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RESULTS OF TESTS OF A DEVELOPMENT FLIGHT

INSTRUMENTATION GAS TEMPERATURE PROBE IN THE AMES

RESEARCH CERPER 3.5 FT. HYPERSOHIC WIHD TUNNEL

(IH100)

by

B. J. Herrera, Rockwell International Space Division

ABSTRACT

The temperature response characteristics of a Development Flight

Instrumentation (DFI) gas temperature probe were obtained in the Ames

Research Center 3-5 ft. Hypersonic Wind Tunnel. Tests were conducted

at Mach 7-3; total pressures of 200 psi and 100 psi, total temperatures

of 1500°R and 3000°R, and various probe attitudes.

Mr. W. K. Lockman, Ames Research Center, is acknowledged for his

technical assistance applicable to data and applicable to the prepar-

ation of this report.
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IHTRODUCTIOH

The purpose of test IH100 was to obtain the temperature response

characteristics of an existing Development Flight Instrumentation (DPI)

gas temperature probe. This test was performed in the Ames Research

Center 3.5 ft. Hypersonic Wind Tunnel at Mach 7-3.



NOMENCLATURE

SYMBOL

Frame Time No. (Sec)

Strut In Pos.

TTR(R)

TCL

TC2

PT(PSIA)

PT CELL 2 (PSIA)

TT(DEG R)

PROB i

DESCRIPTION

Facility timing (Sec)

Position of strut insertion system (90.0 in. =
Tunnel £)

Tunnel temperature reference in degrees Rankine

Probe center thermocouple

Probe sleeve thermocouple

Total pressure (psia)

Total pressure backup (psia)

Tunnel temperature degrees Rankine

Probe/total temperature ratio (PROB 1
V TTR J

PROB 2
/

Probe/total temperature ratio IPROB 2
\ TTB t



COHFIGUEATIOHS IHVE3HGATED

The model used in test IH100 was a vedge designed to hold the gas

temperature probe. This wedge was constructed of aluminum with integral

water cooling passages. The probe was mounted on an aluminum carrier to

which a .75-in. HRS1 tile was bonded. The sides of the tile were

protected with Thermos!1. The probe protruded through the tile.



INSTRUMENTATION . ' '

The probe was instrumented with two Tungsten - 5$ Rhenium/Tungsten

Rhenium thermocouples. One thermocouple was located inside the

central shield, the other was located between the third and the central

shields.

The thermocouples were referenced to a measured temperature in the

tunnel injection mechanism strut. This temperature was measured with a

Chromel/Alumel thermocouple referenced to 150°F.
I

I'

The data were amplified, digitized and recorded on the 3.5 ft.

Hypersonic Wind Tunnel Beckman data acquisition system.



TEST FACILITY DESCRIPTION

The NASA-Ames 3.5-Foot Hypersonic Wind Tunnel is a closed-circuit

blowdown-type tunnel capable of operating at nominal Mach numbers of 5,

7, and 10 at pressures to l800 psia and temperatures to 3̂ 00°R for run

times to four minutes. The major components of the facility include a

gas storage system where the test gas is stored at 3000 psi, a storage

heater filled with aluminum-oxide pebbles capable of heating the test

gas to 3̂ 00°R, axisymmetric contoured nozzles with exit diameters of k2

inches for generating the desired Mach number, and a 900,000 ft3 vacuum

storage system which operates to pressures of 0.3 psia. The test section

itself is an open-jet type enclosed within a chamber approximately 12

feet in diameter and ho feet in length, arranged transversely to the

flow direction.

A model support system is provided which can pitch models through an

angle-of-attack range of -20 to +18 degrees, in a vertical plane, about

a fixed point of rotation on the tunnel centerline. This rotation point

is adjustable from 1 to 5 feet from the nozzle exit plane. The model

normally is out of the test stream (strut centerline 37 inches from tunnel

centerline) until the tunnel test conditions are established 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-digital data acquisition system is used to

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

measure and record the outputs from 80 transducers in addition to 20

channels of tunnel parameters.



TEST PROCEDURE

The model was mounted inverted on the ABC 3«5 Hypersonic Wind Tunnel

sector.

The model leading edge was water cooled using the existing water•*•

cooling lines on the model. Installation of water lines to the model

was performed by ARC personnel.

The model was injected into the tunnel after flow was established.

The model remained in the tunnel flow core for a minimum of 60 seconds.

After each run, the model was allowed to cool to near ambient

before inspection and/or changes were made.

Shadowgraphs were taken during most runs, and are on file at the

Wind Tunnel Operations Group at Rockwell International Space Division.



DATA REDUCTION

The tunnel conditions were calculated using standard ARC programs.

The thermocouple outputs were converted to engineering units using

standard thermocouple tables. For each data point, the following ratio

was calculated:

Tmeas
Ttotal

Data are presented as listings of the time - temperature and time -

temperature ratio histories for both thermocouples.

13



TABLE I. RUN SCHEDULE AND TEST CONDITIONS

RUN

1

2

3

*
5

6

T

8

9

a WEDGE

0

0

0

0

0

0

0

30

30.

•A PROBE

0

0

0

0

he

JjC

he

0

0

Pt
200

1000

200

1000

1000

200

200

200

1000

1500

1500

2000

7.35

a wedge was defined as shown in Figure 2.

if/ probe was defined as the angle between the wedge longitudinal

centerline and the row of large holes on the probe outer shield, positive

clockwise.
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APPENDIX

TABULATED SOUKCE DATA
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'. . iff-. •:' N A T I O N A L
3.5 FT

A E R O N A U T I C S . AND S P A C E A D M I N I S T R A T I O N A M c S R E S E A R C H C E N T E R H O F F E T T F I c L D CALIF. *** P R E L I M I N A R Y D A T A *** "T '
H Y P E R S O N I C W I N D T i l N N H J i C T •)•>->

-• - C O N S T A N T SET 100 * G A S - T E M P - P R O B E M A C H NO.- 7.35 W E D G E ANG-0 P R C B E r ANG-0 - . . . . .",-. i;'.-- RUN~ 1/1

I "

F P A M E
NO.

•

3
4
5

7
8
9

11
12
13

15
16
17
16

' 19
2C
21
22
23

a p 4

25

•• 27
28

•flt 2,9
•" 30
V 31
•-••- 32
., 33
•::-. 34

35
". 36
• 37
•« 38
••:• 39
*r 40

$b 42

Psp^

T1M6_
( S E C )

.014

.515
1.015
1.51&
2.015
2.515
3.015
3.51i
4.015
4.51i
5.015
5.515_
6.015
6.515^
7.015
7.515
8.015
8.515_
9.015
9.515

10. CIS
10.515
11.015
11.515
12.015
12.515
13.015
13.515
14.015
14.515
15.015
15.515
It. 013
16.515
17.015
17.515
18.015
18.515
19.015
19.515

'WI&

Jf&l

S T R U T
IN PCS

4.94
4.95
4.95
4.95
4.95
4.94
4.93
4.94
4.94
4.94

47.47
47.46
60.46
90.16
90.20
90.22
90.25
90.29
90.30
90.31
90.34
90.34
90.35
90.36
90.34

• 90.35
90.34
90.35
90.33
90.33
90.32
90.31
90.32
90.31
90.31
90.32
90.31
90.32
90.33
90.36

'-; ;' ':

TTP. 1
( P )

54C.
540.
54C.
5*0.
54G.
54C.
54C.
540.
54 C.
54C.
540.
540.
54C.
54C.
540.
540.
540.
£40.
54C.
54C.
54C.
54C.
£4C.
54C.
54C.
54C.
540.
54C.
54C.
540.
54C.
540.
540.
54C.
540.
540. .
54C.
540.
540.
540. •

' ' 1 :"'• ...._.
, _ _ _

- H.A

•

. . . . .

. . , ....•—

542.

542.
542.
542.
542.
542.
542.
542.
54?,
542.
542t

544.
55C.
557.
566.
576.
586.
602.
617.
633.
649.
665.
682.
700.
716.
733.
751.
768.
785.
803.
819.
036.
853.
869.
886.
901.
917.
932.
947.

'".. - • .- "-^ •.- •"': ." /y-

f ^ M p ^ B A T t j f t t IN D E G R E E S / R A M K I N E
TC2 " ''- .

543. .
543t

543, . . - - '%?' - ' •
543. ' ' ' ' ' ' • • ' ' • '
543.
543.

.54.3. . _ : . . . . • - • ̂ . ,
543.
543. , .
543T

543.
543.
634.
767.
876.
968. • .

1042.
1106. ~ '
1158. - -
1202.
1239.
1273.
1304.
1331.
1353.
1372. 0 o
1390. in 3g
14C5. ' -SB S5 ' '
1417. . ; o ^
1427. O &
1438. 33 F
1446. . ~
1456. *^ J*
1464. -; - j* &
1471. • • . . - F- rn c-
1478. ~1 -
1483. . , I . - / - ' - . - ' •< V) .
1486. -
1491. ... ' . .->>: • • • • • -;• . - -. -.. - .

1497. - • " • > • • ' - - • • ; • - * " " ....:c^--i-.:..,r--^ -.-.,- V,; . ,,- - - .. -

'•-' > ; . ' . . - . . • , * '.,",'' r..'. . " . •

'."' . - • • • .'" ;.'-•: -.3. •••; . . '.-.. ••• " '. . •
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AMES RESEARCH CENTER MOFFkTT FlcLD CALIF. *** PRtLIMINARY D A T A *»*
i f. <i T . * y 7

C O N S T A N T SST 100 * GAS-TEMP-PROBE MACH NO. -7.35 WEDGE ANG«0 PfcOBE ANG-3 _ :' RUN \Jt-

JRAME
NO.

. 3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

20
21
22
23
24
25
26
27
26

•>. 29
30
31
32
33
34
35
36
37
38
39
40

<-JJ ' . -

:,-;. ••..':;£&. f
-^ .. - • '"*

Sfew'v

•̂£*i
- . .

PT PT ." " / PCH TT
CELL 2 < /P ( O f G R ) ;

(PSIA) (PS IA ) C7' (
2C5.9
205.6
205.8
2C5.8
205.7
205.7
205.6
205 .5
205.6
205.7
205.6
205.7
205.6
2C5.5
205.5
2C5.5
205.5
2C5.7
205.6
205.6
205.7
205. e
205.6
205.6
205.8
205.6
2C5.8
205*6
2C5.8
205.6
20S.6
205.6
205.6
205.6
205.6
209.6
205.6
205.7
205.8
205.8

r0î  . ,.'•
^*.'i};'" ... '

HS '̂- -
^fe:'3-
,^'- - •

2U6.1 1 1551.
206.0 1532.
205.6
205.6

1533.
15J5.

205.6 1536.
235.6 ! 1536.
235.6
205.6
205.6
205.6
205. 6
205.6
205.6
205.6
205.6
205.6
205.6
205.6

1537.
1539.
1540.
1541.
1544.
1547.
1550.
1551.
1553.
1554.
1554.
1556.

205.6 ' 1557.
205. 6 1557.
205.6 1556.
205.6 1559.
20£.6 1561.
205.8 i 1562.
aot.e
205.8

1563.
1563.

206.1 1563.
20b.6 ; 1564.
206.0
205.6
205.6
205.6
205.6
205.8
205.6
205.6
205.6
205.6
205.6
2d5.8 i

1564.
1565.
1565.
1565.
1566.
1566.
1566.
1566.
1566.
1567.
1568.
1568.

, . -S.-T . . .

I

PROS!

- .3542

.3534

.3532

.3529

.3529

.3526

.3522

.3520

.3517

.3511

.3507

.3513

.3544

.3584

.3641

.3709

.3760
.3867
.3962
.4C60
.4160
.4264
.4367
.4475
.4564
.4693
.4800
.4913
.5019
.5128
.5235
.5339
.5446
.5551
.5655
.5753
.5851
.5944
.6038

PRflBg / T P T A L T c M P E P A T U R E R A T I O
PR082

.3549

.3542

.3541
»3537 .:
.3534
.3535 •• - -- •- - - -

.3530 ;-.— - - ' '

.3525

.3523

.3517

.4CE6

.4942

.5639

.6230

.6706

.7103

.7437

.7715 -'— :_ . . . . .. .... _ _

.7953

.8163

.6355

.8518
.8654
.6777
.8896
.8985
.9060 . ; Q _^
.9121 Sj §
.9185 - ' «
.9240 0 ^
.9298 § Z
.9352 -n >
.9397 -. ''
.9435 £? ~O
.9465 fc ^
.9486 r- 2
•9514 , • -. ^
.9547 ' ' ' ' " -" •" : ' .' • • ' - - • - • • • • - . ~Z tZ

, ; - - . - ' " • . ' • " • : . • " . • • ' . • . : • • : " ' . - ; - f . ' ' - _ ' . ' " ; y .

. . . - - . • ' . - . . ... :• . ,..-...;.__...: , — . . . . - • • • • . . . •
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1r L .

! r '
• F R A M E! r • NO.

