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Section 1 

INTRODUCTION 

This report describes heating data and data scaling methods which can 

be used on representative Solid Rocket Booster (SRB) and External Tank (ET) 

prctuberances. Each o f  the following sections can be used as a stand alone 

document of a particular aspect o f  protuberance heating. However, taken 

together the sections complement each other. The following section t i t l e s  

are: 

2. 

3. IH-51A Data 

4. FH-15 and FH-16 Data 

5 .  Individual Protuberance Data 

6. IH-42 P a i n t  Data 

ET Geometry and Heating Body Points 

All of the protuberances found on the ET are shown pictorially i n  Section 2. 

Data and correlative procedures for a large se t  of protuberance shapes are 

g ivev  in Sections 3 and 4 for ET protuberances and Section 5 for SRB protuber- 

ances. Section 6 provides protuberance da ta  i n  the context of the complete 

ET gecmetry. 

1-1 
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Section 2 

ET GEOMETRY AND HEATING BODY POINTS 

The purpose o f  t h i s  section i s  t o  provide the handbook user a se t  o f  

drawings o f  the ET moldline and protuberances and t o  define where thermal 

envlronment body points are located. This i s  accomplished by presenting 

f igures and tables tha t  define body point  numbers and locations on each 

component surface of the external tank. The f igures show desiyil body point  

locations on views of each component. Supporting tables specify the loca- 

t i o n  (i.e. XT and 9) and give surface ident i f icat ions (e.g. a f t  face). 

Preceding each subsection a l i s t  i s  given of the surface areas and protu- 

berances included i n  the subsection. The l i s t i n g  i s  i n  order i n  which the 

i tem appears. 

2.1 FORWARD CONES AND OGIVE 

This subsection contains geometry and body point  information f o r  the 10 

degree cone, 40 degree cone and LOp tank ogive (322.5 2 XT 852.8). 

2.1.1 Acreage Def in i t ion 

This subsection gives the moldline geumetry and related bo@ points 

f o r  t b e  1Oo/4O0 cone and ogive. The information sequence i s  as follows: 

a 10"/40" cone and ogive project ions 

0 10" and 40" cone unrol led views 

0 Acreage body point  table 

Several addit ional blank columns are given fo r  user convenience i n  the acreage 

body point  tables throughout t h i s  section. 

Note: A = Div is ion 2.1.1 on figures and tables. 

2- 1 
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341 .26 -18.76 ’ ‘180 = OT 

Fig. A2 Unrolled View o f  10 Degree Cone 
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i 120 

F i g .  A 3  1 Jl led  View o f  40" Cone (Actual Cone Angle = 39.38") 
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I 
B. P. XT 

No. I ( i n . )  

70100 1 322.5 

70200 
70250 
70275 

70300 
70350 
70375 

70400 
70450 
70475 

70500 
70550 
70563 
70575 
70588 

70600 
70650 
7C663 
70675 
70688 

70700 
70750 
70763 
70775 
70788 

70800 
70850 
708U3 
70875 
70888 

70900 
70950 
70956 
70963 
70969 

"'3'" 
329,O 

c 
I 

335.0 

342.24 I 
I 
I 
I 

345.5 

354.5 

364.5 

275.1 

TABLE A4 

CONE OGIVE ACREAGE BODY POINT D E F I N I T I O N S  

- 
@T 

deg. 1 - 
0 

0.0 
180.0 
270.0 

0b0 
180.0 
270.0 

0.0 
180.0 
270.0 

0.0 
180.0 
225.0 
270.0 
315.0 

0.0 
180.0 
225.0 
270.0 
31 5.0 

0.0 
180.0 
225.0 
270.0 
315.0 

0.0 
180.0 
225.C 
270. C 
315.C 

0. c 
lRO.C 
202.5 
225.C 
247. E 
- 

RTR 029-1 
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513.6 

RTR 029-1 

0. i) 
180. C 

70981 
70988 

1 
71 000 
71 050 
71 056 
71 063 
71 069 
71 075 

, 71081 
71 088 

* 71 094 

i l l 0 0  1 71150 
71 156 

i 71175 I 71181 
; 1'1 188 

I *  
I 712CO 
I 71250 

71 263 1 71263 
1 71275 

71 281 

* 71254 

' 71300 ! 71350 
71 3S6 
71 363 
71 369 
71 375 
71 381 

, *'1394 

1 7 1 x 6  

1 ! l Z P S  

I 

71 382 

. -  

T a b l e  A4  (Cont. 1 )  

CONE OGIVE ACREAGE BODY POINT D E F I N I T I O N S  

OT 
dell. 1 - 
270.0 
292.5 
315.0 
337.5 

0.0 
180.0 
202.5 
225.0 
247.5 
270.0 
292.5 
315.0 
337.5 

0.0 
180.0 
202.5 
225.0 
247.5 
270.0 
292.5 
315.0 
337.5 

0.0 
IO. 0 

202.5 
225.0 
247.5 
27c. 0 
292.5 
315.0 
337.5 
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~- ~ 

B. P. 
No. 

71 400 
71450 
71456 
71 463 
71 469 
71 475 
71 481 
71 488 
,71494 

71 500 
71 550 
71 556 
71 563 
71 569 
71 575 
71 581 
71 588 
*71594 

71 600 
71 650 
71 656 
71 663 
71 669 
71 675 
71 681 

1 71688 

RTR 029-1 

Table A4 (Cont. 2) 

CONE OGIVE ACRElrGE BODY POINT DEFINITIONS 
- 
OT 

deg. 1 - 
0.0 

180.0 
202.5 
225.0 
247.5 
270.0 
292.5 
315.0 
337.5 

0.0 
180.0 
202.5 
225.0 
247.5 
270.0 
292.5 
315.0 
337.5 

0.0 
180.0 
202.5 
225.0 
247.5 
270.0 
292.5 
315.0 
337.5 

0.0 
180.0 
202.5 
225.0 
247.5 
270.0 
292.5 
315.0 
337. I, 

- 
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B. P. 
No. 

~~ 

71800 
71 850 
71856 
71863 
71 869 

71 875 
77 381 
71 888 

*71894 

XT 
( i n . )  

841.5 

1 
I 

841.5 

TABLE A4 (Cont. 3) 

CONE OGIVE ACREAGE BODY POINT DEFINITIONS 

0.0 
180.0 
202.5 
225.0 
247.5 

270.0 
292.5 
315.0 
337.5 

+ I3.P.s with aster isk i n i i c a t e s  skin points used as reference for top o f  E l e c t r i c a l  

Conduit and GO2 pressure l i n e .  I n  1977 RI environment, these B.P. were r n u l t i i l i e d  

by 1.5. 

