

hookup run configuration

HAW/HT ratio of adiabatic wall enthalpy to total enthalpy

H/HS(I.000) ratio of model heat transfer coefficient to heat
transfer coefficient of referenc_ sphere for

HAW/HT - i.000

H/HS(0.907) ratio of model heat transfer coefficient to heat
transfer coefficient of reference sphere for

HAW/HT = 0.907, turbulent

H/HS(O.STh) ratio of model heat transfer coefficient to heat
transfer coefficient of reference sphere for

HAW/HT = 0.87h, laminar

HT total enthalpy

._._. HW/HT ratio of wall enthalpy to total enthalpy at initial
" time

LENGTH reference length

_!_i'i MACH Mach number
-- |

_; I PT total pressure

'I

i Q heat transfer rate at initial time

QS heat transfer rate of reference sphere with l-ft
radius

REF 1 insert number 1,2,B,4,5,6

REF 2 dash number-pltkK hookup or number of gaps 1,2,3,h,5

REF 3 not used

RE/_T • Reynolds number per foot

O
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REL Reynolds number based on reference length i_

TT total temperature _j

T/C thermocouple

TW wall temperature at initial time

TIME initial time (before model insertion into flow_

extrapolated from f(Tw) vs. time

_ RS reference sphere radius, 1 ft

ST(0.907) Stauton number for HAW/HT = 0.907,turbulent

_ ST(0.87_) Stanton number for H&W/HT = 0.874,laminar

15
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il

2. LocATioNs j
INSEET I

T/C No. x* y z T/C No. x* y z i

tl

i 14.003 +8.085 0 38 32.998 0 0 _i
2 16.002 +8,085 0 39 34.512 0 0

3 18.000 +8.085 0 40 36.0"2 0 0

i!_ 4 19.503 +8.085 o 41 37,508 o o

' 5 20.999 +8.085 0 42 39.008 0 0_' 6 22.517 +8.085 o 4_ _0.52o 0 0
"_L +8. 085 0 44 42.026 0 0,_ 7 24.003
_ 8 25.504 +8.085 0 45 43.515 0 0

9 26.994 +8.085 0 46 45.020 0 0

i0 28.510 +8.085 0 47 46.523 0 0

ii 30_0!g +8.085 0 48 48.015 0 0

12 31.516 +8.085 0 49 49.518 0 0

13 33.016 +8. 085 0 50 50.015 0 0
14 3k.515 +8.085 0 51 13.984 -8.085 0

15 36,020 +8.085 0 52 15.990 -8.085 0
16 37.515 +8.085 0 53 18.007 -8.085 0

17 39.021 +8.085 0 54 19.500 -8.085 0

),.8 h0.51! +8.085 0 55 21.Oll -8.085 0

19 42.016 +8.085 0 56 22.500 -8.085 0

20 43.515 +8.085 0 57 24.003 -8.085 0
21 45.03,8 +8.085 0 58 25.504 -8.085 0

22 46.527 +8.085 0 59 27.006 -8.085 0

23 48.014 +8.085 0 60 28.508 -8.085 0

24 49.518 +8.085 0 61 30.002 -8.085 0

25 51.020 +8.085 0 62 31.504 -8.085 0

26 13.984 0 0 63 33.010 -8.085 0

°7 15.980 0 0 64 34.511 -8.085 0 _i

28 17.983 0 0 65 36.015 -8.085 0
29 19.485 0 0 66 37.500 -8.085 0

30 20.995 0 0 67 39.015 -8.085 0

31 22. 479 0 0 68 40. 516 -8. 085 0
32 24.000 0 0 69 42.0]4 -8.085 0

33 25.477 0 0 70 43.508 -8.085 0
34 26.965 0 0 71 45.016 -8.085 0

35 28.500 0 0 72 46.50_ -8.085 0

36 30.010 0 0 73 48.010 -8.085 0

37 31.508 0 0 74 49.510 -8.085 0
75 51.010 -8.085 0

* Measured from model leading edge.
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TABLE 2. - Continued.