T '•

43
r •• 44

' .". 45
46

tr '• *7

$ •• 4e
f ., 49
f - 30

51
i - 52
I f » 5 3
h - 54

- 55
- 56

57
" 5 6

v'w " 59
ifO - 60

Ufc • 61
•A •• - 62

-/l .. 63
• - 64

65
66
67

, • 68
' • ? -» 69

• 70
'.-.-;-. 71

- 72
73-r- '.« • 74
75

L . • - ' 7 6
' ("""i. 77
• " *&' 78

. ' . :«. 79
•(:••£.-'• eo
L^^Ji
'f, &*:•,: :-.»S«..-.
^ir!g£/-£-A^tW

A E R O N A U T I C S AND SPACE A D M I N I S T R A T I O N A M E S R E S E A R C H C E N T E R .IGFFfcTT F I E L D C A L I F . *** P R E L I M I N A R Y D A T A **+
H Y P E R S O N I C W I N D T U N N t L T - S T > n

;- , C O N S T A N T SET IOC * G A S - T E M P - P R O B E M A C H NO. -7

TIME
( S E C )

20.015
20.515
21.015
2JLjL515_
22.015
22.515
£3.015
23.515
24.015
24.515
25.013
25*515
26.015
26.515
27.015
27.515
28.015
28.515
29.015
29.513
30.015
30.515
31.013
31.515
32.015
32.515
33.015
33.515
34.015
34.515
35*015
35.515
36.015
36*515
37*015
37*515
38*015
38.515
39.015
39.515

STRUT
IN POS

90.36
50.39
90.40
90.43
90.45

90.71
90.33
90.54
90.53
90.54
90*54
V0.52
90.51
90.48
90.46
90.43
90.41
90.36
90.34
90.32
90. £7
90.25
90.24
90. 2C

'90.20
90.20
90.20
90.20
90.21
90.22
90.24
90.25
90. £8
90.31
90.32
9C.36
90.35
90.37
90.36

r. . - ~-

TTR
( R )

540.
540.
S4C.
54C.
54C.
540.
540.
54C.
54C.
54C.
54C.
540.
54C.
54C.
54C.
£40.
541.
541.
541.
541.

1 /

TCI

962.
976.
991.

1005.
1319.
1332.-
1046.
1Q58.
1070.
1382.
1994.
11G6.
1117.
1126.
1136.
1149.

! 1139.
•• 1166.

1178.
- :! 1166.

54C. ] : 1195.
540. 1204.

54C.

540.
540.
540.
54,C.
540.
540.
540.
540.
540.
54C.
540.
540. -
540.
540.
54C. :

1212.
1219.

! . 1227.

1240.
1247.
1254.
1259.
1266.
1272.
1277.
1263.

.... . 1288.
. • • - ' 1293.

, . . I

, . . . • :

• • .; -~~" . .,:,.-. j

1296.
1303.
1307.

"• 1311.

".';" -.-.:. .- . • '•

.35 HEDGE ANG-0 P R O B E A N G f O ' . . " RUN ~*.~M

ff M p c R i T l ' B f I N D£ ' r B EtS ^ A N K l N c
TC2

1503.
1507.
1510.
1514. Q „.
1516. - . ° g
\Jiyn.. — ... .. .. ... . £5
isoa * fff1523. .- Q &*
1527. Q £.
1530. f ' 'SO ;E
1532.
1534. . . ^ ;£?
1536. ^ ••:-
1538. ' F \n1538. q '
1540. •=>? to
1540.
1541.
1542.
1543.
1544. -
1546.
1548.
1551.
1553.
1553.
1553.
1553.
1555.
1555. • ; .
1556.
1559.
1562.
1564.
1564.
1564.
1564.
1564. _
1564.
1566.
1566. ••-.' ' ' - ' • • " . •• •- ••• • : - ' • -• . l - : v - ' ' '
. - • - . . - - . ' • . _ . " ' . -. - . " • • / - . • ' , . ^ /. ' .. ; , . .' i . ", - .1 . . . - . _ . • , -
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T S ^ T ?s?

IOC * GAS-TE.1P-PROBE MACH N0.«7,35 WEDGE ANG-0 PROBE ANG«O - RJN lA~

FRAME
NO.

»

43
• 44

45
• 46

47
46
49
50

• 51
52
53
54

56
57
58
59
60
61
62
63
64
65
66

. 67
68

.«. 69
' 70

71
• "••' 72

73
74
75
76
77

.:• 78

r '80

i " 8l

G>.82

PT

(PS IA )
205.6
205.8
205.7
205.6
205.6
205.6
205.7
205.7
205.7
205.7
205.8
205.7
2CS.8
205.7
205.8
205.6
2C5.8
2C5.8
205.8
205.8
205.8
2C5.8
205.8
205.6
205.8
205.6
205.6
205.6
205.8
205.8
205.7
205.7
2C5.6
205.6
2 05. 8
205 .7
205.8

• 205.8
205.8

PT
CELL 2
( P S I A )

£05.8
206.1
205.6
205.6
206.0
205.6
205.6
205. t
205.8
205.6
295.6
205.6
206.1
205.6
205.6
205.6
206.0
205.9
206.1
206. C
206.1
206.2
205.6
205.8
205.9
206.0
295.6
205.6
205.6
205.6
235.6
205.6
205.6
205.6
205.6
205.6
2C5.6
205.6
206.1
205.8

i
PCH TT
19 (DE6R)

1569.
1570.
1569.
1569.
1570.

: 1569.
! 1570.
I 1570.

1571.
1572.

i 1572.
i 1573.
i 1573.
! 1573.
! 1574.

1574.
1573.
1574.
1574.

! 1574.
1575.
1575.
1575.
1575.

! 1575.
1575.
1574.
1574.
1575.

i 1575.
1575.
1574.
1575.
1575.
1575.
1575.
1575.
1575.
1574.

.-•' 1575. • '>;;••. •
. •—. r-,-V

| .'

•

i

.

. : PROB1

"" .6132
.6219
.6312
.6402
.6491
.6S75
.6661
.6742
.6614
.6888
.6960
.7032
.7100
.7172

: .7231
.7296
.7369
.7423
.7462
.7536
.7583
.7644
.7693
.7743
.7790
.7836
.7879
.7921
.7964
.7997
.8038

^8079
.8112
.8147
.8177
.3210
.9240
.3272
.8302
.3328

PRHBf / T O T A L T f M P f R A T U R E R A T I O
PROB2

.9577

.96O1

.9622

.9647

.9657

.9703

.9726

.9739

.9750

.9759

.9766

.9775

.9776
• 9760
.9784
.9795
.9796
.9601
.9811
.9817
.9831
.96*6 . . . . . .
.9660
.9864
.9865
• 9869
.9875
.9677 • : • ' . •
.9883 .
.9902
.9918
.9931
.9931
.9928 ' , • .
.9930
.9929 • . - : . •
.9929

• W * . - . - . ' . , - , - , , A...-. .- . - • • » . ••-:.».: .-•- - - . ' . . . . . . .
.9947 - • -'-• • • • ' • • - , ; > • • * • - . . ' - • . • - . . - . . . . . .

" , ' .' ,-;,"" -' „ , • - . ' - . . ,
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o
> •• .

r •

r«. -• •• . . . . . . .
.'. N A T I O N A L

3.5 FT

-^ • -• •- • ' . - ' - - •- •_ ,.'• ' " — " • . : ' '- .•'-•• ""- • . - "•'

A E R O N A U T I C S A N D S P A C E A D M I N I S T R A T I O N A M E S R E S E A R C H C t N T i R M O F F E T T F I f L D C A L I F . * * * P R E L I M I N A R Y D A T A * * *
H Y P E R S O N I C U l f c D T U N N P L T C C T j->-j

. ;; r C O N S T A N T SET ICO * GAS-TEMP-PROBE M A C H NO.-

• F R A M E T I M Er • NO.
83r •• 8<L
85
86lr •> e?

? •• 80
&" •• 89

C - 90

92
* ! • " 93

r - 95
96
97
98

• TK V1 90
• vt- 100
' W. KI

L A • 1C2
v ' 1C 3

• 104
- 105

£ • K6
- 107

.." 108
•• ' -•> 109,

- 110
'. ,;• ill

,- 112
.." 113

.-- 115
— 116

! - 117

• i£ - 118
e - 119

•£.£••• 120
-.^K~ 121
;fl^'^ 122

( S E C )

40.015
j40.515
41.015
41.513
42.015
42.515
43.015
43.515
44.015
44.915
45.015
45.515
46.013
46.515
47.015
47.515
48.015
48.515
49.015
49.515
50.015
50.515
51.015
51.515
52.015
52.515
53.015
53.515
54.015
54.515
55.015
55.515
56.015
56.515
57.015
57.515
58.015
58.515
59.015
59.515

S T R U T
IN POS

90.35
90.36
90.35
90.32
90.32
90.31
90.31
90.30
90.32
90.31
90.31
90.34
90.34
90.35
90.37
90.40
90.44
90.46
90. 4b
90.52
90.52
90.52
90.51
90.49
90.45
•90.38
90.33
90.28
90.26
90.22
90.19
90.16
90.17
90.17
90.19
90.22
90.24
90.27
90.29
90.33

TTR : |
(R) ' - TCI

540.
5 4Q.
£40.
54O.
54C.
54C.
540.
54C.
£4C.
54C.
54C.
540.
540.
540.
540.
540.
540.
54C.
540.
54C.
£40.
t40.

1316.
1321.
1324.

1332.
1335.
1339.
1342.

1345.
1348.
1351.
1354.
1356.
1359.
1362.
1364.
1366.
1369.
137C.
1373.
1375.
1377.

540. ! 1379.
540. 1381.
540.
540.
54C.
54C.
540.
540.
54C.
540.
54C*
540.
54C.
54C.
54C.
540*
54C.
540. '

•-

..i

1383.
1385.
1387.
1336.
1390.
1392.
1393.
1395.
1396.
1397.
1399.
1400.
1401.
1403.
1404.
1405.

7.35 W E D G E A N G - 0 P R O B E ANG-0 < '. • • - . RUN 1/7

T £ M P £ R A T ( j 3 £ JN Oc ' rPF c S B * N K I N C -
TC2

1566. .
1567. ' - <: .
1567.

1567.
t567.r- ' - - • - • ' " "
1567.
1567.
1568. '
1567.
1564.
1564.
1564.
1563.
1564,
1567.
1568.
1568. , . . . . - . . -• _ . . .
1568.
1571.
1571.
1571.
1571. OQ
1572. 5^ 3J
1573. _. S
1574. 2 62
1574. X ^
1574. 3? S.
1574. ' '
1571. ' ' «! "p
1568. fe o
1567. r- n
1567. 2 _
1570. •< (/]
1572. . . . . . .
1574.
1574.
1573.
1572. . . ,. . ,, ....- . ...
1571. • ; • ' . • • ; ' : ' - ;

^l^-s&r^ '̂ .- ' . . . C:f ••. r.j ':. - -r • •• • .- •-• . . • ' . • : : . - • • . - : - :V. .-.-•';- " ' , ' : • ' • " ••: ' ' •
j.. ."/-.. ,** .i^ii!'' •'

*G:^>3*-V! s^Si. ... .,.--. , - - • ' - • - . - • ' -•-• .;::'' " : ' ' : ' • ' • ' - '



r

O;
r '

r •

r ••

jt "

N

n

a

' _ ̂  M

4, Np a

A I
V

a

n

f »

' ' »

M

v', •' *

C -
0

t-i^r-'si
S l̂

— — ':~: •. ... 'v • • . ..' • - " -.-

/ - ' ; NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
3.5 FT HYPERSONIC WIND TUNNEL

•. •' ,<•?"••?'"?>.: • • '- . - • . •. •- "• • - • ' " '• • • :..'• . . ' • • • . : . . ,

Af.SS RESEARCH CENTER MOFFETT FleLD CALIF, *** PRtLIMlNART D A T A ***
T e C T 1 ; •,

CONSTANT SET IOC * GAS-TeNP-PROBE MACH NO. -7. 35 WEDGE ANG-C PROBE ANG-0 . RON l/g

FRAME
NO.

83
84
85
86
87
68
69
9(0
91
92
93

95
96
97
98
99

100
HI
1C2
103
104
105
106
107
1C8

* 109
110
111
112
113
114
115
116
117

119
: 120

SJ22

PT PT .J PCH TT
CELL 2

(PSIA) (PSIA)
r /P (DF.GRI
i ( '.

205.8 205.8 .'i 1575.
205.8 206.1 ii 1576.
205.8 206.0
205.8 205.8
205.8 2C6.1
205.6 206.1 :
205.8 205.8
205.8 205.6 ;
2C5.6 205.8 i
2C5.8 205.8
205.8 206.1
205.8 205.6
205.8 205.6
205.8 205.8
205.7 205.6
205.8 206. C
205.8 206.1
205.7 205.8
2C5.7 205.6
205.6 206.1
205.7 206.0
205.6 205.6
205.8 205.9
205.6 205.6
205.8 205.6
205. f 205.6
205.6 205.8
205.8 206.0
205.8 205.6
205.7 205.6
209.8 205.8
205.6 205.6
205.8 206.1
205.8 206.0
205.8 206.4
205.8 236.1 i
205.8 205.8 f
209.8 205.6

,205.6 205.6
: ZOS.7 206.0 1
sisSJKfifv. - v.;.- — -'

t 1576.
> 1575,

1576.
1576.
1577.
1577.
1577.
1576.
1576.
1576.
1576.
1576.