2-9 
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2.1.2 Protuberance Deff n f  t f o n  

This subsection contaf ns a1 1 the protuberance geometries and body 

points on the 1Oo/4O0 cone and ogf ve. The f nformatfon sequence t s  as 

fol lows: 

d Louver Vent 

0 Tumble Valve Pipe 

0 Forward E l e c t r i c a l  Conduit 

0 Forward Fa i r i ng  

0 Attachment Ff t t f  ngs 

0 GO2 Pressure Lfne 

0 Flanges 

0 Attachment F i t t i n g s  

I Skin Points Inf luenced by Protuberances 

Note: B = D iv i s ion  2.1.2 on f igures and tab les  

2-10 
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I Forward Fairing o f  r E l  ec t r i  cal  Condu i t 

Fig. 6 i  40” Cone Protuberances 
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co.---- 1 9.00"-+ 
7 - L  
5.35" 
c F 

Stirflrce Distance = 24.9" 

XT=349. 00 

TOP VIEW 
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LFFT S I D E  V IEW 

Z ig .  82 Fc:ward F a i r i n q  o f  t h e  Forward E l e c t r i c a l  Conduit 
lrody Point  D e f i n i t i o n  
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Table 84 
- 

Protuberance Sody Point  Def in i t ions 

Body 
Points 

60320 

60321 

60322 

60323 

60324 

60325 

60326 

60327 

60328 

60329 

60330 

60331 

601 09 
60209 
60309 

60203 
60303 
6021 5 
6031 5 

364.0 

368.0 

371 . O  

372.0 

365.0 

366.0 

365.0 

366.0 

368.0 

369.0 

368.0 

369.0 

353.0 
357.0 
364.0 

357.0 
364.0 
357.0 
364.0 

I_ 

- 

OT 
(ow .  1 
313.5 

328.6 

313.5 

313.5 

313.5 

313.5 

31 3.5 

313.5 

313.5 

313.5 

313.5 

313.5 

31.5 
31.5 
31.5 

9.5 
9.5 
53.5 
53.5 

Loca t i on 

Forward Centerl i n e  

Side 

A f t  Centerl i ne  

A f t  Centerl i ne  

Bottom Forward 

Top Front 

Bottom Back Face 

Top Back Face 

Bottom Forward 

Top Forward 

Bottom Back Face 

Top Back Face 

Top o f  Cable Tray Fa i r i ng  
Top o f  Cable Tray Fa i r i ng  
Top of Cable Tray Fa i r i ng  

Side of Cable Tray Fa i r i ng  
Side o f  Cable Tray Fa i r i ng  
Side o f  Cable Tray Fa i r i ng  
Side of Cable Tray Fa i r i ng  

2-14 
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61020 
61 120 
61 220 
61 320 

RTR 029-1 

. - .--- . _  

Attachment F i t t i n g  
Type A (See Fig. B8) 

.\- 

I 

1 FORWARD FACE BODY POI?iT D E F I N I T I O N S  

Attachment F i t t i n g  I 
S ta t i on  X, ( I n . )  i 

~ -1 

370.89 i 

404.34 
439.49 
476.16 
514.12 
553.37 
593.54 
634.51 
676.03 

i 

i 
1 

1 
1 

61 520 71 8.04 1 61620 760.21 
1 

Fig .  B6 GO- Pressure Line - Electr ical  C o n d u i t  Attachment 
F i t t i n g  Forward Face Bodv P o i n t s  
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Yosecone Fairing 

/ 

A R Side Views 

31 "31 ' 

I ' 370.83 
404.34 
439.49 
476.16 

f 574 .12  
553.37 ' 593.54 
634.51 
676.08 
718.04 

1760.2 1 -__- 

"/ 5.37 

I !  
A 

F i g .  68 Gn, PrepJsut-P ?:na - t l r c t r i c a l  Conduit Attachrnerlt F i t t i n r l s  Tyoo A a n d  
T$e R arid Ci-oss-Sectional Views 

2 - 1  



FGJEMTECH INC. RTR 029-1 

n 

5.69" 

Side View o f  .4ttachiiient F i t t i n g  

E l e c t r i c a l  Condu 

Cross-Sect iona l  View o f  Attacht?z-l i t  F i t t i n g  

Protuberance Body P o i n t  O e f i n i  t i o n s  

794.13 62020 Forwrlr.! Face on F i t t i n g  1 828.06 1 62120 1 Forwdrd Face on F i t t i n g  

L i n e  

F i g .  B9 $02 Pressure I- i t le - E l e c t r i c a l  Conduit AttactliTlent 
F i % t i n q s  (Type B) 
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I___ 

XT { i n .  1 
_c__ 

364.0 
36%. 0 

371 .o 
372.0 
365.0 
366.0 
365,O 
366.0 
368.0 
369.0 
368.0 
369.0 

353.0 
357.0 
364.0 

257.0 
364.3 
357.0 
364.0 

1102.5 
-----_ 

16 

409.9 

! 
i 
1 .  

Table B t O  

CONE UGZYE PROTUBERANCE 60DY POINT DEFINITIONS 

'Bottom Back Face 
'Top Back Face 

- 
r. "T 

(de9 . 

313,: 
328.t 

313.E 

-- 

v 
37 . f  

1 
9.5 
a. s 
53.5 
53.E 

35?. 4 
? G . 9  
2 4 . 3  
31.5 
32. i 
46.3 
65.6 

0. I 
11.4 
21 .h  
24.9 
31.5 
38.l 
41.4 
57 .ti 
62.5, 

. ,~ 

-- 

_I_- 

2- 20 

Location 

Vent Louver Forward & 
I _c_ 

Si  de 

Top of Conduit Fafring 

I 
Stde of Conduit t Fairfng 

I 
--,-e- i - 

8 
-.- . - ~ 

Skin Pojnts below L 
near GO LIne 6 Electri 
:a1 Con u f t  
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1 

3.2 
14.1 
22.9 
25.8  
31.5 
37.2 
40.1 
4b.9 
59.8 

5.0 
15.7 
23.7 
31.5 
39.4 
47.3 
58.0 

5.9 
21.5 
26.5 
31.5 
36.5 
41.5 
57.1 

9.5 
23.7 
2 7 . 6  
31.5 
35.4 
39.3 
53.5 

11.8 
2 3 . 9  
28.2 
31.5 
34.8 
38.1 
51.2 

6081 0 
6081 2 
6081 6 

60903 
60907 
60908 
"60905 

GO31 0 
6Cq1 1 

' 

Table B1O (Cont.  1)  

CONE OGIVE PROTUBERANCE BODY POINT DEFINITIONS 

*60809 

*T 
( i n . )  

422.3 I 
i 
i 

432.1 

437.6 

t 
474.2 

61 (303 
61 007 
61 GO8 
*61@09 
61010 
61011 
61314 

512.1 I 
1 ----- 1 

I --- 
Loca t i o v  

.I 

Skin Points be7Jw & + near Electrical GO, L I C E  Condrcit and 

2-21 
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XT 
( i n . )  

551.3 

RTR 029-1 

OT 
(deg.) 