INSERT I! P.I.U. - OH2 A TEST

T/C No x* T/C No x*
II Y z II Y z

i 0 +8.085 -.295 39 - 0 -.125 -.050

2 0 +8.085 -.202 40 +0.020 0 -.020

3 0 +8.085 -.112 _i +0.066 -.125 0

4 0 +7,960 -.0_9 42 +0.095 0 0

5 +0.020 +8.085 -.020 43 +0.290 0 0

6 +0.050 +7.960 0 44 +0. 494 0 0
7 +0.180 +8.085 0 45 +0.994 0 0

8 +0.296 +8.085 0 46 +1.49i 0 0

9 +0.486 +8.085 0 47 +1.990 0 0

i0 +0.993 +8.085 0 48 +2.992 0 0

ik +1.484 +8.085 0 49 +3.991 0 0

12 +1.997 +8.085 0 50 +4.995 0 0

13 +2.998 +8.085 0 51 0 -0.625 -.i01
14 +3.998 +8.085 0 52 0 -0.625 -.185

15 +5.000 +8.083 0 53 0 -0.625 -. 397

16 -o.o5o +8.083 -.40o 51_ 0 -o.625 -.595
17 -0.050 +7.458 -.400 55 -.050 -0.625 -.800
18 0 +7.458 -.300 56 0 -0.625 -.595
19 0 +7.458 -.200 57 0 -0.625 -.397

2o o +7.458 -.too 58 o -o.625 -.185
21 -i.000 0 0 59 0 -0.62_ ..101
22 -0.[90 0 0 60 +.020 -0.625 -.020

23 -0.100 0 0 61 0 -1.225 -.102
24 -0.020 _ -.020 62 0 -1.225 -.292

25 0 0 -.105 63 0 -1.225 -.386

26 0 0 -.188 64 0 -.I..225 -.580

27 0 0 -.295 65 -.050 -1.225 -.80(
28 0 0 -.390 66 0 -1.225 -.580

29 0 0 -.480 67 0 -i .225 -. 386
I 030 O 0 -.600 68 0 -_._25 -.202

31 -0.050 0 -.800 69 0 -1.22,< -.102

32 0 0 -.695 70 +.020 -1.225 -.020

33 o o -.59_ 71 o -8.083 -1.358
34 0 0 -.480 72 0 -8.083 -i. 187

35 0 0 -.390 73 0 -8.083 -.990

36 0 0 -.295 74 0 -8.083 -.791

37 0 0 -.!88 75 0 -8.083 -. 597
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I T_A-_T_,V.2: - Contin11_d.

INSERT II P.I.U. - OH2 A TEST

T/C No X*ll Y z T/C No X*l! y z

77 0 -8.083 -.393 84 +.499 -8.083 0

78 0 -8.083 -.292 85 +.990 -8.083 0

79 0 -8.083 -.196 86 +1.502 -8.083 0

80 0 -8.083 -.096 87 +1.996 -8.083 0

81 +.020 -8.083 -.020 88 +2.992 -8.083 0

•• 82 +.092 -8.083 0 89 +3.990 -8.083 0

83 +.302 -8.083 0 90 +4.993 -8.083 0

_J

i * Xll measured from fcrward face of gap in closed gap configuration (T/C

x dlmensi_. _ aft of gap forward face do not include gap width). Negative

: x _ = forward; po-_it.ive = aft. Add _XTT' gap width and x location of for-"Tj. • °

, ; w_rd face of gap to determlne dlstance from leading edge for T/C's aft .ii,
of forward face.

(: 23
i[
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___T=,_. 2. -- Continued

INSERT II P.I.U. - OH2 B TEST

T/C No X*!l y z T/C No X*!l y z

i 0 +8.085 -.295 38 0 0 -0.105
2 9 +8.085 -.202 39 0 -0.125 -0.050

3 0 +8.085 -.112 40 +0.020 0 -0.020
4 0 +7.960 -.034 41 +0.066 -0.125 0

5 +0.020 +8.085 -.020 42 +0.095 0 0
6 +0.050 +7.960 0 43 +0.290 0 0

7 +0.180 +8.085 0 44 +0.494 0 0
•9_ 0 08 +0.296 +8.085 0 45 +0 _

9 +0.486 +8.085 0 46 +i.491 0 0

i0 +0.993 +8.085 0 47 +1.990 0 0
ii +1.484 +8.G85 0 48 +2.992 0 0

12 +1.997 +8.085 0 49 +3.991 0 0

13 +2.998 +8.085 0 50 +4.995 0 0

14 +3.998 +8.085 0 51 -0.500 -0.625 0 _
15 +5.000 +8.083 0 52 0 -0.625 -0.i01

16 -0.050 +8.083 -.400 53 o -0.625 -o.185 i
17 -0.050 +7.458 -.400 54 0 -0.625 -0.397 !
18 0 0 -.300 55 o -0.625 -0.595