1576.
1576.
1576.
1577.
157 £*
1576.
1577.
1577.
1577.
1577.
1577.
1577.
1577.
1577.
1576.
1577.

i 1577.
1577.
1576.
1576.
1579. ••>•• : • . [ -
1579. Z •-
1579.
1579. ,.:,. U

\ '•• 1579. /•: -1 :

\ PRC31

.8356

.8382

.8404

.8427-

.8450

.3469

.8492

.8507

.8523

.8551

.8572

.8592

.8603

.3619

.8639

.8650

.8666

.3683

.8689

.8701

.8716

.3734

.8745

.8758

.8771

.8780

.8794
.8803
.8813
.8824
.8832
.8845
.8849
.8851
.8862
.8869
.8872
.8882

i .8899
1 .8895
-

PR082

.9944

.9942

.9945

.9954

.9945

.9945 - . . • - .

.9941 '

.9939

.9942

.9940

.9924

.9924

.9921

.9916

.9925

.9938

.9947

.9947

.9942

.9952

.9961
.9962
.9963
.9968
.9972
.9978
.9981
.9979 o ri
.9978 . ' ' nt Si
.9960 _ S
.9942 2 2
.9937 O ?
.9936 33 S
.9946 _
.9958 • - - . ; . . , *2 5|
.9967 fc S
.9964 • • r- m
.9956 : ; q ^
.9954. ... .. . ,.......,.: ,. .,-.-:..„•.: .. • -<w
.9948 • • ~ • • - . ' , . • . - • • : : .-..•" •"•>_.•:• • • . . . . - - . * . • " : • - , ' ' •

• .. -- tf. . ^.- ...... .-.. :••;.. 'v ,.... -'.v:;.. •>. • .; .- .)'•: :..-.., -.. . . . . . .

<i -rT^ZT



1

NATIONAL
: 3.5 FT

AERONAUTICS AND
hYPtRSCMC KIND

S P A C E ADMINISTRATION AM6S RESEARCH CENTeR MOFFtTT FIELD CALIF. *** PRELIMINARY DATA ***
TUNNEL T-<:T >,->

Q • CONSTANT SET IOC * GAS-TEMP-PROBE NACH NQ.°

r •

' r •
i 10

) w

f •:•

n

M

i'-cn»
-. -A -

M

n

> > • *

> " *

• r «
a

r r';!
„,„*!," ;»

FRAME
NO.

123

125
126
127
128
129
130
131
132
133

135
136
137
138
139

141
142
143
144
145

* -

'

&V"
•..v. • ".:;.-

TIME
(seo
6C.C1S
60.515
61.015
61.513
62.015
62.515
63.015
63.515
64.015
64.515
65.015
65.515
66.015
66.515
67.015
67.515
66.013
68.515
69.015
69.515
7C.C15
70.515
71.015

" - • •

- ,T."l.,-'-

'''\^

;;.;;J*.f
;.->•.«,££.

STRUT
IN PCS

90.35
90.36
90.35
90.36
90.35
SO. 34
90.33
90.32
90.31
90.12
90.33
90.15
90.36
90.41
90.42
90.48
90.52
47.65
47.63
4.95
4.96
4.95
4.9t

•

TTR \
( R )

54C.
540.
54C.
54C.
540.
541.
£40.
540.
540. !
£40. 1
54C. 1
540. !
54U
540. .
54C.
54C.
540.
54C.
540.
54C.
540.
£40.
54C.

I

TCi

1406.
i 1407.

1403.
i - 1409.

1410.
: 1411.

1412.
1414.

i 1414.
j 1415.
| 1416.
' 1417.

1418.
1418.
1419.
1419.
1421.
1422.
1422.
1422.
1422.
1422.
1421.

C-- '•?''.* '

- . ̂ . . "

- •'•"•I • • • • • • • •-.

7.35

TC2

WEDGE ANG-0 .PROBE ANG-0 - . . RUN ~l//0

TFHpPpAHj* F IN DEGREES RANKINE

1571.
1571.
1571
1571

. • . .

. .
1571.
1572.
1571.
1571.
1572. '
1572.
1571
1572

•

1572.
1572.
1572
1572
1575
1574
1572
1567
156C
1553

.
•
. ' i

.

.
1545.

O ©
•"*J 3S

O ^

^p

c - '
P S - . -
H „,
•=<•«" . • •

• ' . • . • : • • • ; - - • • ; ; • • • : - . > • ' • . - • . : • • • ' •
; - _ ../._. - . , , _ • - . •



toen

NATIONAL AERONAUTICS AM) SPACE ADMINISTRATION AMeS RESfcARCH CENTER HOFFETT FIELD CALIF. *** PRELIMINARY DATA ***
. " 3.5 FT HYPERSONIC WIND TUNNEL THIT ,,v

•) ,\

• FRAME
* • NO.

•• 123
* •• 124

• 125
• 126
•' 127
» 128
• 129
• 130
- 131
- 132
- 133
- 134
- 135
- 136

; - 137
J - 136
: » 139

• 140
• 141
- 142
- 143
» 144
» 145

•

*
^9 f f ,

CONSTANT SET

PT PT
CELL 2

(PSIA) (PSIA)
205.7 205.6
205.6 205.6
205.6 205.6
205.7 205.8
205.8 205.6
203.7 2U5.8
205.8 205.6
205.7 205.6
205.7 235.6
205.7 205.8
2C5.7 205.8
205.8 205.6
205.8 205.8
205.6 236. 1
2C5.6 206.1
2C5.8 206.1
205.8 206.1
205.8 206.2
205.8 206.1
205.9 206.4
205.8 206.2
205.9 206.5
206.1 206.4 i

... .. !.
205.8 205.8 0.00

.

ICO * GAS-TEMP-PROBc MACH NO. -7. 35 WEDGE ANG«0 PROBE ANG«O . RUN I///

/P ( D E O R )
I (

1579.
l£79o
1579,

1580.
1580.
1580.
1580.
1580.
1560.
1560.
1S8C.
156C.
1579. ;
158C.
1580.
158C.
1580.
1580.
1560.
158C.
1579.

C.CO 157C.

j PROB1 PRQB2

[ .8907 09950
| .891? .9949

.8917 .9950

.8915 .9942

.8924 .9941

.8930 .9946
i .8936 .9942

.3947 .9945
1 .8950 .9948 '
; .8953 .9946

.8957 .9943

.8971 .9949
.8976 .9951
.8975 .9948
.8963 .9954
.8985 .9951 ' ' '
.8993 .9965 ,
.9000 .9967
.9000 .9948
.8999 .9914
.8996 .9871
.8999 .9830
.8999 .9786

.716 .903

RADIUS(IN) 12. 9. 6. 3. 0.

- AVERAGE TEMPERATURE IN 12 IN.DIA., 18 IN.DIA.* 24 IN. OIA., 30 IN.DIA.. 36 IN.DIA. CORE.

.- • o .-•

" ' ' - , ' "

j-; • . ;.. ,;. _

*•*•'• ••' -

jtC.si.-j.
ii- " ,;:;.• • . ,

:.?>.? '"•
." ^ ..

-•&• '. • ••:

•" "•';': •' .

>-J>?;'

I I .993 .945 .945

O &

ffw O
- . - - . . . . . . . , . € = >

T* G?
E ***

*r



s^agtoi.wsiAuwH.fc BiwwAyifinrs- wo STOH
$££&&•'. 3,5 fi H Y P E R S O N I C W I N D T U N N E L

T EnpeR A T U Rg

. '̂ ,,̂ --m^^^m^^^^^

3.01560.30
3.515 92.<r7

t&mtw&i&mBK
;••*,;':;"••-.":—"î sas;..4^«:.-.-3(!:ir,;r'!SL*iSSi;i
<••>,-„ ':•..;-:-~: •f.'SKP: -5'S'.-----'.-»." i--":JS«f5S::

» •- ;iw - j-:gS'.-.:-. r*"--V.f.ii...;-X4Fi!l.-,5'«JB\a4BBKK!Sy-.:*..**i-, .< :̂;£.-.« ,̂rJi£—vwî -*"** , --•;<.v33£.,!£iwX^5£i
.-•; •;' - •»-.«!•'-:?••':Scr- .•••.•awi.̂ iifc'̂ Sr̂ -WSeiiS^Btti

92.65 540.
92.67_.540.

Z3 -1C.015 92.69 540.
24 If.515 92.71 540.

~~Z5 11.015 92.74 5TO^
26 11.515 92.74 540.
Z7
28

92.73
12.515- 92.71

34®.
540'.

30 13.515 92.65 540.

1 F" ;"*."*'?^

IM

32 14.515 92.57 54C.

&<£*.'j_3*
ffcn jg^;« ay

"T7~

15.515 92.48 540^

16.515 92.39 540.
17.U19

38 17.515 92.33 540.

40
Ib.Uld
18.515

¥2*32 740.
54C.

J>-!': 42
9 2-» 3 54P*

19.515 92.32 540.

1272.
1289.
1304.
1318.
1330.
1342.
1353.
1362.
1371.

;i 1379.
„, . 1386.

1591. ,.. . .. .... . .._t. >.,,,. .̂;. .,.,.,. v. ,.̂ ¥.. ..̂  .•lVJ^,.:;^-- .-. v .'....-•• T--.

1595. ' -• - • • : • ,.-j_- , - ^ "•&•••* J---' ' fc. — -' -••,* -•-. ' - «.-U -̂ ., . w

1595. •" ''••'' "' •'.;,.,•'">—"-?:. .i.ii.̂ -T'i-Vv-.'aTJ.V̂ *-. /i,>»».r..*;̂ ".̂ .-.-ft.. :-:.,:s" '•' .̂ ; .- •
1589. • - .... ...j, . ,-.,:• .-3,:., -...-.': i.Jfc, -•;;£&'- • •̂'---:' .-'-i- . -•*• :.--.-.••-• - ^

158?* -:. -.•_•: ,.;.. ., ,-~...--̂ , '...•&.,. •̂...••̂•̂••,.&̂&̂
X 3 if d • ' • ' '•" . J! *" ..T-"1' *'"*.' *' . •*\t'f '-™1- *"̂ "_ *,_•;*• TT̂ ĉ 7 ' ' -*•*•' * ̂ŷ  *•••.•*. - - • * "• '".-' -••-- • "• -'.•:. . : '' •"-

,L3VO» * '' •' '" ' *'" •*•*'•*.." ' . •"—.-.- . •'"»;-.-.• • x.s**». - •••*?"'• -•-" -*.••»— '*T* ' ™^*- — *, ' •• r " •--** ' "- -

1400.
1405.

1596.
1593.

1411.
1416.

1593.
1590.

f e ' . ' . : : i « . - r f A . r * N>-(flc*,-* ~ . -

^•jsj?" '^-•i-rv'r-.'i-' '-"•*-^>



:t'. '3.5 PT HTPSfiSOmC WIND TUNNEL
-- CONSTANT 'SE'I URT* GAS-TtHP-PR38E NACH

FIELP c .
wsr^^

""" ~"
HEDGE ANG-0 ;: PROBs

'..-»i.i. o33ai5fl*«M»-***B~"-—•-ifWX- *.•£««, .̂ n«wĤ p»f!!3lB̂ «̂il,~r-*̂ «?=- â!*B

il
12

15
16

A-'
"T7
18

20
TI
22

25
26

28
29;
30

"31
32
33
34
35
36

T7
38

1CQ3.7
1C03.5

It/05. 0
1C05.0

1C03.8
1C03.7 1004.9

-̂-,--'
' «X;-ti','
<• ... >i<£,̂

TCO3T5
1C03»7 1C04.9
1C03.7
1C03.6

100<».9
1004.9

1C04.0
1CC4.Z

1C04.9
JC04.9

1C04*2
1C04.3

-1CC4.2
24 1C04.1

1004*9
1C04.9
1C04.9
1004.3

1CC4.1
K04.1

1VW4.3
1CC4.8

I PCH

4̂v*-
TT"-''"--^
( D c 6 R i :
...... . .-.•••̂.̂

t.v....i... . 1606.
 ! r̂

»- is?t°-;"t
-̂•.̂ v1- 1605* ,,

1637. -7i
. .„ 1606.

1637.
1636.

: 1607.
jT, ... 16C7. :.,.„.„. 16D8> r

. "T!:.

-. ,••'"*."*-'

1607.
1657.
1606*
1606.
1606.
itot.
16.J7.
1608.
1609.
161C.
1638.

1C04.1
1C03.9-

1004. d
1C04.8

11,03* /
1C03.2

icu *! . 7
1C04.7

1103.7
1C03.3

ltd*. 7
1C04.7

1003.9
IVU't. 7

1004.7

1C03.7 1C04.7
1C03.7 1CO<I*7
1C03.6

40 1C04.C 1C04.6

1C04.0 1C04.6
- -..r-

1627.
1607.
1607.
1637.
1607.
15J7*
1637.

1636.
1635.
1604.

1603

1603.

1607.

, . ~.r^^^,^^^.,.^y;,.:,-. ^ i - - .
PB09E / T O T A L T E H P E R A T l i R E R J T T

.3366

.3367

.3367
,3363
,3372
,3366
,3523
.3782

,5954
,7620

.4089

.4413
.8439
.9043

i-UT .4758
¥ - 1 ' .5S.89.