14.0 
25.7 
28.6 
31.5 
34.4 
37.3 

+61109 
61110 
61111 
61114 

6? 204 
61 207 
61 208 

* 61 209 
6’1210 
61 21 1 
61 31 3 

61 305 
61 307 
61 3C3 

* 61 309 
61 31 0 
61 31 1 
61 3 :  3 

61 405 
61 407 
61 408 

* €1 so9 
61410 
61411 
61413 

61 535 
61 507 
61 538 

* €1 509 

15.6 
26.3 
28.9 
31.5 
34.1 
36.7 
47 .4  

16.7 
26.6 
29.1 
31;5 
33.9 
36.4 
46.3  

17.4 
26.8 
29.2 
31.5 
33.8 
36.2 
45.6 

17.9 
27.0 
29.3 
31.5 
2 3 . 7  
36.0, 
45.1 

17.9  
27 .0  
29 .3  

6 i510 
61 51 1 1 61513 

61 605 
61 607 i 61 6C8 

Table B10 (Cont. 2 )  

CONE OGIVE PROTURERANCE BODY POINT DEFINITIONS 

1 
I 591. 

632.3 I 
1 
I 

673.9 

715.E 

759.2 

1 

--l Location 

Skln Points Below and I 
Near GOp Line and 
Electr ica l  Conduit 

2-22 
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8. P. 
No. 

* 61 609 
61 61 0 
61611 
61 61 3 

61 705 
61 706 
61 707 
61 708 
6? 709 
61 71 0 
61 71 1 
61 71 2 
61 71 3 

61 805 
61 806 
61807 
61808 
61809 
61 81 0 
6181 1 
6181 2 
61813 

61 905 
61 907 
61 908 
61 909 
61 91 0 
61911 
61 91 3 

62005 
62007 
62008 

* 52009 
6201 0 
6201 1 
6201 3 

Table 810 (Cont. 3) 

CONE OGIJE PROTUBERANCE BODY POINT DEFINITiON - 
or 

deg. 1 - 
31.5 
33.8 
36.0 
45.1 

17.9 
24.8 
28.1 
29.3 
31.5 
33.7 
34.9 
38.3 
45.1 

17.9 
24.8 
28.1 
29.3 
31.5 
33.7 
34.9 
38.3 
45.1 

17.9 
24.8 
28.1 
31.5 
34.9 
38.3 
45.1 

17.9 
27.0 
29.3 
31.5 
33.8 
36.0 
45.1 

- 

Location 

Skin Points Below and 
Near GO2 Line and 
Electr ica l  Conduit 

2-23 



. 
8. P. 
No. 

621 05 
621 07 
621 08 
621 09 
62110 
62111 
62113 

Table PI0 ( a n t .  4 )  

CONE OGIVE PROTUBERANCE BODY POINT DEFINITION 

XT 
( i n . )  

827.1 

1 
- 
deg. 1 - 
17.9 
27.0 
29.3 
31.5 
33.8 
36.0 
45.1 

R l R  029-1 

Location 

Skin Points Belaw and 
Near 602 Line and 
E l  ec trl cal Condui t 

f 

*B.P. wfth aster isk indicates skin points used as reference for bottom o f  

e l e c t r i c a l  conduit and GO2 pressure l l n e .  I n  1977 RI environment, these 

B.P.s were mult ip l ied by 1.0. 

, 
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? 

\ 
RTR 029-1 

2.2. ET BARR€L 

Thls subsection contains geometry and body po in t  information f o r  the 

c y l i n d r i c a l  sect ion o f  the tank under f i v e  d iv is ions.  

2.2.1 Acrease D e f i n i t i o n  

This subsection gives the moldl ine geometry and re la ted  body points  f o r  

the c y l i n d r i c a l  sect ion o f  the  tank. Unrolled views o f  the surface are given 

showing the top view o f  protuberances. The information sequences i s  as fol lows: 

0 In te r tank  Region Views 

0 LH2 Barrel  Mid-sectfon Views 

0 LH2 Barrel  A f t  sect ion Views 

0 Tabulated Body Points 

Note: C = D iv fs ion  2.2.1 on figures and tables 
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r 

8. P . .  
No. 

7280 
7300 
7320 
7350 
7360 

1747 

7380 
7400 
7420 
7030 
7440 

7450 
7470 
7480 
7520 
7550 

7590. 
7620 
7660 
7690 
7760 

7830 
785d 
7870 
7900 
7920 
7930 

1307 
1308 
1309 
1310 
6366 
1746 

6386 
6406 
6426 

852.80 
884.85 
929.14 
973.43 

1006.65 

1021.7 

1038.03 
1 069.40 
11 02.62 
1123.15 
1137.29 

116i.21 
1201.51 
1229.96 
1297.83 
I .359.15 

1426.26 
1486.49 
1554.69 
1615.67 
1743.,2 

1 872.20 
1898.04 
1936.79 
1999.54 
2036.46 
2058.0 

2058. C 

1 
1006.65 
1021.7 

1038.03 
1069.40 
11 02.62 

Table C4 

BARREL ACREAGE BODY POINT DEFINITIONS 
7 

of 
de9.1 - 

0 

1 
1 
I 

1.5 

0 

0 

0 

0 1 
1 

157.1 
Ki8.14 
158.3; 

3. tr i  
11.2: 
13.5 

11.2: 

I - 



G29-1 

B. P. 
No. 

'1112 
1113 
6436 
1114 
1115 
1116 

6486 
6556 
6626 
6696 
6766 

6836 
6906 
6926 

'368 
t ~ 6 9  
1745 
1744 
1743 

1742 
6388 
6389 
6408 
6409 

6428 
5429 
1117 
1118 
1119 

6438 
6439 
1120 
1121 
1122 

1123 
6488 
6489 

XT ( i n . )  