19 o o -.200 56 -o.o_0 -0.625 -0.800
20 0 0 -.i00 57 0 -0.625 -0.595 •
21 -I.000 0 0 58 0 -0.625 -0. 397

22 -0.500 o o 59 o -0.625 -o.185
23 -0.I00 0 0 60 0 -0.625 -0.i01
24 -0.020 0 -.020 61 -0.500 -1.225 0
25 0 0 - 105 62 0 -1. 225 -0.102
26 0 0 - 188 63 0 -1.225 -0.202 _•

27 0 0 - 295 64 0 -1.225 -0. 386 I!

28 0 0 - 390 65 0 -1.225 -0.580 I
29 0 0 - 480 66 -0.050 -1.225 -0.800
30 0 o - 600 67 0 -1.225 -0.580 !

31 -0.050 0 - 800 68 0 -i. 225 -0. 386 _'

32 0 0 - 695 69 0 -1.225 -0_202 I
33 0 0 - 594 70 0 -1.225 -0.102
34 0 0 -.480 71 0 -8.083 -1. 358

35 0 0 -.390 72 0 -8.083 -i.187

36 0 0 -.295 73 0 -8.083 -0.990
37 0 0 -.188 74 0 -8.C83 -0. 791
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TABLE 2. - Conkinued.

INSERT II P.I.U. - 0H2 B TEST !

T/C No x* y z T/C No x* y zII II

_5 0 -8.o83 -.a97 83 +0.302 -8.083 0 i76 0 -8.083 -.488 8h +0.h99 -8.083 0

77 0 -8.083 -.393 85 +0.990 -8.083 0 i• 78 o -8.083 -.292 86 +1.502 -8.083 0

_ 79 0 -8.083 -.196 87 +1.996 -8.083 0
_;_. 8o 0 -8.083 -.096 88 +2.992 -8.083 0

81 +0.020 -8.o83 -.020 89 +3 990 -8.083 0
:_r 82 +0.092 -8.083 0 90 +4.993 -_.083 0 :,

i:

i

:J

_, _

!

. x__ measured from forward face of gap in closed gap configuration (T/C
x klmensions aft of gap forward face do not include gap width). Negative

x.. = forward; positive = aft. Add xii, gap width and x location of for-II
ward face of gap to determine distance from leading edge for T/C's aft
of forward face.
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YABLE 2. - Continued.

INSERT III

T/C No X*llI y z

1 0.50 0 0
2 l.h5 0 0
3 2 95 0 0

4 4.45 o o
5 5.40 o o
6 0.50 0 0

7 1.45 o 0
8 2.95 0 0
9 4.45 0 0

l0 5.1_0 0 0
ii 0.50 0 0

12 l.h5 0 0
13 2.95 0 0

14 4.45 o 0

15 5.40 0 0
; 16 O.50 0 0

17 1.80 0 0
18 3.3O 0 0

19 4.25 0 0

I

i

For i*x___ measured from forward edge of corresponding six-inch module.
ll ilocations of TiC s in P.I.U. see insert II 0H2 A or OH2 B locations.

I
26
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TABLE,2. - Continued.

INSERT IV _

T/C No. X'iv y z

1 6. ooo o o
2 6.000 0 45° radius
3 6.000 0 .1
4 6.000 0 .2

5 6.000 o .3 ]
6 6.000 0 .4

7 6.000 0 •5

8 6.000 0 .6 :,_
9 6. ooo o •7

i0 6.000 0 .8

ll 18.000 0 .0 ]
12 18.000 C 45° radius i
13 18.000 0 .i
14 18.000 0 .2 |
15 18.000 0 .3
16 18.ooo o _h
17 18.000 0 •5
18 18.000 0 .6

19 18.000 0 •7
20 18.000 0 .8

21 12.000 -8.085 0

22 12.000 -8.085 45° radius

23 12.000 -8.085 .i
2h 12.0o0 -8.085 .2
25 12,ooo -8.085 .3
26 12.000 -8.085 .4

27 12.000 -8.085 .6
28 12.000 -8.085 .8

29 12.000 -8.085 I.0
_o 12.ooo -8.085 i._
31 12.000 +8.085 0

32 12.000 +8.0 85 .1
33 12.000 +8.085 .2

34 12.000 +8.085 .3

35 12.000 +8.085 .4

*xI. measured from leading edge of insert which for this test was
mo_Vl station 12 inches.