.9362

.9547
.5417
.5732

.9644

.9707
-vl .6U24
;:*'l .6301

.9749

.9301
.6552
,6737

.9839

.9879
.6993
.7137

. 9911

.9924
.7356
.7515 .9936
.7665
.7831

.9921

.9917
79i6
8021

.99)3

.9932
.8112
.3201

.9921

.9933
.8278
• 8355

.9930

.9931

.8433
.9892
.9838

.8543

.8596

.8645

.9932

.9935

.9943 O

.8692, .9971

.8760 .9933 O ''v'"Jr, -'-•̂ "s""."-'-•?:ifr-.-'' "f»r--••>-••••

.8788

.8819
.̂ 9923
.9894

.CO'



i*;. ;•, J*£i»;-feSiSii.aMŝ iii-ii
^j^-^^K.yf^j'ff^^f^s^sj.i.

s*s.-
i'.S«ss3.u:v-.v-v

?*,?
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3.5 FT HYPERSONIC
ANO SPACf ADMINISTRATION ArteS RESEARCH CENTER HDFFgJT FIELD CALIF* ***_

HIND TUNNEL -~ 1 '-• •-• --. '--t̂ y. --̂i.- ;:,,-•: .;̂ î ^̂ îĴ feî iî n̂s«;«̂ S?a«g
gQTTSrANT SET lup

SB.il -.*:
*^GAS-T2f1P-PROBEMACri N0e = 7«35 WEDGE ANG-S PROBE

,,..-, £ .--V't̂ ^̂ r̂.-

. FRAHE -•' TINE STRUT TTR

fx*i*& ••*•**.-\te-tr-,--- •"'

'l *3
^ 44-

*5
:i 46

*7
~ 48

49
50
SI
52

., 53
•• 54

55
".'. 56

57
58
59
60
61

. 62
63
64
65
66
67
68

r 6V.
* 70

?l
72
13

".'• 74
73
76
77

•'•'•' 78
7V

*• 80
ei

-:' 62

Zl*bl5
2C.315
Zi.tlS
21.515
22*015
22.515
23*015
23.515
24.C15
2*. 515
25.015
25.515
26.C15
26.515
27.015
27.515
28.015
26.515
24.015
29.515
3C.&15
3C.515
33. CIS
31.515
32.015
32.515'
33. U13
33.515
34.G19
34.515
J9.B19
35.515
jc.wJ.9
36.515
J7.O19
37.515
Jb.U19
36.515
IV. Ui?
39.515

92.34
92.37
VZ.42
92.45
9Z.4B
92.51
92.53
92.56
92.55
92.56
92.55
92.5*
92.52
92.53
92.51
92.50
92.50
92.43
92.49
92. 47.
92.4d
92.48
92.48
92.50
92.52
92.54
vz. so
92.59
V2.61
92.66
Vi.67
92.70
V2.73
92.75
VZ.76
92.75
VZ. 74
92.72
V2.67
92.62

54C. -rXtiJ
3«."''«gr
54C. ••«?.
540. £*:
3 4C • :• if"
54C. '"***."
540* -i-;

54f. •'.i--
54C* ..
54C. •'̂ •.
54C. • '•'--:•
540. ir:-:^r

34t* ..V.
54C. ' v
54C. ,C
54C. ~sf.-
54C. v
54C.
54C.
54C. ....L
54C. .":
540. "•>
54C.
5«iC.
540. . ':•
54C. -::
54C. i
54C.
54C.
54C. *
541.
540. I'
>4t.
54C. '-.y
54C.
540. '-
540.
54C. •
54C.
540. :'•>

.. . -?!> Vi

— «•• •

^^^>->

. ̂  •'

: .,:. •

'

••1:

TEHPERATURE IN DECREES RANKINE
TCI ,. TC2

1419. 1590.
1424. 1593.

1435. 1591.
1438. 1592r
1442. 1592.
1445. 1589.
1447* 159)*
1449. 1589.
1452. 1588.
1454. 1581. ^

1458. 1578.
1460. 1579.
1461. 1579.
1463. 1573.
1464. 1577.
1465. 1578.- — -.'„
1467. 1589.
1469. 1580.
1470. 1578.
1471. 1574.
1472. 1573.
1473. 1577.
1475. 1577.
1475. 1572.
1476. 157>.
1477. 1572.
1478. 1572.
1479. 1573.
1480i 1571T
1481. 1573.
1432. 1568.
1482. 1566.

1483. 1566.
1483* 1563*
1434. 1567.

"•--7>,rttt-'
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N A U C I N A L A 6 R U N A U T I C 5 AND SPACE A D H I N I 5 T R A T I 3 N AN£S RESEARCH CENfER HOFFETT FIEL'fl CALIFS *** P R E L I M I N A R Y DAUV*i.,r;„_.„_„
" 3.5 FT H Y P E R S O N I C W I N D T U N N E L '-' . ̂ >.•-••-'-.^---.- -~v-r:^;?-^>^--^^^^^
... Ct»STAI»T__seT_lW * GAS-TEMP-PR38E HACH NO.-7.35 WEDGE ANG-0 -.PROBE RUN,*/£

—'—

11 J3.9 lcJ<r.O
U03.8 1CO«.6

1603.
16J2. -

1C03*6 100^.6
1C03.2

1C02.5 IC04.5
1002.8 1004.5
1103.4 1C04.4
1C04.0 1004.$
1C.03.9- 1C04.5
1034.1 1004.5
1C04.1 1C04.5

.9851

.9857 T
i. .9166

.9176

56
57
58

60
61
62

64

66
67
68

;' 70
71

1C04.2
ICO*. 2
1(04.3
1(04.3
1C04.0
it 33. 8
1C03.9

1C03?4
1103.3
1C04.1
1C04.0
1(03.9

1003.7
11 03. 7

1C04.5
1004.4
1C04.4
1CC4.4
1004.4
1CC4.S
1C04.4

1C04.4

1C04I4

•icSIU
1004.3
1C34.3

163C.
1599.
1598.

1595.

.9182

.9192

.9202

.9222
• 9243
.9248.

.9856 • ' .-„• .... ... . ::. • .:..,. ... -,.. - A
,9839 •• . • - — -:--.r--. -v v- :̂ ;̂ v«--r̂ -,:3v- -,•-. .v:. .-r

•93-36 . , .- . . -.. ...... .-:.„, :.-.... -«...... .. A- .•.i»;,,v̂...̂,. ..-,:/-.....-,.. '•
.9370 .-; •,:. -:••- . -.- • - . . . - :V .â t-\r:--T,:..' •̂ .̂v----ft̂ :̂ V̂.̂ A.'S»«5?:-~̂ »*-A- W.5i-.-. ̂."rv ..-••.

*9838' - -- •" - -• • --. ..•••• -'W .̂•"•<--& -.•••- ̂~:..̂- •;,*!& -^ •' ' ̂  ."Ĵ V- 2~ • ' •';. ' -••••„ t.9.853 - ' ' ' ' " *.••:• .--.̂. ;.-•• , v̂ . . - ,• «. - ~-r*-iT •. •••?'.«'-- : v̂i.'? -;.".."-.s" ' iv.̂ - £.1 .t ,-.-.-•";..; - ..-.-. .....:.- .

72 1C03.7 1004.3
1595.
1595.

.9257

.9264
.9843
.9856

74 1C03.0 1CC4.4
"75ICO^.V 1DU4.3
76 1C03.7 1C04.1
"77ItUi.B 1CU4.3
78 1(04.2 ICC4.2

1595
.9271
.9272

.9857

.9373

1593.

T V 1 1 0 4 .
80 1C04.3 1C04.2

TffJ
82

1CDH.3
1C04.1 1004.2

1593.
1593.
1593.
1593.
15931
1593.

.9278

.9299
9854
9356

.9331'

.9303
.9841.
.9831:

.9397
.9^25
.9332

.9313

.9315
•9829
.9837
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^*̂}*.S'*̂« **•**--* -̂ i-: ": •'frA'.xssaSsyisi-*-:. •'••

ADHIHXSTIUVflM . H O T ELD CkLIFo *** PRELXMZNAft KSasgaagu

?Ra8t HACri N0o«7035 «£06£

TINE STRUT
(SEC) IN PCS

TEMPERATURE IN DEGRESS

/sp. : >.*:. •-•̂ *':;;3S£^»5'?ŝ ^y':5S

^ •••̂ :""

- : ..,--' Q..̂ . ;

jj£•,.£ ..̂ ..•:-..,..•. ^-^T, ..'-• . i'.BJ''- •- "V-*-: s*4**ii • .~ ;̂̂ iit(¥i,i'*̂ r»*»i'?-.7ŷ :̂':."..•̂ îU.T ^Tij.̂  ''.• *jtlt", —
* ' " ' • • ' • *.;";• ' . ' -i. • _S-V ** '* - ̂ *- •""' ' -•"•' ' : *'.. "sS^ •". ' '

* *.



r̂ y§||||ii||pŝ ^
NATIONAL AERONAUTICS AND SPACE ADfllSISTRATION AMcS RESEARCH CfcNTER

3.5 FT HYPSFSONiC WIND TUNNEL ••:"-- -..--.-J-~--.v«.~ >~~>*f-:-*r>v~-w^ •>•?*•* *w*
HOFF.eTT FliiD CALIF. **« PRELIMINARY DATA, **«U3SH»

^.CCWSTANT..S£T ICO * 6»S-TEHP-PRJrit NACrt NO.-7.35 HEDGE ANG-0 ,. _ PROBE ANG-0;

f"

c
- -

$r PT
NO ».

(PSIA)
CELL. 2.

1004*2 1 GO 4 . 3
i 8*" ICO*. 3 1004.3 i?
• 89r--" 86
r . 87

ee
i 89
> 90
. 91
. 92
. 93
, 94
, 95
. " 96
i 97
. 98

99
. 100
. 1C1
. 102
• 103
. 1C4

. 1C 6
, 107
. . 108
, lev,
. 110

! 112
. 113

, 119
. 116
. 117
. 118
. 11V
. 120

• Jz2

1C04.5
1C04.4
1C04.4
1004.0
1C 03. 9
1C03.4
1C02.9
1C03.3
1C02.5
UC3.3
1C03.4
1C03.8
1COZ.5
1003.8
1(03.5
1003.8
1(04.0

•1C04.0
1C04.2
1C 04.1
1C04.1
It 04.1
1104.C
1004.0
1CU4.1
1004.2

1C03.9
ltU3«0
1CC3.9
1C03.9
1C04.0

1C03.9
KO4.1
1C04.0
ltW4.i
1C04.1

1004.2.,:
ICO 4.1 .-<?
1C04.3 :-
1C04.1 :

1004^1
;co4,i „
1C04,2
1C03.9 ;
1C04.0 i
1003.9 .

1CC4.1 :
1C03.9
1CC3.9
IOC 3. 9
iCI3.9
IC03.7
100 3. 7
1C03.7
1003.9
1C03.7
1CC3.7
1003.7
lt'03.7
1003.7

1C03I7
1CU3.7
10C3.7 ,

idjsi?
1C03.7
1C03.7
1 C 0 3 . 6 .
1003.6

1003.6 :•

. ,
PROBE / T D T A IT E M P E R A T U R E R A T 1

.9322 .9849

.9326 .9850'
.... .9327 .9353

.9339 .9881

.9357

.9361
.9859
.9355"

•̂Vttiitr-.-jf.iv-iii.i' .
.9360
.9372

.9844

.9858 *̂ >-T; „-.•••
.9335
.9394

.9878

.9658
.9398
.9398

.9933

.9821
.9435
.9412

.9857

.9864
?•••& •f̂ ^-jsfyjiftji&gS&rji S^^ f̂eg§§^£x f̂efe<s;iy !̂S;ft̂ S-.".-.̂ ? ;̂ '

.9410
.9877
.9353

.9409

.9410.
.9376
.9361,

.9424

.9432
.9369
.9857

.9437

.9443
.9651
.9316

.9453
.9833
.9852

.9456

.9454
..9373
.937*

.9456

.9473
.9372
.9832

.9469

.9476
.9868̂
.9875

.9479

.9481

.9494

.9499

.9496

.9496

.9493

.9493

•llll - • • - : • • . • • r . . - .*.. . .•-„-.. ,« ;̂.:̂ ^S .̂ lv.- . . * - • • - • ^ ' -
Ofl7fl r - " "- •• ' • " -o— • ' - • - • ' "r '• . -T'%£ •'^v-^-^*ri1 • -v-f--> • - . - • - • r_C- . .• ~ O f O . " •— ^- . . _ * . . -i «**• - •"" . " 7?7

O a 9'5 , . . . . . . . ••- -.•*- - \."--- - - - •
.9898 " • • • • • • ' "- : -v. •• ' . . .•• •••••.--. ~-.-s<£.: ' :-^f.-~'^-- • :f®;«-iiS r̂--.::x«. ..s-j: .i*̂  • - > - - .

.9330 • , :̂,;,.:/ ..:- . „..,«..; -^, - .,..«., • ,....-. .;.„,,: -„.. . . - .

.934'9 . . - . • - • : • • • •• ••. ' -V . -";-:-- ;•"*•:.> 'î »C'̂ aK.- ;,-.=«* .^v- --j'-f* . •. ;«,»;.- -,j.

.9791 •:- / -.,. - - . •. :.;.. ^=: ;., ... „ >^. .,»...., £5* -•- .;.-.• --.^ .-.^^ • - : • * - ••:•.

.-9796 : - ;V^:-:- '.- - ;•"• • ~ ••' • •'"• = > ? - . . "V..' .̂ ;-J. '^ -̂ MU .̂V :̂ - .ios., -!.̂ ..̂ .>-.>.̂ - - -

- . . .