1111.85 
1121.08 
1123.15 
1130.30 
11 39.53 
1148.76 

1229.96 
1359.15 
1486.49 
1615.67 
1743.02 

1872.20 
1 999.54 
2036.45 

006.65 
006.65 
021.7 

1 
021.7 
036 " 3  
038.03 
069.40 
069.40 

11 02.62 
I I02 - 62 
?111.85 
1121 -08 
1121.08 

1123.15 
1123. I: 

11 26.90 
1132.90 
11 39.53 

1148.76 
1229.96 
1229.96 

Table C4 (Cont. 1 )  

BARREL ACREAGE BOOY POXNT DEFINITIONS 
7 

OT 
de9.1 

12.0 
12.0 
11.25 
12.0 
12.0 
12.0 

11.25 

- 

1 
11.25 

1 
15.0 
19.0 
17.0 
17.5 
18.5 

19.5 
15.0 
19.0 
15.0 
19.0 

15.0 
19.0 
17.0 
17.0 
17.0 

15.0 
19.0 
17.0 

1 
17.0 
15.0 
19.0 -- 

I 
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6. P. 
No. 

6558 
6559 

6628 
6629 
6698 
6699 
6768 

6769 
6838 
6839 
6908 
6909 

6928 
6929 

1730 
1731 
1732 . 
1733 
6361 

1734 
1735 
6285 
6286 
6287 

6579 
6580 
6581 
6582 
6583 

6584 
6585 
6586 
6587 
6588 

XT 
( in . )  

1359.15 
1359.15 

1486.49 
1486.49 
1615.67 
1615.67 
1743.02 

1743.02 
1872.20 
1872.20 
1999.54 
1999.54 

2036.45 
2036.45 

885.7 
987.7 
996.2 

1004.7 
1006.65 

1013.2 
101 7.45 
1086.66 
1111.20 
11 18.68 

11 24.29 
1125.60 
1127.10 
1127.56 
1 1 32.71 

1136.21 
11 39.95 
1153.30 
1334.37 
1358.90 

Table C4 (Cont. . 

BARREL ACREAGE BODY POINT DEFINITIONS - 
of 

deg. 1 - 
15.0 
19.0 

15.0 
19.0 
15.0 
19.0 
15.0 

19.0 
15.0 
19.0 
15.0 
19.0 

15.0 
19.0 

23.5 

1 
I 
I 
1 

23.5 

23.5 

23.5 

- 
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Table C4 (Cont. 3) 

BARREL ACREAGE BODY POINT DEFINITIONS 

RTR 029-1 

B. P. 
No. 

6589 
6590 
6591 
6592 
6593 

6594 
6595 
6596 
6597 
6598 

6599 
6601 
6602 
6603 
6604 

6605 
6606 
6607 
6608 
6609 

661 0 
661 1 
661 2 
661 3 
661 4 

661 5 
661 6 
661 7 
661 8 
661 9 

6620 
6621 
6630 
6631 
6632 

1366.38 
1371.99 
1373.3 
1374.80 
1375.26 

1380.41 
1 383.91 
1387.65 
1401.0 
1434.36 

1581.06 
1605.60 
1 61 3.08 
1618.69 
1620.0 

1621.50 
1621.96 
i 627.11 
1530.61 
1634.35 

1647.70 
1827.76 
1852.30 
1859.78 
1865.39 

1866.70 
1868.20 
1868.66 
1873.81 
1877.31 

1 a81 .os 
1 486 .. 49 
1894 40 
1930.76 
1955.30 

- 
OT 

de90 1 - 
23.5 

1 
1 
1 
1 
1 
1 

1 

23.5 

23.5 

23.5 

23.5 

23.5 

v 
23.5 

- 
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B o  P o .  

No. 

6633 
6634 
6635 
6636 
6637 

6638 
6639 
6640 
6641 
6642 

6643 
6644 
6645 
6646 
6647 

6648 
6649 
6650 
6651 

6367 
1738 
1739 
1740 
1741 

6387 
6407 
6427 
6437 
6487 

6557 
6627 
6697 
6767 
6837 

6907 
6927 

1962.78 
1968.39 
1969.70 
1971.20 
1971.66 

1976.81 
1980.31 
1984.05 
1997.4b 
201 6.61 

2024. Od 
2029.70 
2031.01 
2032.51 
2032.97 

2038.12 
2041.62 
2045.36 
2058.71 

1 006.65 
1021.70 I 
1 038.03 
1069.40 
11 02.62 
1123.15 
1229.96 

1359.15 
1486.49 
161 5.67 
1743.02 
1872.2C 

1999.54 
2036.45 

Table C4 (Cont. 4)  

BARREL ACREAGE BODY POINT DEFINITIONS - 
of 

deg. 1 - 
23.5 

1 
1 
1 

23.5 

23.5 

23.5 

1 
29.0 
29.25 
28.25 
27.50 
26.75 

29.0 

1 
1 

29.0 

29.0 
t 

-- 

RTR 029-1 
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~~ ~ 

B. P. 
No. 

1737 

6288 
6282 
6283 
6284 
6501 

6502 
6503 
6504 
6505 
6506 

6507 
6508 
6509 
651 0 
651 1 

651 2 
651 3 
651 4 
651 5 
651 6 

651 7 
651 8 
651 9 
6520 
6521 

6522 
6523 
6524 
6525 
6526 

6527 
6528 
6529 
6530 
6531 

1021.7 

1056.15 
1069.4 
11 13.85 
1123.15 
1123.15 

1127.55 
1132.09 
1136.61 
1139.34 
1140.24 

1 145.69 
1150.21 
1154.75 
1178.35 
1192.05 

1 96.59 
1201 .ll 
1203.84 
1204.74 
1210.19 

1214.71 
121 9.25 
1229.96 
1242.85 
1256.55 

1261 -09 
1265.61 
1268.34 
1269.24 
1274.65 

1279.21 
1283.75 
1565.35 
1579.05 
1 583.55 

Table C4 (Cont. 5)  

BARREL ACREAGE BODY POINT DEFINITIONS 
- 

@T 
deg. 1 - 
32.5 

34.0 

1 
J 
1 
1 
1 
1 
1 

34.0 

34.0 

34.0 

34.0 

34.0 

34.0 

- 
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8. P . .  
No. 