27
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9
'±'AI_I2_2. - Continued.

INSERT V

T/C No X*v Y z T/C No X*v Y z

i 7.440 +5.000 0 38 21.945 +5.000 0

2 8.444 +5.000 0 39 22.945 +5.000 0

3 9.140 +5.000 0 40 23.545 +5.000 0

4 9.240 +5.000 -.ICD 41 13.171 -5.000 0

5 9.240 45.000 -.200 42 14.171 -5.000 0
6 9.240 +5.000 -.400 4_ 14.955 -5.000 0

7 9.240 +5.000 -.600 _4 15.055 -5.000 -.i00

8 9.340 +5.000 -.800 _c 15.055 -5.000 -.200

9 9.440 +5.000 - 60 46 15.055 -5.000 -.400

i0 9.440 +5.000 _h, 47 15.055 -5.000 -.6OO
ii 9.440 +5.0 h -.300 48 !5.113 -5.000 -.800

12 9.440 +5.000 -200 49 15.171 -5.000 -.600

13 9.440 +5.000 -.i00 o 15.171 -5.000 -.400

14 9.470 +5.000 -.017 51 i,.171 -5.000 -.300

15 9.540 +5.0C_ -.0 52 15.1_i -5.000 -.200

16 9.740 +5.000 0 53 15 !71 -5.000 -.i00

17 9.940 +5.000 0 54 15.186 -5.000 -.017

18 10.440 +5.000 0 _ 15.271 -5.000 0
19 11.440 +5.000 0 5_' 15.471 -5.000 0

20 12.440 +5.000 0 57 15.671 -5.000 0

21 18.945 +5.000 0 58 16.171 -5.000 0

22 19.945 +5.000 0 59 17.171 -5.000 0

23 20.729 +5.000 0 60 18.171 -5.000 0

24 20.829 +5.000 -.i00 61 16.428 -0,025 0

25 20.829 +5.000 -.200 62 17.428 -0°025 0

26 20.829 +5.000 -. 400 63 17.986 -0.025 -.800
27 20. 829 +5.000 600 64 18.044 -0.025 600

28 20.887 +5.000 -.800 65 18.044 -0.025 -.400

29 20.945 +5.000 -.600 66 18.044 -0.025 -.300

30 20.945 +5.000 -.400 67 18.044 -0.025 -.200

31 20.945 +5.000 -.300 68 3.8.044 -0.025 -.i00

32 20.945 +5.000 -.200 69 ]8,059 -0.025 -.017

33 20.945 +5.000 -.I00 70 z8.144 -0.025 0

34 20.960 +5.000 -.017 71 3.8.344 -0.025 0
35 21.045 +5.000 0 72 18.544 -0.025 0

36 21.245 +5.000 0 73 19.044 -0.025 0

37 21.445 +5.000 0 74 20.044 -0.025 0
75 21.044 -0.025 0

28

1974013474-033



'4

i__ f •

j _ TABLE 2. - Concluded.

_"] INSERT V

T/C No x*V Y z

76 17. 524 -.925 -.300

77 17.524 -.925 -.200

78 17.524 -.925 -. i00

79 17.539 -.925 -.017
80 17.624 -.925 0

81 17.824 -.925 0
82 18.024 -.925 0

83 18.524 -.925 0
84 19. 524 -.925 0

85 20.524 -.925 o
86 18. 563 +. 875 -.300

87 18. 563 +. 875 -.200
88 18. 563 +. 875 -.i00

89 18.578 + 875 -.017

90 18.663 +.875 0
91 18.863 +. 875 0

92 19.063 +.875 0

93 19. 563 +. 875 0

94 20.563 +.875 0

95 21.563 +.8'[5 0

*x measured from front face of insert which for this test was at model

st_tlon 18.