A c K a n * u r i C 5 AND S P A C E A D M I M I S T R A T I 0 * A U c S R c S E A R C H C E N T E R HOFFETT FIELD CALIF. *** P R E L I M I N A R Y DATA»*t4MKsmnrailHMU«
3.3 FT H Y P E R S O N I C H I N D T U N N E L ---̂  -..«.^ .-..r ;..^ ••;- • '-••^•••"fflF»^y;<^^ "227 :^g

ICO * GAS-TENP-Pftattc MAC* Ndo«>7.35 HEDGE ANG«9 .^ .PROBE .

«*isi»ai.'*»s----<--"<>; • -•«**-••. -̂*-&':s«®t!**-iiA««̂ ŝ̂ *̂s*a8
'̂̂ ^^: T E H P E R A T U R E IN^ OECREJT^RANKINE"g

Ot.Cl? 92.70 541.
6C.515 92.67 «*1- '*

1Z5 63.C15 92.64 541.
126 61.915 92.60

62.CIS
62.515
62.015
63.519
64.015
64.515
65.&15
65.515
ftt.Qli 4d.61 942.
6t.515 43.62 542.
67.015
67.515

S.O5 5<t2.
5.C6 542.

i*.. .•.»'•><*;..' . -•Jv*4,-.:'i ''• Vsfci-;- v ..'.

,.-__i—__^;—;
r;i*fc. •-,'••:• -.V.. .-s.^-.-
:-•*«•.••.'•'—— :*^ -

: .



«MN«JT1CS" *NI> SPACk *DniNlS»AT13N

p
L

C

A D M I N I S T R A T I O N ArtES RESEARCH C c N T E R HOFFETT F I E L D CALIF. *** PREJLIHINARY DAT^
3.5 FT" HYPE RSOMC MI NO T U N N E t ' - ^--i ^^.•'--••'•^-•^V '̂-feSa^»*^^frw»g^^^^^^.i^^g ^*^«î !̂ eSmSS ŝstê SSitiiB îiSS^
C O N S T A N T SE1—I5IT» GAS-TcHP-PRjBE M A C H NO.-7.35 HEDGE ANG-0 .. PROBs

ssŝ ±,̂ ŝsf
%&S£8Sil&%&ffi&-$

p*̂ SS..'

126
> 127

123
139
130

> 131
. 132

133
> 134
> 135
. '136
> 137
> 138
• 139

1C03.5
It03.4
1C03.4
1C03.3
1(03.5
1CG3.7
1C03.4
1^02.9
1C03.3
1103.3
1104.2
1104.4
104.1
1C03.9

1C03.7'|
1C03.6
1C03.6
1C03.6
10C3.5
1C03.5
1C03.5
1CJ3.6
1033.6
1C03.6
1C03.6
1003.6
1C33.4
ICO 3. 5

1537.
1537.

.9509

.9592
.9344:-
.9342 ~" •"''-''•''• •̂ "•""~ ' :••••:•'-*»?•" ')K-ir.. =-̂ -i-?.J-*:̂ 3r!-'?p!cKc'!*j3g!

1535.
.95)8
.9516

.9874

.983$
1395.
1587.

.9523

.9513
19869 S^̂ "̂ ^̂ P̂ ^̂ ®??̂ ^̂1587. -M*".-.

1566. '"••!:"-
.9511
.9520

.9841 r.r*

.?827
1585.
1595.
1583.
1533.

.9526

.9525
.9859
.9804

.9531

.9538
.9769
.9745

•9532 .9713

A * t f * £ * R * A * G * E
1(03.8 1004.3 C.CC C.OO 1597. .352 .952

V * A * L * U * E * S

RAOIUS(IN) 12.

AVERAGE TEMPgRATURE IN 12 IN.DIA.» 16 IN.DIA., 24 IN.DIA., 30 IN.OIA.j 36 IN.DIA. CORE
L . C L O 0.000 .933 .967 .967

;•!"•" ""•/'""" .'••"•.."•



*H=i-!.v

f""

.i • i"i

:'**

^ir<

5..

H
Is

saf

• v:: .•£..;--•-!••

;.-.'*s»»ei*VJ&?J «

1 ' U

L ' '

r 1 • •'-•.'•=
• ' •' "'*

( . F R ' A r t E
» NO.

r - • • - .>*
•• '" ' •' 3
( . 6

7
8

( •• 9
••• 10

11
U ". 12

:" D 13
n 1^

V>" a5

R: 1?
'-A " 18

19
. . . » 2»

21
22
23

25
• • - - E6

C '- 27

• • ; ' . " • ' 29
W» 30
rJ1.""" "31
»:*.•• . 32
t. .„„•: 33

;-?V--"' 35

S^£&J7
• •"*••"" '̂ .."

llfen;<
^E~t-'- *'v' "^

'.-.•"•v-- ?:-""- —".-••

.jf^----£

'Vr&J-^r
o,;4.---.,.^;™,-r

^ " . N A T I O N A L A E R O N A U T I C S A N D S P A C E " A D M I N I S T R A T E A M E S R E S E A R C H C E N T E R MOFFSTT "FIELD "CALIF. » * * P R E L I M I N A R Y D A T A * * *
•-Zji • : 3.5 FT HYPERSONIC W I N D TUNNEV u , .-- ' > "X:

>-''•• COMST.ANT StT 100 * GAS-TE«P-P»n3£ .^ACH M3. -7

.';;....

T I M E S T R U T
(•SEC) IN POS

""•'rV6^4 5,07
"-;«515 5.06
~71.0i5 5.06

1.515 5.06
2.015 5.07
2*515 5.07
3.015 48.81
3.513 48.81
4.015 92.67
4.515 92.70
5.015 92.71
5.515 92.73
6.015 92.75
6.519 92.77
7.015 92.81
7.515 92.82
8.015 92.84
6.315 92.87
9.015 92.88
9.515 92.88

10.015 92.69
10*515 92.88
11.015 92.86
11.515 92.85
12.015' 92.35
12.515 92.62
13.015 92.79
13.515 92.77
14.015 92.73
14.515 92.70
15.015 92.66
15.515 92.65
16.015 92.60
16.515 92.57

* 17. 015 92.55
17*515 92.52
18.015 92.51

. 18.515 92.48
iv!9"*015 92.48
4il£?515 92.44
^Wft'---4-' - . ' -

! ' ' '

T T R
(R) J

54*. '-'-V. '
546. ....
546.
546.
546.
546.
546.
546.
546.
546. '"
546.
546.
546.
546.
546.
546.
546.
546.
546.
546.
546.
546.
546.
546.
54(.
546*
546.
546.
546.
546.
546*
546.
546.
546. If,
546. ""-i.
546* .1
546. •-:
546.
546. ''.V5-:

546. _

«f— — •- , _^— —
r- .. . •

"

''• t:

J TCI

.35 W E D G E AflG-3 PRO8F ANG.O " ' -'• • B(>KI ?J//

T E M P E R A T U R E I N D E G R E E S R A N K I N E
TC^

•• . . .= : 5 g i^ - 55",_ -" '•• 'r'-1".*^--' - • - . > . . '."x- -**-' "•'-'• ••• .'.v-"- -••• •- •" ' •; • : • • • ; • • - . - • -. -
.;... .-., .; : ' ... 551-.

550.-
551.

551.
55C.

552.
556.

" • • • - • ' • • • - - - . -564 . '
575.

j • 590.
• 3 • • " • • • 639.
^ i •'- •'• • • 626.

1 647.
i 657.
i!' • - • - •- 689."

.' 712.
736.

i - 750.
!'. 784.

839.
i 834.

, i • . 859.
i! 833.

•'- i . • 908.
! 932.

„• ' • - • • < 956.
979.

-. ii ' 1002.
1324.

.; 1046.
:'.. •» •" ' ; -: 10S8.

*' '*. -

... .jr.

-., '.€•:

... ::.. ,-, 1090.
••-•- ••-•=" ^ 1112.

>v- ..&:;%..,•. I"**

'•'•?•" "̂ ;T^ •: Ii9sl

•-i-^.-si. .•.«"••

• HI': •• '--• ̂ ^%:^^..^:;ife:>:i,:.^.^ ••-•^ ,;. :..•:-. . . .
553. - . • • • • • - .
553. •
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j^^Afei^ '̂S.f.iofr^f^^.-f .rfcjif^v ./ î «^^1s :̂V^ • f8336-^ •9H7^!%-ih'̂  - ; . ^ - ' - -'»:: ^-•v •;•;••' 4 '̂- -^- l̂ ;""-"^^j-^ .."'':.-'-" -^ ..^^ /-. • ' • • • . „ . ••' -v .

^̂ Si%P

Hgj
':%£&-,
<-*;-St;-

»

^

:$-'~'S&i'̂ ::
^4fcgssfe

: ."..iri.>>~.;Vi;̂ 5;''v

-=;̂ '-S f̂i*K
- .̂ .y,, .^

;̂-:;';l;-;̂
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1849.
1849.
18SC.
165C..
1850.
1651.
1851.
1651,

.8638
•86*9

,?«65V
•«865*

m
• 8657
.B66S

19327 ,-:'.:^;-
fl3g4'^'-'^--^ IS^^^1^^

.8667

.B»7? .nq? j
>.:*•':&:l*% • ^ f̂eSlî j:̂ :̂ :̂!!

.8674

..6681
.9320
.19311

•• :.-• -V.S'";.': j^. "^;• -Ju • '-'-i;*

-*-.-.
'^3-vv

-i.:"/*'. 5,;^
.•?«{'"/!, "tv"*-J

.8686

.8687
,9321
.93Z1

.8639

.8690
.9320
.93>1

1 '':.̂ -' ~.v'•• ~ ^V:*'-':"'f'.'.V^T •'.' ,i»'
-«r^ -.• ..

,i8690
«86?1

.9313
9313

.8695

.8697
,9307
,9337.

.8701

.8734
,9302
.9239

.8711

.8716
,9331
.-9309

,8724
.8725
i8726
.6725

,'9319
.9318
,9319
.9313

57"-

.8727

.3730
.9312
.9337

,8731
,8732

.9337

.9399

KJ TO
c >
> 0

,8738 .9312
E w
<isr



• .r..-ây e^ m § y Kfo't'̂ exc -^

1621. 1727.
1727.

1622. 1723. •=•
17?a.

• .','i&.jvv-:SB̂ @?

1622. 1725.
717.

1617. 1703.
1614. 1698.

J ••'



. • •-""'-'^rferOM5TASV *Ef3*i'60 Wrsf S-f

166 204.8 205.

204*8 205.4
204.8 205.4 - .8753 ^2M2

170
171

174

179
180
181

204.8 205.4
234.8 235.3

172 204.8 205.3
173 Z04.8 205.1

204.8 205.3
204.8 205.3

gg 176 204.8 205.3
A 177 204.7 205.3A.-TTF ~~204.7 Z05.1

2M4.7 2C5.li

1851 i--*?
1851.

1851

1851.
1852«"
1852.^;.)
1652.

r 205.3i
£04.7 2C-S.1

1852.
1853.

.8756

.8758 .19333

.8763
•*Kv;- '„:' 48769 • • *933T1—" "•"'-''"- - - - t " " > ~ • "?•' -'• • 'j •*̂ ^i%^^^4^sSitivS^Sî ^^1'1 '̂̂ '*'*";"""**''" =5S&~'T'*''̂ 1 *'"'•'" "^"^

-^" J_P f f 1 < TFjjjg - ^ ,_. ' _ _ L : l ''•._'"' ~' -''-?!'" '"'J^L'-IT'
 J

'" ''̂ '̂•"'1 - ' **
r
 -' *~ - ^ ' -'"Ji.—: "**

!>••.- .8772 .9338 ; » .- '.. • .,.-.. .̂ •̂.••rfs--̂:.-;':̂ '̂; -:*••>. ,'£.
f" '' .8772 ' .9342' -:-'..' ' ' '" ' \-'~'-•$̂';-':*?&&̂ ?̂$''r.̂  .̂..'

IS/1 I;.,-..8762 ; ,i9315 ^ .• ' '- .:- . - • . . - ; . . •\i-'̂ -̂ Ẑ '̂̂ f̂ -:': -̂~.̂
r.' .8749 .9274 : • -'- •''•-'*:-'-• ̂--;.'--"-;':"' :'̂  -' ''

.8731 .I92Z4

.8712 .9167 ;

204.8 205.3 C.CO 0.00 1839. ,710 .859

RADIUS(IN) 12. 9.

AVERAGE TEPPEAATUPE IN 12 IN.DIA., 18 IN.DIA,, 24 IN.OIA,, 30 IN.OU., 36 IK.OIA. CORE.
o.ooo o.ooo

o
-33-

-e-

C >



TINE / S T R U T ' " JTR^Sp&S
(SEC> IN POS'-'-Cft-r'-'-M

^g t̂-:"^5 .̂:f:?; T E H P E R A T U R E - JM bEfiREElr RANKING
rgfv*' TCf.<-S*.:L. ' - • _ - _ ; "... ̂ -•-:-.i^t-.4^^-v/Se^^^^<^^^;

,̂ -.,

î-isra*-'.
J<'-^"_

7*^fiVO^; |̂̂ «^^ |̂.Jf)
J-..~ 4' -;-it
•"'-'"'. j ';:?