!%!i 
6534 
6535 
6536 

6537 
6538 
6539 
6540 
6541 

6542 
6543 
6544 
6545 
6546 

6547 
6548 
6549 
6561 
6562 

6563 
6564 
6565 
6566 
6567 

6568 
6569 
6571 
6572 
6573 

6574 
6575 
6576 
6577 
6578 
6570 

XT 
( in.)  

l598:111 
1’558M 
1601.71 

1606.25 
161 5.67 
1823.35 
1837.05 
1841.59 

1846.11 
1848.84 
1849.74 
1855.19 
1859.71 

864.25 
872.2 
887.85 
901.55 
906.09 

91 0.61 
9’3.34 
914.24 
191 9.69 
1924.21 

1928.75 
1 952.35 
1966.05 
1970.59 
1975.11 

1977.84 
1978.74 
1984.19 
1988.71 
1993.25 
1999.54 

Table C4 (Cont. 6) 

BARREL ACREAGE BODY POINT DEFINITIONS - 
OT 

: d q .  1 - 
34.0 

1 
3 
1 
1 
1 3r 

31.0 

34.0 

34.0 

34.0 

34.0 

- 
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B. P. 
No. 

~ -~ 

6365 
6385 
6405 

6424 
6425 
6422 

64 35 
6485 
6555 
6625 
6695 

6765 
6835 
6905 
6925 

1736 

7289 
7309 
7329 
7359 
7369 

7389 
7409 
7429 
7439 
7449 

7459 
7479 
7489 
7529 
7559 

7599 
7629 
7669 
7699 
7769 

XT 
(in.) 

1006.65 
1038.03 
1069.40 

11 02.62 
11 02.62 
1118.15 

11 23.15 
1229.96 
1359.15 
1486.49 
161 5.67 

1743.02 
1872.20 
1999.54 
2036.45 

1021.7 

852.8C 

929.14 
973.43 

1006.65 

1038.02 
1069.4C 
11 02.62 
1123.15 
11 37.25 

1167.21 
1209.51 
1229.9t 
1297.8: 
1359.1: 

1426.2f 
1486.45 
1554.6< 
161 5.6; 
1743.0; 

884. as 

Table C4 (Cont. 7) 

BARREL ACREAGE BODY POINT DEFINITIONS 

~~ 

40.0 

1 
37.7 
40.0 
37.7 

40.0 

1 

1 
1 
1 
1 

40.0 

J 
44.0 

180.0 

180.0 

180.0 

180.0 

- 
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1872.20 
1898.04 
1936.79 
1999.54 
2036.46 
2058.0 

852.80 
884.85 
929.14 
973.43 

1006.65 

1038.03 
1069.40 
11 02.62 
1123.15 
1137.29 

1167.21 
1201 .51 
1229.96 
1297.83 
i359.15 

1426.26 
1486.49 
1554.69 
1615.67 
1743.02 

RTR 029-1 

180.0 

1 
225.0 

. 1 
1 
1 
1 

225.0 

225,o 

225,o 

8. P. 
No. 

7839 
7859 
7879 
7909 
7929 
7939 

7287 
7307 
7327 
7357 
7367 

7387 
7407 
7427 
7437 
7447 

7457 
7477 
7487 
7527 
7557 

7597 
7627 
7667 
7697 
7767 

7837 
7857 
7877 
7907 
7927 
7937 

7286 
7306 
7326 
7356 
7366 

1936.79 
1999.54 
2036.46 
2058.0 

852.80 
894.86 
929.14 
973.43 

1006.65 

Table C4 (Cont. 8) 

BARREL ACREAGE BODY POINT DEFINITIONS 

1 
247.5 

1872.20 225.0 
1898.04 I I 

2-40 



REMTECH IN= RTR 029-1 

B. P. 
No. 

7386 
7406 
i426 
7436 
7446 

7456 
7476 
7486 
7526 
7556 

7596 
7626 
7666 
7696 
7766 

7836 
7856 
7876 
7906 

1040 
7926 
1041 
1042 
1051 

1043 
1044 
1052 
1045 
1053 

1046 
1055 
1054 

1038.03 
1069.40 
11 02.62 
1 123.15 
1137.29 

1167.21 
1201 .51 
1229.96 
1297.83 
1359.15 

1426.26 
1486.49 
1554.69 
161 5.67 
1 743.02 

1872. SO 
1898.04 
1936.79 
1999.54 

2006.75 
2036.46 
2040.75 
2046.75 
2048.75 

2048.75 
2050.75 
2052.75 
2052.75 
2053.75 

2053.75 
2058.0 
2058.0 

Table C4 (Cont. 9) 

BARREL ACREAGE BODY POINT DEFINITIONS 
- 
of 

deg. 1 

!47.5 

- 

1 
1 
I 

147.5 

!47.5 

147.5 

1 
5 0 . 5  
!47.6 
5 0 . 5  
50.5 
!47.4 

30.5 
50 .5  
!47.4 
50.5 
!47.4 

50.5 
!46.3! 
!47.0 

- 
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Table C4 (Cont. 10) 

BARREL ACREAGE BODY POINT DEFINITIONS 

B. P . .  
No. 

7285 
7305 
7325 
1000 
1001 

7355 
1002 
1003 

1006 
1004 
1007 
1009 
1005 

1008 
1010 
1011 

1012 
1013 
7365 
7385 
7405 

7425 
7435 
7445 
7455 
7475 

7485 
7525 
7555 
7595 
7625 

7665 
7695 
7765 
7835 
7855 

852.80 
884.85 
929.14 
952.83 
971.48 

973.43 
977.43 
981.43 

981.43 
982.43 
982.43 
982.43 
983.43 

983.43 
983.43 
983.43 

1003.28 
1 004.73 
1006.65 
1038.03 
1069.40 

1102.62 
11 23.15 
1137.29 
1167.21 
1201 .51 

1229.96 
1277.83 
1359.15 
1426.26 
1486.49 

1554.69 
1615.67 
1 7/13.02 
1872.20 
1893.04 

- 
OT 

3 e g  1 - 
!70,0 

1 
!70.0 

1 
Z70.52 
!70.0 
Z70.52 

!70.0 

Z70.52 
!71.04 
!71.56 

270.0 

1 

1 
1 
1 
1 

270.0 

270.0 

370.0 

- 1 
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B. P. 
No. 