@ 29
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3
TABLE 3. - PRESSUPJ_ TRANSDUCER LOCATIONS

INSERT VI

N

Transducer No x y z

1 16.672 +8.000 0

2 21.341 +8.001 0

3 25.997 +8.001 0

4 30.670 +8.000 0

5 35.334 +7.999 0

6 39.997 +8,000 0

7 44.667 +8 000 0

8 49.327 +8 000 0

9 16.677 +0 003 0
lO 21.337 +0 003 0
ll 26.001 +0 002 0

12 30.666 +0 002 0

13 35.330 +0 002 0
14 40.000 +0.002 0

15 44.655 +0.002 0

16 49.328 -0.002 0

_' 17 16.671 -7.998 0

:;., 18 21. 333 -7.997 0
19 26.000 -7.999 0

_@_/I 20 30"668 --7"999 0

/"' 21 35. 333 -7.999 0

22 39.996 -7.999 0

23 4_.658 -7.998 0
24 49.328 -7.998 0

3O
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_J" TABLE h.

"_'"_;,_,:,.,.1 TEST : OH2 --.-NOMINAL DATE " .,_

REYNOLDSNUMBER Total PRESSURE STAGNATIONTEMPERATURE

_,, MACHNUMBER (perunitlength) (pounds/sq.inch) (degreesRankine),$'
.?_ .......

,5.1 .b,"(x 106/ft ..... lO 2000

..5.1 .81 x 106/,ft ,,. 120 .... 2000

• _.i ,i.14x 106/ft 170 2000

5.1 1.48 x 106/ft 2_o POOh

,• ,,,

,m

,,,. ,.

n I i n [ I I i Ill II

BALANCEUTILIZED: nnn_=, _'.h=....... "_,=R

COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:

NF ....

SF

AF ,

PM

RM , --.. ,,,

YM ....

COMMENTS:

0

31 "
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I

CARRIER PLATE )
.d"

27.060" _ --24.000"

3 PT AND TT VROBES (68.58 04) (60.96 CM)

I -
! I
I I I
I ' !I
I t

I r'*" -" I
I I_ ..................... : I
I I
I I
I i ,!, I
| : •

I

12.000"- _ ;--_ 42.000" r I :08 CM)
(30.48 CM (106.68 CM) INSTRUME

CONNECTIONS



Figure 2. -- MODELCOORDINATE DEFINITION ,_
*i

*Z .¥ '_
._

/-- xo y

" i

2:ote:All dimensionsin inches. _.
m

i

0. b Zh
W

DETAIL A-A

TC s (VARIABJ._ + 1/8p * 1/16p 0)

Z STEP OF PRIMARY
• INSTRUMENTATION UNI.

i .i

ALTBRNATE WITH SURFACE STEP

33

m
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Figure 3. - INSERT NO. 1 _

XI ,, 0 SMOOTH PLATE HEAT TRANSFER XI - 42.00
STA 12 STA S4

, i t I I [ I I I I ! I I I I j i t , 1 i I I I _ i--

(; _ .'- + :1,,: : "- ' !--_ - t '."- . _ ' [' " _- ' ; '"I ! i t t I i I J t i j i I t I I 1 I t t t
TC1 2 3 4 5 6 7 8 9 10 12 14 16 18 20 22 24

11 13 15 17 19 21 23 25 012.00

22 EQUAL SPACES T/C C/L DTMENSION " 1,S

24.000 t , ! I t I I I 1 1 j ' _ ' t l ! : _ _ _ _ e ! j ,' " ' ' ' '_[ ! ) I _s, ,- : _ ! &,• • .%6 . . _F I ) 6 ,_ ,l_l'l" _'[ " '%%.. : - _ ! ,,% , ) F :_,,..,

2'' 2'','oIJ I_,,,),,_ ','o'_ '_ ',,o,,Tr,,oTTC 6 8 2 4 8 2 4 8
27 29 31 33 35 37 39 41 43 45 47 49 .

,,zt.--.-7.4000-_.,91..--7 o4000 -_.4---7.4000 _ 8.085

.25 TCS1 $3 SS 57 59 :61 63 6S_ 67 A-4- 71 73 75

!
! Note: All dimensions in inches.