•••; rr'?-
- 8

9
10
11
12
13

15
16

• 17
' 18
• 19

20
° 2122
» 23

24
25
26
27
28
29
30

" 31
32

•' 33
34
35
3t

.. 37

'i'l?!!'-
1.515
"2.013
2.51S
3.015
3.515

4.515

5.515
6.015
t.515
7.015
7.515
e.c-15
e.sis
9. CIS
S.515

It .CIS
1C. 515

11.515
12.015
lc.5]5
13. CIS
13.515

1 £ . i! : 5
If. 515
li.f 15
16.535
* f m *.

;:*fe§:
"47lA9

77.7*
90.42
90.40
90.36
9P.36
90.32
90.29
90.28

" 90.25'
90.23
90.22
90.22
9C.2!
90.21
90.21
9^.21
93.33
90.25
9D.27
90.31
9P.31
90.33
9C.34
9J.35
90.27
9;. 34
90.36
9f .35

iK?5|%,-5si:».

-':"{£

552.
551.
55?.
.,551. :
551;
SSL;

• S51-.--
551.
551.-
551.
551.
561.
SSI".

S5ll
551.
551.
551.
551.

sM*,
55l'l
551.
5 51.
551.
551.
551.

^^«^

'ff5» S57
•^s.-;K:,. .'.vS^r1 :;;̂  •
1^ i$S&>4iS?i?^?fc?» ~

560. 708
S&lv 785

. ' -;;.. - • . -' .-•?- - .•.--**;•-: •-•'-^ ^^••V2ff̂ i-*i'̂ ^ViA«®tt%\fS^ :̂'̂ ^
* --- •;v-'vV-:̂ ->^^ :̂4'?.;;?^^gM^^^^^^^i^ !̂̂ î1S^P^

.654,
Q>».

A.^pfe?-i^vv:rs;.'i>r; -
^r-g '̂̂ ^^y'"'''-585. . 1103.

^"iir-t:-'^"''" "^ "*^-'-;\ 690*. 12.03.
*•'-•••" •:'&>••--^r--•••**•.--«• "659. I?49.

•Wr—
: -'; ••—. • --—-«'.i. "'•Vv;^-Sv^j£''-*v^»-VK-Vi.O

a ^j ' •__-" • '._ i • ' V- '_-^T >*^!T..._l' L _ ^'^j •• ...t r-. . . -,.^;. . _ . _ . _ - _ . • *' '. /_lf~- ZZx#ltf??t*

619. 1288.
6£9. 1324.
641. i357.
652. 1337.
666. 1415.

1442.
-'feî iSssSH-i

694. 14&5.
7'Jti. I486.

39

725. 1505.
742. 1523.

•w \j
C. 3»
ta >̂

758. 1543.
777. 1555.
794. 1570.
814. 1583.

E m

ê  ̂ ^

832. 1597.
652. 1603.
672.
633. 163J.

30
39
40
41
42

It. MS
16.515
19.115
11.515

9V. 3, 2
9C-.31
9C.32
9C.31

5??!
552.
35?.
55:.

-. 935.
9'5 6.

••- " 977.
998.

1641. " . . ' -A •-- '••"'• ',. • -•.
1652. • .' . -'- V';- •
1661. . . - ' . . . ' . .;^.-f^^^%
1670. . . - : . : • . - ..-.- • • "-:.; •r^.^Jr*--

i677. " . . . • - • . . • . . . - . . • . - . • , : . • . - - • • • - ^^¥.,:v;



• '
i-f-̂ fff.̂ -m̂ KŴ &̂ M::u:.iĵ **Mre«ĥ r̂«i k*Wtfm?wim*̂ ti

"•»:?J.-FV ̂5'-flS,"'''v-''"̂ Jf*i<''- 'iV-'",'-•». ' i-vâ -r?'̂ -'' i'- •Jpjis?'"* >̂̂ X.*̂ \'£v!2̂ f̂ SfSflJ?!5?*si"1':"v

f̂ê if̂ ^̂ ŵ SeŜ ^̂ ^̂ ^̂ S:

204.6 205.4
204.3 205.4

10
11

204.6 205.4
204.3 295.3

12
13

204.5 205.5
205.0 235.4

15
204.9 205.5
204.9 205.4

16 205.1
_17 294,9-
16

A: 20
21
22
23
24

42

205.5
201.6

255.0 205*5
204.9 205.5
2^4.6 205.4
2D4.2 235.4

2ft*.2 235.3
..204.2 205.41

25
26
27
28
29

34"
32
33
34
35

37

2 C 4 . 3
2C4.8
204.3
204.9
204.8
204.8

..29 4'. 9

zcs l j
23-5.3-

2CS.1-
£05.4

205.4
2? 5 . 5
2C5.5
2C5.5
205.6
205.5
2CJ.5..7
2C5.6-
2:1.7.
206.0
2?6'.0
205.9.

a& 7i- 5.5 7f-.q
3v tui.j «:jc.u
40
41

205.3
205.3

206.0
2C6.0

205.3 2C5.8

1870.
. 1870. .
1873.

1874.

1877.
1878,;

- 1879.

1883
less
IBSfc
1637,
1888.

1891.
1893.
1394.
189t.
16'99.
190C.

1903.
. . 1935V

*&".2919
.2992 .3787: &
.2995 .»19Q

- * • ' - • - * • - , - ' ^JV-1""'' * ' - -~ '-'"''-'' ^-- -~ * __ /_ •*~t- • _ ' '_
.'."•- .''''•"';•>>-?• •^S^ '̂l?^^K!^^!'f^S^f:^^fjS^^^Jii^y^i'̂ ^^KK^^f^^^^^^^i

'' - . • . • " • . - . - • • j-.- . .. -• ''•-,''.. ..:- ^*, ' ~.•:•—••--.- ,~- : .:•--.- r.- ̂ .K-,^^.-': -..?;. , -g/fljgt

^-S»r--:.-t058. - .5274

• &5S9 •-'-''V-" ^-'-^'.•-•- -• *. ''. - -v*1 ̂  ;jC^u.̂ C'*^-x-.v>ri: '~:-*i':-,-^&^~'̂ '':~* '̂:i-i.̂ -\:-^
2a?o -; —-;"5' '•"••>- • '"-:i-"^^ -̂;̂ ^: !̂î sts;î *r;̂ :̂ ^*sas^Sar̂ f̂e ;̂saJi

m l t t V " ••' •' ' '• - • • • ' • ; • • - - . ' . . • - . -• - . . . . ' . . ...-;.- ,.-.:.,... ,;..,.

19J7.
1908,
19J6.
1909.
i912.
19'i4.
1916.
1917.
1918.

?«r--a&7 .3084' .5534

**-•• . ••• - •• - ••• • • • • • . . . ....,.- ,.,,-.-..,... .,..,

"I '-'W^^K^-:^^^
iil ..̂ ;:.. .J1.14- .5870^ ^ -_;, :^, ^ ,:;: v •+., ̂ v -, ;:,,̂  ;:„_.,..,:...: -;.v :. .^^^^K^r^B^aej
?i|j • i-__*ai5J . A 1 4 7 - - - - ' : . - - - - : - . . . . " . . . . . • • • - . - - r - . - - "-:-'.v>^/" f t - . . - - - • - . . ' . r \-^^^y--'-^:.^fflgl;r^,^,=s,.,

^^UI-':^;'^-^'"---^''-^^^^
.3283 .6'335 • - - • • • ' ' ' ---'3?*
.3334 .7020
.3396 .7191
.3456 .7349
»3525 .. .7493 . .._ _
.3595 .7624

• .3667 .7739
• .3740 .7844 •_

.3825 .7937

.3936 .8323-

.3938 .8103

.4C65 -.81-81 QO

.4173 .8'2V9
^4270 .8310.

3
•D O

• 4S65 .8372-
.4465 .6428 "8¥
.4572
.4678 .-8539

-39-

.4782 .6534

.48r85 .8630
P~>"
^_§

.4992 .6668

.5298 .8739

.5204 .87t3

!„ »'l

«<'55 •-."j

'- J
»

.". J



SA!»s4&-iifti»Sa:̂ ,=?^?§î R îk^%isa

A ; .̂ '̂ ^W^pS^SSyipr*'̂̂ •:.v?^:Vfi|fioNAt?rafea Tp»et¥MlH>lYi?epfiyî
^̂ •̂ î̂ ia^S^̂ iS!̂ '<m^A>î !^^^^f!e.ilXiB t̂i'r^^^Sit̂ KlafSu^ .̂-',

"«• jsj-^v -. . .
• - * • ' • * —• • . l l f f — L • Z D A • - • ••" • • • - . • . -• "- • " . ' . • . • . • " • • • . _ - . . - . ti. _• — ? .-^_ _



CH-N3 .« r i33

.

M̂y'Ŝ ffCft̂
•SStt-SSir • <^r _.iii,"^_ ."-.>

FRAMED,
NOv "'"'

43

' - • . **•' J,

46
47
48
49
50
51
52
53
54
55
56 ..
57

^J 58
>«i 59

A 6C
'* 61

62
63

65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
ec

• 61
• 82

JPS1AL

" Iol3
205.1
2Q5.Jt
205.1
2C4.9
205. 0
2C5.3
284.9
204.7
204.8
204.8
204,, 7
204.2
2C<4.3
203.5
ZC4.2
203.5

204.3
204.2
204.2
203.9
2C3.9
2C4.2
2C4.1
Z04.5
Zf '4.3
204.3
234.3
204.7
205. C
204.9
?04.9
ZC4.9
2U<..9
204.8

204. 3

V . f t , - . ' . '

JPSJAJ. ;

•..205.8'."

205.*
205.7
209.6
205.5;
205.6
2C5.9
205.5
205.6
205.6
205.5
205,4
205.4
205. 3
205.2
205.2
2C E . 3
205.3
205.2
2C5.2
2C f . 3
2C5.1
205.2
2C 5 . 3
235.1
205.4

205.4
20S.4
205.4
205.5
2C5.-5
235.6
205.6
205.6
205.5
205.5
2C : 5 . 4

§1̂ -

rll 4'.̂ '
#'-'-F
-'''• , •-: -

•SI •^-"
-•*' i ^.'-T>r-

-.1 . .

-. i

'", 'I '

;

1925.y

1926.
1927.

1926.
1926.
1926.
1926.
1926.
19?7.
1927.
1928.
1928.
1928.
1929.
1929.
1929. I
1931.
1932,
1932.
1932.
1952.
1932,
1933,
1934.
1934.' |

.6861

.693?

.6999

.7C68
*7129
.7186

• .7245
• .7297

.7353

.7404

.7454

.7500

.7544

.7587
* .7623

,;7664

.9076 . . -.- . • . • - - . . - , . •- - -̂ ff̂ K-̂ -̂̂

.9083 ' ' ' " . rtSr-'Ajl' >••.•••--•-'••:

.9095 . • - . . . . .' • •--. . .Sg-.̂ -rff":/'*--.;*!,
.̂ 134 - ••- ,.- . • . , - - . . - '.. .... • ..• .: -#S:;v5fi»w:î -̂ "^

• 9114 ' •. ' : .. \ . • • :;~ ••:.-., - ?fe»F̂ S'.r> o,'̂
.9117 • - •••• -.-•;• *r*£--r. .-*••:••-.::...•>
.9122 • • ;>-'Kr:-\-- ;•.'._ •'"••
.̂ 128 ' ' •-•:: -̂i:-.:-"..-'.- •::',•!• -. i

.9131 • - - - •-•• -•: - --. -.,-?,:. •*--<K̂ -.,-:..,ij

.9139 - • - • • ' ' -"-'•:',- •:::•'•':•• ' .,

.9143 . . ' ' ' . ..... ,..,,*•;-., .AD:..:,.. '. , .'

.9146 2 Q "-' " '.9168 . . . -„ gg .̂... . .^ . ^ ,

.9i6'7 -BO -••"••• ' "••' ' ' •

.9173 O g ,.-,.--; ;.,- - ..

.9136 ' O is,-'--'-'* *••• *•?:••••'"'' '
.7704 .9194

.7781 .9214

.7813 .9221

.7846 .,9219

.7879 .9219

.-'J

1934. .7913 .9226



^̂gafty.̂ c- • •,.• -ys~:wCDNs» fÂ T̂̂ SM̂ '̂ ŝ̂ tt

IN PEGREES^RANKINE

*•'«'»=*•» Y^tkC - .tf""- —'££•*•> ' -.«î " Ĥar* '•- ''66 41.515 90i33 552.
87 42.U15 96.29 55?.

f̂ /̂ f̂̂ -̂ ^̂ ^̂ ^̂ ^̂ m̂̂ ^

" ICO 4t.515 90.18 552
49.015 90.19 552



ESS^S îSteî "-;̂ ^^
' ' ' ' '

~ - • - ~ - • - f - - - - - - • - - " ' r • - •.^.''c-i.'-*'

.8123 .19234
8139 .92?7

. •. •• r̂ . •*„ ——«.'•-*•., i_t»' •'• rs-.--.-»•.••'• .-.-..-...-_- - .-it*-y*
- - -.'..•-. •: - _ -iî :.*-«'-' "*"''. '* • V '• • *V *

.8228 .(9216

.8̂ 46 .-9221

.8264 .9231

.8230 .9234
tj_-:s'.r*Ts.s'- ; -j •-". -• • - , v-"-i"~-V*-" '"•• »:fi6Bu;H.:*-'ra:j"--i î V̂ -TS
>̂ >-=« M»K- - î V-i. r̂:,-«»?;;̂(S?S5ŝ?g;;̂^

.8289 .9230

.8298 .9230

.8312 .9227

.8326 .9233

.8335 .9231

.:8348 .9234

.8360 .9237

.8373 .9237

102
103
1C 4
105
U&
1C7
1C8
119
110
1.1.1.
112
113

' 114
• 115

136
117
118

• 119

205.1
205.0
205.1
205.1
235. C
205.3
205. C
205.1
?05.3
204.9
(Ot .C
205.1
214.9
204.9
204.8
224.9
20<i.8
205.0

205.7
205.7
2C5.7
205.9
20:>.7
2C5.9
205.7
205.6
205.7
2Cl 5 . 5
20 S. 6
205.5,
2C5.6
205.6
295.5
235.5
20 5. 4
205.4

TTO~
JJJL
1Z2

204.8
204.7



-'• .•̂ -?". CONSTANT SET-'-'4

^ * " '" '" ' " "flHES - 'CEHTER MOFPetf
^ . . . , . ,.,.,,. , , . . . . _...