7875 
7905 
7925 
7935 

lo29 
1030 
1031 
1033 
1032 

7284 
7304 
7324 
7354 
7364 

7384 
7404 
7424 
7434 
7444 

7454 
7474 
7484 
7524 
7554 

7594 
7624 
7664 
7694 
7764 

7834 
7854 
7874 

1020 
7904 
1021 
7924 

1936.79 
1999.54 
2036.46 
2058.0 

2044.25 
2043.45 
2052.65 
2058.0 
2058.0 

852.80 

929.14 
973.43 
1006.65 

1038.03 
1069.40 
1 1  02.62 
1 1  23.15 
1 1  37.29 

1167.21 
1201.51 
1229.96 
1297.83 
1359.15 

1426.26 
1486.49 
1554.63 
161 5.67 
1743.02 

1872.2C 
1898.04 
1936.75 

1968.6f 
1999.54 
2031.6t 
2036 4t 

884.85 

Table C4 (Cont. 1 1 )  

BARREL ACREAGE BODY POINT DEFINITIOES 
- 
9 
de9.1 - 
170.0 

1 
!84.65 

1 
!81.74 
?83.92 

t92.5 

1 
1 
1 
J 

!92.5 

292.5 

292.5 

292.5 

1 
289.5 
292.5 
289.5 
292.5 
- 
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1022 
1023 
1024 
1025 

1405 
1406 
1407 

1400 
1401 
1402 
1403 
1404 

1200 
1201 
1202 
1203 
1204 
1205 

7282 
7302 
7322 
7352 
7362 

7382 
7402 
7422 
7432 
7442 

7452 
7472 
7482 
7 522 
7552 

7592 
7622 
7662 

2044.25 
2048.45 
2050.55 
2052.65 

1877.74 
1914.65 
1951.56 

1803.92 
1822.38 
1840.83 
1859.29 
1868.51 

2038.5 
2042.5 
2046.5 
2050.5 
2052.5 
2053.5 

852.80 
884.85 
929.14 
97?.43 

low. 65 

1038.03 
1069.40 
11 02.62 
1123.15 
1137.29 

1167.21 
1201.51 
1229.96 
1297.83 
1359.15 

1426.26 
1486.49 
1554.69 

Table C4 (Cont, 12) 

BARREL ACREAGE BODY POINT DEFINITIONS - 
OT 

:d@g 1 - 
28 . 5  1 

1 

1 
1 

304.0 

1 
309.38 

31 2.58 

1 
315.0 

31 5.0 

315.0 

1 .- 
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1- 
B. P. 
No. 

7692 
7762 

7832 
1408 
7852 
1409 
7872 

1410 
1411 
1412 
7902 
7922 

1209 
1210 
1211 
6280 
6403 

6401 
6423 
642 1 
6281 
6433 
6431 

6430 
6432 
6434 
6440 
644 1 

6442 
6443 
6445 
6446 
644 7 

6448 
6449 
6450 

161 5.67 
1 743.02 

1872.20 
1877.74 
1898.04 
1914.65 
1936.79 

1951.56 
1970.02 
1 988.47 
1999.54 
2G36.46 

2058.0 

I 
1060.65 
1069.40 

1069.40 
11 02.62 
1102.62 
1107.65 
1 123.1 5 
1123.15 

1131.15 
1139.29 
1139.65 
1147.75 
1149.58 

1151.85 
1172.65 
1196.15 
1203.29 
1204.65 

1212.75 
1214.58 
121 6.85 

Table C4 (Cont. 13) 

BARREL ACREAGE BODY POINT DEFINITIONS 
- 

OT 
deg. 1 

I 
315.0 

- 
315.0 

1 
I 315.0 

316.7E 
317.9: 
31 9.3t 
330.0 
327.0 

333.0 
327.0 
333.0 
330.0 
327.0 
333.0 

330.0 

1 
I 330.0 

330.0 

I 
- 

. 
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8. P. 
No. 

6483 
bJ81 

6451 
6452 
6453 
6454 
6455 

6456 
6457 
6458 

6553 
6551 
6459 
6623 
6621 

6693. 
6691 
6763 
6761 
6833 
6831 

6460 
6461 
6462 
6463 
6464 

6465 
6466 
1413 
1414 

6467 

6469 
6470 
6471 

441x1 

-__I 

Table C4 (Cont. 14) 

BARREL ACREAGE BODY POINT DEFINITIONS 

1237.65 
1302.65 
1 326.1 5 
1333.29 
1334.65 

1342.75 
1 344.58 
1346.85 

? 359.15 
1359.15 
1367.65 
1 486.49 
1486.49 

1615.67 
161 5.67 
1743.02 
1743.02 
1872.20 
1872.20 

1887.65 
1911.15 
1918.29 
1913.65 
1 927.75 

1929.58 
1931.85 
1936.79 
1936.79 

1952.65 
1976.15 
1983.29 
1984.65 
1992.75 

-- 

I * O  

330.0 

1 
327.0 
333.0 
330.0 
327.0 
333.0 

327.0 
333.0 
327.0 
333.0 
327.0 
333.0 

339.0 

1 

1 

330.0 

322.3 
330.2 

330.0 

1 
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B. P. 
No. 

6472 
6473 
6903 
6901 
6474 

6923 
6921 
6475 
6476 
6477 

1212 
6478 

?281 
7301 
7321 
7351 
7361 

7381 
7401 
7421 
7431 
7441 

7451 
7471 
7481 
7521 
7551 

7591 
7621 
7661 
7691 
7761 

783 I 
7851 

-- 

RTR 029-1 

*T 
{ i n *  1 

I 994.58 
1996.85 
1999.54 
1999.54 
201 7.65 

2036.45 
2036.45 
2041.15 
2048.29 
2049.65 

2058.0 
2057.75 

852.8a 
884. a5 
929.14 
973 a 43 
1006.65 

1 038.03 
1069.4C 
1102.62 
1123.15 
1137.25 

1167.21 
1201 .51 
1229.9f 
1297.82 
1359.1: 

1426.2t 
1486.45 
1554.65 
161 5.67 
1743. Oi 

1872.2( 
1898.01 
1908.6 
1936.7! 
1999.51 

Table C4 (Cont. 15) 

BARREL ACREAGE BODY POINT DEFINITIONS 
- 

of 
:deg ) - 
330.0 
330.0 
327.0 
333.0 
330.0 

327.0 
333.0 
330. C 

1 
322.1 
330.0 

337.5 

1 
I 
1 
I 

337.5 

337.5 

33?. 5 

337.: 
337. E 
340. ( 
337. f 
337. f - 
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8. P. 
No. 