SEC A-A

/

ul.000

34 !_
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Figure 4. - INSERT NO. II

SINGLE TRANSVERSE GAP

l (PRIMARY INSTRUMENTATION UNIT) a

A G A °625 I
B D D. B _- ....

r)

_'.

¢.

_i S ON 4S ° LINE 67 _:_• _!
r;' 4 , _;!" 9 I0 II 12 13 14 15

l T I +!.

:,i SECTION AoA ,}:
i: 16 !

Note: All dimensionsin inches.

24 _ 40 U :-'-'18 1920 SECTION G"G !

ON 45 ° LINE 2_ 14742 P

3,0421 222 344 4S 46 47 48 49 ,:0 i,.I,.L.U Jt Jt £ ,I • J ,t .... .,,,.,I--

I

" I 31 SECTION B-B

i
i

, 35
I

i +
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ON 45 ° LINE 60-_

slsz -I ?" s8s9

54-_56
55

ON 45° LINE 70-_

"= 69
68

63-.---.-..---#_67

64 -I _66

t.. SECTION D2 - O._,

65

_ ON 4'_ LINE 81--_. 83 85 86 87 8_

i 82 84 88 9[0

rF, r ' ,-:80
_ -79

--_ 77 ..78
76

----------75

. _74 SECTION C - C
, -----75

-----72

•"---71

i

36 _ i
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- "" - " _ # m .......

l ..... k

¢

Figure 5. -INSERT NO. IlI 1

1 MULTIPLE TPJuNSVERSE GAPS

:)

6.000

PRIMARY

INSTRUMENT

i UNIT
i -16
13 18

12 3 45 7 8 9 12 114

------Im-

A B

kl

I

6.000 -I
4,$00 ,60U Note: All dimensions in inches.

,: SECTION A-A

TYPICAL
_t

L. 3.30 --"i

$ " 1.80 L .

I

f
; CTION B-B

' ' I D
. , 38
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NODULE A NODULE B

12 ON 4S ° LINE 12 ON_ ° LINE

10 FULL SCALE 20

MODULEC 22 ON 45 ° LINE MODULED
21 / 31

• ,, , ,

. , " 32
2324 5 26--'--

27'--"-- 3S
28----
29--

30--

J " i
39
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E

C C C

15.113 l.100 GAP-_

l "800 DEEP__ '00CONSTANT S _

._ 17.480 _._ ] FILLER FORE

ts _ 18.000 -_' AFT OF INSERT

Note: All dimensions in inches. X_ g 18.0C0

14 ON.45° LINE

' 1 2 5 17 18 19 20
" l _ [ 1
_ 5---- -----------_12
;. 6 ' 10 MODULEA

7---- ----9 SECTION A-A

34 ON 4_ °. LINE

,1 22 23/55 _637 38 39 40

26 30
_0 SECTION B B

2m _0 t.



" 1 Figure 7. - INSER.T NO. V (CONT_D) :
DIAGONAL GAP

s6 _,_x _z 431s.sI s7 s8 s9 6_o

::_ 46-----_t----so'- _DUL_c

4'T49 s_.CTZONc-c

F697_ 450 LINE

61 62

SECTION D-D
63

_79 ON 45:XLINE

0
_-$9 ON 45 LINE

SECTION F-F

:
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Figure 8. - INSERT NO. VI

PRESSURE INSERT

24.ooo .__
1

17 18 19 21 22 23 24
20

4,00
I

! t
._ 8 PRESSURE TRAP_SDUCERSPER LINE - 24 TOTAL

,,_i STATHEH Z08 ABSOLUTE

Note: All dimensions Lu inches.

i TRANSDUCER X INCHES TRANSDUCER. X INCHES

I 1 16.672 13 3S.330

+i 2 21.341 14 40.000
I

...._ 3 25.997 1S 44 655 ie | .

4 30.670 16 49.328 }

5 35.334 17 16.671

' 6 3g.997 18 21.333

_' 7 44.667 19 26.000

8 49.327 20 30.668

_1 9 16.677 21 35.333_+ 10 210337 22 3g.996
11 26.001 23 44.658

/

_ 12 300665 24 490328 :,

9

1.C)7401R.,17zl._n/I7
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TABULATED DATA
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