»- GAS-TgHP-PRDBE tfACH NH.-7.aS yEDGE ANG.Q PRDflg ANG.B

|̂ S :̂

FRAME . TINE STRUT TTR
(SEC) IN PDS IR )•'••'

^^fe^-^B?^^ggm> ŝ*"*fe:̂ 'l TCI
TEMPERATURE IN DEGREES RANKINE .'̂ •

- - - - - - . - - - -

12*

126
127
12B
129
i30
131
132
133
134
135
136
137
138
139

•-/..

*9
150
is:

153
li*
155
156
157

_>
lie
159
160
161
162

123 6C.015
61-. 515
61.015 90.31 9£2
63.513
62.015

90.31 552.
90.31 552.

&&•+••?•:, .-' L

"'•?''5?--t.--̂ '

62. 515
63. CIS

90.29
90.31

552.
552.

•••*(-»

63.515
6*.P15

90.30
90.30

552.
552.

6*.515
65.015

90.32
9IJ.31 5S2.

65.515
6t.C15

90.31
90.32

552,
552.

67.015
9C.32
90,3*

552.
552.

67.515
6E.C1S

90.3*
9E.36

552.
5S2.

66.515 90.36
9C.37

5 f 2 .
552.

7C.015
9C.39
90.** 552

71.515
71.015

9C.**
90.*5

552

71.515
7t.Q15

90. *6
90.51

552.
55Z.

16591T
Ifebfi.

1798.
1797.

1661.
1662.

1797.
1797.

1653.
16&*.

1797.
1797.

1665.
1666.

1797.
1793.

•:l>:/?:!̂ :':.:& :̂5 '̂-±:-\i:i;̂ -;;S^^ |̂|̂
- .5'-. ': "^::- " ' • - ; • ^.-fcr- '•I 5 -V- • •lS-- -'',v ' - . •.'< "*••*: •. \* ^^V"*?-:̂ ^1^ '̂̂

16&7.
1658.

1799.
1799.

1668. 1799.

1671
1603.

:'..^4'--:^.

1672.
1672.

130.).
1633.

1675.
1601.
1631.

!-=>

72.515 9C.52
93.S*

5 E 2 ,

73.515
7*.f.-15

90.5*
93. S3

552.

7*.515
?;.015

90 . f 3
9C.5*

T.. 515
7<.015

5S2.
90.12

7t .5i5
77.0:5

9&.51
90. *8 55Z . !

1675.
1676.

1601.
loSl.

1677.
167S. 1601.

;ij
. r^a

1679.
1&79.

1802.
1802.

1679.
laoi.

1651. 1601.
1601.

77.515
7K.C15

90.*7
9C.*3

1632.
16&3.

1931.
1601.

7E.515
79.CIS

90.*2
9C.*1

5t2.
55?.

79.515 9~.37

1663.
1633.

1631.
1801.

1635.
1685.

1801,
ItiOl.

1636. 1801.



204.9-205;*

iVJft>.Aii:;^^^^^^->^p;^-'r^%-
3'T-.^^-.'_iii.-:-; :': 'v&^&ii-^alI;$iS^~^£f&î '*!!*!]$£

-XCiP—,i>, JJ^X.^-.^.-l^Jivi ," "j*. ' ::J^--~~'-~r^-
' * "' '."•~^^ •&-""'u -?',';-* ' '• -~»'V»lJi*-iSJK.*

.• "• - .•V.'-^5^^5f^
- - -"V-- i-v .-V-^1--! ..-



.1
^

L

'*>

o

o

10.
'•?

o

"'- ' '. 'cg :̂-'.Ci'.'.'i?'e:r-'1'.'-̂ - ^\;r" r̂ ^a^a -̂fr*.*?'!̂  '.'pr-r̂ grjKtyXigaigatiBfe^:'. •^fe^^s<;:5s*.̂ ;̂
• NATION*! AERONAUTICS AND SPA'gl''APKINlSTBkTiaK kiits'

-̂ ^
3.5 FT HYPERSONIC KINO TUNNEL '-.aV--.-^^.---.^---^-.---- ;.-i.ir> -,,7 -
CONSTANT SET 100 P pAS-TEHP-pft09E ''>uc*'''Na..-7.Vs

F R A M E
NO.

TIME STRUT
(SECI IN PQS

TTR
.

f̂̂ i|̂ |̂̂ -»̂ ,̂V . TEMPERATURE IH^OESREES ,

163
164
165
166
167
168
169
17C
171
17£
173
i7*
175
176
177

8C.015
81.515
81.015
31.515
62.015
82.515
83. CflS
83.515
84.015
34.^15
8^.015
35.51S
8t.015
8t.515
97.015

90.36
90. 3Z
9C.3C
90.29
90.28
90.27
9C.23
9C.23
90.22
9C.21
90.21
47.15
4.94
4.94
4.94

55"2.--'
552.
352. '
552.
352.
552.
552.
552.
552.
552.
552.
5t2.
552.
552.
552.

'J>£c* '•• '-'iT-l ' V ''-'.'"'-. i ' 'i M m\ *ff " " * - ̂  O »C •._ • _-_ _̂ ^ • ••'* _' j •"*. ft -J-'V*' / >—.~-.rt'-''
M
-'--'- •'• • "\ ,-JLjp.- -_> jy\ -'—i'̂ '̂j"i'__'

.;:,: 1686. 1805.
••'-•
if̂ . -1689,. «.--?isir̂ .iî ^̂ ĵ

1690. 1604.
Ifejp. IBOa.
1690. 1603.

. lain.
1811.

1690. 1604.
1637. 1794.

' 1635. 1783.

î • :̂ -iiar- vf̂ -/̂ r:-
-

O.

I- J



•• - -' - - - - - ii I '^ ^.i _ ;' l^i .,' 13 .~«'--~~- • . -' ".. .- ' ". . -- . . . . . . . .".„._''',

iy-K%';̂
MATlQKtL AEftnmtlTlCS • IMP 5P1EP inMTMYSTttiTtna "t«PS BPSPtt tPM rCMTCP -

'3.5 FT H V P E R S O K l C r W l N D
C O N S T A N T SET TOO : » CAS-TFMP-PPnaC '

i ^
M A f U Hri-«7-3'i WCnftC AMfta f t PPfiac ~~

0 T A I T E « P - S

rSB— .8668 .9266

. .

205.3 205.7J
205.1 23S.6J

.8650 .92)>

20A.9 205.6 O.CC C.OO

RADIUS(IN) 12. 6. 3.

AVERAGE TEMPERATURE IN 12 IN.OIA.* 18 IM.DIA., 24 IN.DIA., 30 IN.DIA.> 36 IN.OIA. CORE.
C.COO Q.OOQ ' .<?26 .897 .697

to
r7*̂

C J*
> 0



wwse"
555,

6.515 90.55 555.
17 7.035 <?r.'.59 5SS.

'•:-O, ;•• rvj= -A? • •> ?,.• 515 .90.. 61, . .5 S.5.«:
" ' . * * " ' . _-..,"-".«•*» * • .f T»L •'» '«^A. «•** *••' t--w.• 19

22
23
24
25

cV
>'•••- 28

29
30
31
32

r^47
^8^

P.-&15 90.59 5ST5:.

.90.58
.9.515 95.54 555.
K .015 . 90.<i8
It.515 90.45 555.
12. P3 5 9 f . 4C 55g.«

•26 13.515
..I?. MS

555(
55fj

lE.i.15
IS.tlS

90.30
97.28

12.515 9C.27 5E5.
I f . f i b <):-.Z7 5^;.
I<r;iil5 9S .27 55J.

^£^y's:''* '̂-»-£"- •.•^frtL_33^£^

^€^^^:^

. 33 It. 015 9?. 29 555.
34
35
36
37
3d
39

'*•"*$£•

42
43
44
45

I f l t l S
li.515

i7.?15
IP. CIS
16.515
IS. (.15
19.513
ZC- .G1E

I: I L I S

9'. IsS

9^4il_
93.42
9C>.42
91 ,4i
9C.39
9r.38
90 . 39
9r..3d

55*..

III'.
i f f .
555.
355.
555.
bt i .
5 1 f .
555.
55S.

• 46 21.«-1S Q C . ^ 6 SS5.

2 ? . i l 5 9 0 . 3 9 S T F

. . '̂ ;--̂

"• '11?9. 1839.;' ' '"*• " '• Q <£ ^ '' •"•••- '.'•'." '', -::•.-• • •*$» *•>,•*•. • • - . ~- " -. -*•••,!*;•; "r^?^v

.... • 331171. 1854.
1212. 1665.
1251. 1673.
12»0. 18S3. .
1326. 1891.
1363.
1397. i9i7.
1429. 1915.
146C. 1922.
143C. 1929.
1518. 1939.-
1545. 1945.
1575. 1951.
1594. 1952.
1616. 1952.
1637. 1952.
1656. 1953.
1675. H57.
1692. 1959.
173.6. 1961.
17.22. 1961.
1737. 196V.
1752. 1968.



^T^^m^^^^^^m^s^.w.--• • - . - . . : • - • - •

,' • ' •„ ̂ •••̂ .;£ig&g&f̂ ®
,-' - ' •' *' V ?%V\> ̂ tt$S?j&i£k

;??" • - • r.-itxtt ir-,<MKjra;.M.'. T'.'*iOSjvsldaKH a - -

SSf'."'̂ fl>".̂ ^"

"•gySy-" ^48g2 ^B^&^:^^"^J--^.--;-~- ^r^v^^.-^-^aJ^

.7241 .9530

.7385 .9554

.8177 .9643

.8269 .9656

id
39
4C
41
42
43
44
45
46
47
4o

<: J4. v
« i 4 i O
Z C 4 i 8
i?4.7
Z->4. '9
?04.:9
i •. 4 . 9
t;)4. 8
204.7
2(-*.-7
134.9

VJ ~»3

23 S'i-5-
20 i. 6
2C 5.2
2C 5 . 1
205.2
2V 5. i
2? 4. 9
2C4.9
2C5.1
205. 1,
.'J • _y,

2032. •.•-w,.Ĵ i.>.;--:-i-A' '.'.;. •-• -. .
• " - -f • -.' ' ' M »..

.'"....;;;'. :'-f?':.-:;""\..V".v



A^^^^ -̂̂ y«^P^^=^^^s^

1863. 1983..

1399. 1981.
1891. 198?.

&•H
A"

c?
70
71

73
74
75
76
77

33.CJ5
33.515
34.C15

31-. CIS

3t.C15
36. bit
37.115

YD •

9C.

2?..'

90.
9v.
9" .

36

11

tl

39
37
37

5 D *• •
55.5..
55 = .

5551

III'.
555.
555.

O

&

76
79

3 7 . 5 J 5 90.37
9?.38

355,

5 5 E ,
HO
61 3S.C15

90.39
9C . *C

1397. 1986.
19PC. 1983.
1930. 1989.
1933. 199?.
1905. 1993.
I9J.7. it91;
195,8. 1991.
19S9. 199?.

62
83

3?.5i5
<«f ,r:5

9C .<
9C . <

5i-5.
555.

64
85
86
87
88

41.015
4i.5l5
4^.0:5
4£.515

9C .5<:
9C.59
9L.59
9?. 5 6
9C .53

Sit .
555.
55i.
55i.
555.

1911. 1993.
1912.

-v^ ,
•-' '."*:-.v-

1915. 1993.
1915. 1994.
1917. 1993.
1918. 1991.

M



S* -
55
56
57

204.9

- . 59

&:&.* .204.9
204.9

*.2
63

204. 9
204.9

64
65

204.9
2C5.1

*jr 66
M 67

204.9
2U-4.8

63
69

204,7
204.9

7C
71 20A.9
72
73
74
75

tC4.9
2^4.9

76
77

2CJ4.9

fd
79
80
ei
62
63
64
83
fc6
87

^'j^.v
2^f .2
2J4.9
2C4.9
i'ji.i
2 f V 4 . 9
20H.9
204.9
205.2
205.2

iU3*i
205.6
2i 5 . 1
2C5.4
2rt.5
2Df .4
235. 4
2C 5 . 5
20 5 . 5
2Ci..4

-•• •
.9699
.969.5,
.9638

9636
'

.9696

.•9730
,dS
-;i«"'̂

.9710

.9735

.9710

.9716
• •9725
.9722
.9722
.9723
.9724 . •.«*;;••:
.9730
.19722
.9723
.9726
.(9727

pfr-'-.V.*te^
.9359 .19715



_ ; -:N: ^a-ffi; •CDH.5TANT:>5ETfi.:H|e':;* --fiXSrTg

'. ' '.--ii1!'•• -.i-- r->.-'~.£:53&v^ii!;>.A;>i3^.;25BW.J:J^»<2iC'

6 9 - . , 43.. 015 : i f c t t -

5C.515 90.39 555.
51 ,i:i 5 91.36 55f .