1701 
7921 
1702 
1703 
7931 

1704 
1705 
1100 
1101 
1102 

1103 
1104 
1105 
1106 

1107 
1108 
1109 
1110 
1 1 1 1  

1300 
1301 
1302 
1303 
1304 

Table C4 (Cont. IS) 

BARREL ACREAGE BODY POINT DEFINITIONS 

2028.6 
2036.46 
2038.6 
2048.6 
2058.0 

2058.6 
2063.6 
1111.85 
1121.08 
1124.90 

1126.90 
1132.90 
1 139.53 
1148.76 

1111.85 
1121.08 
1 1  30.30 
1139.53 
1148.76 

2032.0 
2046.5 
2051.5 
2053.5 
2054.5 

- 
or 

deg. 1 - 
340.0 
337.5 
340.0 
340.0 
337.5 

340.0 
1 3T=0 
"I'" 
1 
1 

348.0 

355.0 

- 

RTR 029-1 

-- ___  
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2.2.2 Protuberance on Intertank 

This subsection contains geometry and body point Information for a l l  

protubermces located on the intertank (852.8 5 XT 2 1123.15). The infor- 

mation sequence I s  as follows: 

0 Thrust and stringer panels 

0 Access door 

0 Forward ET/SRB Attachment 

0 Area influenced by bolt  catcher 

0 Umbi 1 i cal d i  sconnect 

0 LH Sidewall body po in t  adjacent t o  
RS8 E l  ectrical  connector 

# Range safety antenna 

- -.- 

Note: D = Division 2.2.2 i n  figures and tables 
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A f t  Flange 
\ 

SRB Beam 
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RTR 029-1 

0.6 3.822.5 .-i 
1.2 1.022.5- b-- , 

' I  ------- 
\ 

! 

i 

XT'1123.15 

Side View o i  Af t  End o f  Intertank 

1 -00 Max 
2.06 I I 0.50. Min 

Cross-Sec t ional  View 
(Looking Forward) 

0. 50 "; -.- 

Typical 'Thrust Panel Stringer 

Fi!;.. 02 Thrust P a n e l  Stringer Views 
( 2  panels a t  67.5" :_ ,?T < 112.5" and  247.5' < 6~ 2 292.5") - - 
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X E  
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:I ‘i .+ v c 

n 

0 
a3 

Y r 
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c p c  

0 Ln 
N 

1 
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L 
0 
0 
c3 

E 
0 

v) a 
I- 
O T 

RTR 029-1 

L 
0 
0 ta 
v) 
v) al 
0 

2 
d n 
cn 
.r 
LL. 
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F i g .  D5 Intertank S p c t i o n  Showing Access Door 
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~- - 

903 
* 904 
SO5 - 

RTR 029-1 

~ ~ ~ 

F, ( I n . )  
Location 

S ide  Face 
Gft Face 15.25 
Outboard Face 7.625 
Forward Face 
Side  Face 7. G25 

vcu - Second S tage  Conf igura t ion  
ET ET 

Forward Facing View SRB 

Planform View ( L e f t  Attachment) F i r s t  Stage Conf igura t ion  

!, - 
ET 902 

r ,T - - - - -  ' 1 o . q  
- _I- 

Second S tage  Conf igura t ion  

4.0 

*Removed due to  Bol t  Catcher  a d d i t l o n  

F i g .  D6 Forward ET/SRE Attachment Structure Design Body P o i n t  D e f i n i t i o n  
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RTR 029-1 

i‘-- 
I -  

- 

35 

I 

0” 

0,. = 240’ 

+ I 

- I__--- 

I Body 1 Point 
4 

Loca t i on 

I 
- 

I 966 GH2 Vent ,ine Disconnect Forward Stagnation Line 1 967 

9 68 

969 

970 

GH2 Purge Gi sconnect 

Carl ier Plate 

Gtt Vent Line Dfsconnect Dowmtream 

GH Vent Line Disconnect Upstream 

Wa ? 1 (Internal) 

Wa T 1 (Internal) 

Fig. 38 Intertank Umbilical Disconnect Body Point Definition 
57 
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Umbilical Plate 

Proposed 
Brea k i  ng 

RTR 029-1 

le 

s 

Electrical Connector 

50067 Aft o f  Unbilica? Plzte 
9~=245' STA.al034.77 
Receptacle 1 "  H i $ i  

-- Loca t i cn -- 1 
Intertank Area A f t  o f  
RSS Electrical Connector 

F i g .  D9 LH2 Sidewall Body Points Pdjacent t o  the RSS Electrical Connc?c?or 
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641 3 

RTR 029-1 

-64 .11 

Brdy 
P o  i n t  

541 6 

541 7 

541 8 

b410 

- -._ 

631 1 

6.11 2 

cr,: 3 

Loca t ion  
---. --. - - - ___--. 

Forward Face 

Upper 7 i c e  

Eack Face 

Fcrlvard o f  Antenna on I n t e r t a n k  

A f t  o f  Antenna 3n I n t e r t a n k  

L e f t  Side of Anterind on I n t e r t a n k  

870.0 

8 X .  0 

(380.0 



RTR 029-1 R E k l T t C H  INC- 

r 
!Body P o i n t  STA. 1 

971.928 I 
. 80C3e 
: E0039 969.42E ' 

j ~ 1 7 -  

- -  ~i . .. 

r>0;3 
- *. -. 

9'1'0.678 4 

I i 1 80175 1 80176 I 

1 

I 
L ---A- 

I 

78 

Section A-A 
801 74 CJML 

801 75 
view c-c 

20 

Section B-B 

Location 

Cable Tray Frnnt Face 
Cable Tray Top 
Cable Tray A f t  Face 
Falrlng Forward Face 
Fairing Side Face 
On ET tlach'ne Panel 
Forward o f  h b l e  Tray 

Fig .D11 RSS ET/S;IG Cable  Tra; acd Fairing Desigr, Cody P o i c t  D e f i n i t i c n  
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2.2.3 Protuberances t h a t  s t a r t  on the Intertank 

This subsection contains geometry and body point  informatlon f o r  protu- 

beranceg-which begin on the intertank. Information i s  given f o r  a l l  XT if 

the protuberance s ta r t s  on the intertank. One exception i s  the e lec t r i ca l  

conduit and GO2 pressure l ine.  This section contains a l l  the information fo r  

these two protuberances s ta r t i ng  a t  the shoulder o f  the ET. The other excep- 

t i o n  i s  the forward at tach strut ,  which i s  j u s t  a f t  o f  the intertank. The 

sequence o f  information i s  given i n  ascending order o f  QT as follows: 

0 ET/Orbiter forward attach s t r u t  

0 LO2 feed l i n e  

0 Fai r ing 

0 Attachment f i t t i n g s  

6 GO2 pressure l i n e  

0 Attachment f i t t i n g s  

0 Flanges 

0 Forward Elect r ica l  Condui t/GO, pressure 
l i n e  attachment f i t t i n g  

0 GO ,Antigeyser l ine,  E lect r ica l  ccnduit 
ateachment f i  t t l n g  

0 LO2 Antigeyser Line 

0 Fair ing 

0 Flanges 

0 F i t t i n g  shield 

0 Elect r ica l  Conduit 

0 Forward a f t  f a , r  

0 A f t  f a i r i n g  

0 GH2 pressure l ine  

0 Fz l r ing 
2-f 
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8 Attachment f t t t l n g  and Barry Mount 

8 Flanges grounding strap and Barry mount 

Kote: E = D i v i s i o n  2.2.3 on figures and table. 
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RTR 029-1 

1 
Body 
Point 

200 
201 
202 
203 
9 00 
931 
932 
933 
9 34 

SO034 
80035 

! 