. 116

• 118
• 119 .
> 123
- 121
• 122
• 123
• 124
• 125
- 126
• 127
.. 128

56.

5 f l
jt .

5V.
bl.
61 .

6?!
5< •

f i 5

ill
515

5.5
015

r i s

ill
i!5

9^.52
9t . 47 .
90.40
90.34
9'.'. 2 «
93.25
94.23
9?. 24
V0.26
9.;.3t<
9C.35

90. 4C

III'.
Sit. :.

555. i;

5"' ii
555. .1

555. ; ;
555. :

3 1 i. i



'*t^rtJ ^J '̂<—.-kjA«V*.—*C2

l̂ ^ws ;̂/̂ t|o;,i: A _JL^J

(PSIA) ( P S I A i ;

93.-:-;̂  20^.9

96 204.9 205.4
97 254.9 205.5

3g :̂. •:?3S«i.̂ «**»
-*- -' - •-•«-—••- • V.1Q7W1

204.9 2C'5.3
204.9 205.4

.9430 .9785

.9431 .9796

- - V - V—TSp? ^vjafflr"-.-. r-i .*,:-«:
r9439 .9772
.9441 .«?780
.9445 .9733
.9452 ..9783
.9457 .19787
.9461 .9783
.9467 .9768
.9474 .9770
.9475 .9766
9473 .9765
.9480 .9759
.9435 .9771

.9490 ..9769

.•9493 .9771

• It? £.-.4.9 2p;.a!
ICil

' Hi 9

• 111
• 112
• 113

• 115
> 116

>• 113
- i.39

- 121
• 122
• 123

• 125
• 126
" 127

zSJle
EV4.9

204! 9
U4.9

" '̂J

"<.•: 4^9

234.9
2C4.9
204.8
C—..9

204"~i9

Z f 5 . l l

205.3:
20S.3,
205.3!

2U5.3!
2CT.4

205.2.
275.5'
2:5.5:
205.5;
2CF.3'
ci't.3-
2l> 5 . 4.
2C 5 . 6,
23 5 . 5'

123

2C5f i
2C56,
2C5t.

.9497

.9497

.955:2

.9772

.9731
,«735

..' • • . ; " - - \~. f\ .: ••--,. -̂ S,;̂ !!:, A3 4-, v
•• • • ••••. :•- •••'•" •- A • • . - . - . - ' - ..• •"!••—••• . • ' -.- 'Sjs&ssî ^rs-' •-."•.

. . ,:;AJ.̂ .. ; ; - - ; : • ' ; ". "^^ •/'^@r^"?^



?L dLuft.'M k. *J*SJ%-*i::iaA.fc.:l.£3'.i,t*!EI
. .

(SEC) IN «>DS":



3 .5 !FTi:*B6jap .̂ajpf!B
y .; ...- X- • • • . ' • • CflNST.A-NTgSE.ft.;..ffl<>- •*- -ĵ S^p-HP-PJ

234.9 E05.3
Z05»2 205.5

203.2 205.4
2C5.6 i



\'-"\ "^•&&::z:\Z£^^ff&"*:-^yss '̂y& '̂i.t̂ &fe>-.^;:vxA,~-,-'f :^^^^^^^^^^X^^^^

• NATIONAL AERO^uTlCS^AVtP^s'PACE ADMINISTRATION^AHEs"
, .3 .5 FT HYPERSONIC. WIND TUNNEL .. ;_ .'. , . .,4

CONSTANT SET 100 * GAS-TEHP-PROBE MACH NQ.-7.35 MEDSg ANG»9 PBHRP

' - ' - " ' •:—* •••*. -1-- *•• "-

TIME STRUT TTR
( S E C ) IM PQS

TEMPERATURE IN DEGREES RANKINE ;••
• '-• ' • • - • • ••••^: .~ ' : - - • • . . - • .•"..•r--.v.'?-a-««4-.-^K.*:-vi.--:-r:

83.015 90.53 555.
84.015
6«».515

-^-'^'---~'^^



. , , . • • . . r , . - - . . , . . . . . - - - . . . . , - - • -
N A T I O N A L A'ERONMITICS AND S P A C E A D M I N I S T R A T I O N A*£S B E S f c A S C H C E N T E R M D F F g T T F I E L D C A L I f l >»*' P»J=t"l»mHLftY DlT?**

3.5 FT H Y P E R S O N I C W I N D T U N N E L - . ----., , - ....... ,.--^ f 1 ~
. CONSTANT SET ICC* GAS-TEMP-PROBE M A C H N].-7.35 MEDGS ANG.Q PROBg • ANS-P ' -r^";i'L?.-^-'̂ : "^^"

. F R A M E PT PT
~ NO, C E L L 2

( P S I A ) ( P S I A )
169 205.2 205.6

2C5.E 205.7
172 204.9 205.5
173 205.2 205.4
174 ZC4.9 235.5

PCH TT

:i\ •'- ^ ;2065.
Z067.
2067.
£067.
2P67.

175 £04.9 205.5 2067.-

T - ; . > i L - . P R 0 3 E / T O T A L T E M P E R A T U R E - R A T I O
:;'.yT- PR OBI PR3B2 ' ; ___-:• -

.•9837
.95<»6 .9811

.1031*
.9545 .9816

.9546 .9794

A * V * E * R * A * G * E
.c. 2C5.4 c.r-r (.or 2041. .ass .951

V * A * L * U * E * S

RADIUS( IN) 9. 3.

A V £ B A G £ T E H P E R / T U R E IN 12 I N . D I A . , 16 I N . D I A . » Z4 I M . D I A . . 33 I N . D I A . . 36 I N . P I A . C O R E .
C.C-CO C.003 .931 969 .968

00;;'
A :

o o
•n 33

-0



f#^*^^s»
&?.$&.•• MZ f:^fft=iratff

•nr/r-'.rri.-'.-'••>''---'J"" 0-»a ' 174.fc. • - v. \**f-f*J-.'f^ s-•-<•*
SO--'

10.--.. 3.515 .90.6,5
11 4.CIS 9P.69 556.
1-Z-V >-.-• 4.515 - «0-.-?!B
13. £.C15 90.72 S.S.fiiV

•Ov

16
17

fc.515 9t.76 55t.
7.015 9D»7e' 55t«

IF
19

7.515 90.76
9G.76

20
£1

f.515 90.79 55t.
9{r.TT 556.

£Z V.S15 Si .fct 55c. »
23 10.015 90^63 5£6. f-

?5
11.515 90. 6C 5.56.
1-1.015 90. 56 5S<.

26
U.llS

9f.5<( 556.

26
29

12.515 90.49
13. CIS 93. «7

55t.
5 £ f e .

30
31

X3.il5

55t
33 IS. 015 9C.<i3

35 It.015
90.44 5£6.
90.43 55t.

36
37

lt.i!5 9C.45 5£t.
17.C:5 90.44 SSt.

36
39

17.515
16.C!15 9 0 . 4 6 5 5 6 .

40
41

16.515 9C.47 556.
IS.015 90.48 - 5it.
1V.515 .9^.48 55t.

. -...,_!. • ' /7 . " - _ _ , - 7 L qfe p • --Xrip*? '̂ * -' "' ' • • . _ - • • '- :.'^-*-' _4ilJ^-V' ^*g^--^-'̂ '̂•^fv^ '̂V^Jy

1550.
1596. 2C73

2076.
-f M"- 1679.

1712. 2C83.
2v78.

1769. Z077.
1793. 2C6X. m
1815. 3069.
1833. 2C.91.

1878. 2i99.
2133.

'1931. 2108.
191C. Z1B1.
1918. 2099.
1925. 2100.
193E. 2101.
1937. 2100.
1942. 2397.
1947. 21QJ.

•.•-.::5»rrr<-.' -1952. 2101.

lu



^ "̂t̂ StfS^TfNlwMBlE^

^ ;• •• fcTiO -wivi'- ?'• •'T '"^-' •-•" ';• ": •,'-"-•' - • • - : • ; .V îi'tf»-rt»iSSf asiSsSfig* >Sr-~ t̂ Ss-ii-SS -̂i? -̂ ,~\: - - ,ji r-=?%@S:.v?gi5:gH^
.¥£,,. .orsw ...vjaa....;•.-,. Jr.-.. /•;• • .;-•. . . : ; • •• ̂ .^^r;^^.^sj:^WrV;svi^~~'r-; ^•i"^%«:^^^

999.5 It-OS.9
999..? ICO6.0
999.5 1C-06.C
999.fc If:: 6.1

<?99.c 1006.0 i
«> V.006,0

-^ ~v -•' J... "•--. • —" ~'T' ' "•" ^ •_ ̂ fJ^«82?3 .9731
.8327 .9777

996.9 IC'Pi.a
996.9 1 .8627 .9839

.8713 .9853

33

Is.

27
38

. AC-
. Al

999.3

999*6
99S.9
999.1

999.5
V99.A
999.5

IPOS. 7
1005.8 '
I.i« C' 5. 7
l-Cti5.6

IC.^5.7
1CCS.9
ltwS.8
icot.o

*£ 999.5 i»)i5£.2.

2119..
2)18.

2117.

2116.

.9C.1C .9910

..9052 .9935

.9̂ 91 .9917
9126 -1&-
.9451 ..9918
.9166 .9399
.9192 .9913̂
.9216 .9922

_̂ _2lfei--;c

:. 3



-•-.•-,; •.-̂ 4.-.*.r .- ;'.-.-.VV,'. --.^...: - ;_,

'̂̂ g ,̂̂ ;?^*^^^
.^ffe*^-^. - ̂ mo«^tft«fe>(rsy^r

K.-v „ ,„ ^..^;'..-9,.5 .ES.MR .
F-%^-. :- .^- —" CWSf^NT-rS

^aF^^tWffjfe'I^M^SBiEitf

- ^

,̂ ^ ;.. : --'•:£ ^--'̂ ^^^N^^^^^^^^^5^^^^ '̂̂ ^

O • FR*HE:^/ T I N E sTRUfe::TrR.^^^^^^^fa^s-|^Xfe;i :̂ i:v/^r^,^TE^ERATURE.,yiH/i;i)«|E|C^*WJ|«Bi

^ri^s^^i

••''^ife-^-^'-^'-i-^-l98"^- ^y-i*--1^--/--^' --^

1967. fe*w.. . .t-. -
1963. 2102.
i96C. 2101.
1957. 2J02.
1955. 2104.
1954. 21D7«

60
61
62
63
64
65
06
67
t8
69
70
71
72
73

'74
75
76
77
ve
79
et,
61
£2

29. tit
29.5^l>
3C.015
3l.5ii
3:. 0:5
31. -IS
3^.015
3 ? . 5 J 5
33. CIS
3:. ii5

-34. <,!•'.-
3".-li
3 s . f- : s
"if .515
3f .CIS
at. £15
37. CIS
37.ii5
36.115
3t.ii5
3?. 015
3".. SIS

9.'.. .58
93.58
9C.5t
90.56
9C.54
90.55
9C .54
9" . 54
90 .54
91. .62

•?y.-5-3 -
9. .i3
9< .55
9C.54
9v .S5
9J.5fc
90.57
90 . i 8
9C.59
9C..61
90.64
9C.6b

517.
517. '.
557. f
557.
517. !
i>57.
5J7. '
557. i
5t7. i
5t7 . •
^r-7-,-4
5t7.
557.
5i7.
557.
iit7.
5E7.
557.
5t7.
5f7 .
£57 .
5 = 7.

1953. 2109.
1953. 21C9.
19*3. 2i09.
1953. 2109.
1952. 21C9.
1953. 2109. ID

2iC9.

2109.
1955. 2106.
1956. 2103.
1957. 2213.
195S. 2116.
1959. 2116.
1960. 2116.
1961. 2117.
1962. 2115.
1963. 2113.
1964. 21x3.



IMw ty'-wlSp; TyMtiCv̂ ^̂ v̂ r̂**̂  ^̂ îii-̂ Sj-iaiSr $'*&̂

-•'• • ' - . ' ' • • • • " • • • .-.'-.-'••••;--•'•. .-..•!?; -V ,-:"••; :"^?r;K^;^\.-^---''-^;fflt:-''Y;i:?g^

.9 -̂  sfB̂ Sr̂

.9237 .9903

.9227 • 99.39
,̂  ,-:"'.' v,? -J*:>£

.9215 .9951

.9211 .99<>4
S99.C- lCOi . i>

1035.7!

99S.7 IOCS.2
<>9&.7 i.lJ'5.3 i

.9231 .9976

.9229 .9970

.9233 .9953

.9245 .9952

t"1 '"'" ' "."̂ -"j • • "'» " •



Vs^^«^#S^wS»:i'v*t'Jte&ii*!&£<

^^^^^^^^m^m^m^^^m^
''.' i-"*"l-;-

:sV;-.j: :??&& ••' -^^^ |̂̂ §^f^^v^^^A

^̂ ^̂ Ma ŷa'l»P^ATURE ;̂iL!̂ J)KlE|M?l
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