56.34" 

A f t  Viev; (Looking Forward) 

Desc r i p t i c n 

Ef/Orbi t e r  Forward Attachment Strut --I I: 8.5 I 2.75 

I 
F i t t i n g  Fortdarc! Face 
F i t t i n g  Outboard Side 

Fi t t f n g  Inboard  Side  
F i t t i n g  A f t  Face 
Yoke F i t t i n g  Fi-cnt Face 
Ypke F i t t i n a  Eack Fzce 

F i t t i n g  Top 8.5 ! 12.85 

F i g .  E l  ET/Orb i  ter F;lr>iard Attachzient Strut aRd F i t t i n s  Cody Point Gefinit ion 
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m 
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(u 

I1 
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aJ 
Q 

v) 
-r 

W 
U 

m 
0 
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II 
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x 

w 
c 

RTR 029-1 

ORlGINAL PAGE !S 
OF POOR Q U W  
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E 
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Table E3 REEMTECH INC- 

i.- _1 

RTR 029-1 

J 

LO2 Feedl i ne  Body Poin t  Def in i t ions  0~=23.5" 
~~ 

xT 
( I n . )  

1038.03 
1069.4 
1102.62 
1123.15 
1229.56 
1359.15 
1486.49 
I61 5.67 
1743.02 
1872.20 
1999.54 
2036.45 

1111.20 
1118.68 
1124.29 
1 125.60 
11 27.095 
11 27.56 
1086.657 
1111.20 
11 18.68 

Body 
Poin t  

5381 
5401 
5421 
5431 
5481 
5551 
562 1 
5691 
5761 
583 1 
5901 
592 1 

500 1 
5002 
5003 
5004 
5005 
5006 
5007 
5008 
5009 

1124.29 , 5010 
1125.60 ' 5011 
1127.095 ~ 5012 
1127.56 501 5 
1132.705 501 6 
1 1 36.21 501 7 
1139.95 501 8 
1153.30 f 5019 
1 OOG. 657 
1111.20 
1113.68 
1 124.29 
11 25.60 
11 27.095 
1127.56 
1 358.90 
136C. 38 

5020 
5021 
5022 

5026 
5027 
5028 
5@15 
5030 

5025 I 

1371.29 1 5C31 
1373.30 i 5032 
1374.795 1 5035 

1334.357 
135;. 90 5551 
1356.36 I z(22; 
13'1.99 
13; 2.30 5041 
1374.795 1 5042 
1375.26 , 5045 
1 3 t 3 . 4 3 5  I 5046 

1375.26 1 "5;; 

Location 

Upper Center l ine of Feedline 

1 
1 

Upper Center1 i n e  of Feedl i n e  

Adjacent t o  AttachmeKt F i t t i n g s  



RTR 029-1 
Table E3 (Cont, 1)  

LO, Feedline 804Y Point Def ini t ion 

1383.91 
1387.65 
1401 .O 
1334.357 
1358.90 
1366.38 
1371 .99 
1373.30 
1374.795 
1375.26 
1605.60 
16i3.08 
1618.69 
?620.0 
1621.495 
1621.960 
1581.057 
1605.60 
1613.08 
1618.69 
1620.0 

1621.495 
1621.96 
1627.105 
1630.61 
1634.35 
1647.70 
1581 .057 
1605.60 
1 61 3.08 
1618.69 
1520.0 
1 b21.495 
1621.96 
1852.30 
1859.78 
1865.39 
1866.70 
1868.195 
1868.66 
1827.757 
1852.30 
1859.78 
1865.39 
1866.70 
1868.195 
1868.66 
1873.805 
1877.31 
1881.05 
1894.40 - 

L 

io& 
?oint  

5047 
5048 
5049 
5050 
5051 
5052 
5055 
5056 
5057 
5658 
5c59 
5060 
5061 
5062 
5065 
5066 
5067 
5C68 
5069 
5070 
5071 

5072 
5075 
5076 
5077 
5078 
5079 
5080 
5081 
5082 
5085 
5086 
5087 
5088 
5089 
5090 
5091 
5092 
5095 
5096 
509 7 
5098 
5099 
51 01 
51 02 
51 03 
51 05 
51 06 
51 07 
51 08 
51 09 

Location 

Adjacent to  Attachment F i t t i n g s  

Adjacent t o  At schment F i t t i n g s  
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Table E3 (Cont. 2)  

- 
xT m-- 

1827.757 
1852.30 
1859.78 
1865.39 
1866.70 
1868.195 
1868.66 
1955.30 
1962.78 
1968.39 
1969.70 
19?1.195 
1971.66 
1930.757 
1955.30 
1962.78 

1369.70 
1971.195 
1971 .66 
1976.805 
1980.31 
1984.05 
1997.4 
1930.757 
1955.30 
1962.78 
1968.39 
1969.70 
1971.195 
1971 .66 
2016.61 
2024.09 
2023.70 
2031 . O l  
2032.505 
203;. 97 
2016.61 
2024.09 
2029.7 
2031 . O l  
2032.505 
2032.97 
2038.115 
2G41.62 

2058.71 
2016.61 
i1024.09 
X29.7 
2031.01 
2032.535 

1968939 

12045.36 

LO Feedline Body Poin t  De f in i t i on  
2 
Body 
Poin t  

5110 
5111 
5112 
5115 
5116 
5117 
5118 
5119 
51 20 
51 21 
51 22 
51 25 
51 26 
51 27 
51 28 
51 29 
51 30 
51 31 
51 32 
51 35 
51 36 
51 37 
51 38 
51 39 
51 40 
51 41 
51 42 
5145 
51 46 
51 47 
5148 
5149 
51 50 
51 51 
51 52 
51 55 
51 56 
51 57 
51 58 
51 59 
51 GO 
51 61 
51 62 
51 65 
51 66 
51 07 
51 68 
51 69 
51 70 
51 71 
51 72 
51 75  

Location 

Adjacent t o  A t  ichment F i t t i n g s  

Adjacent t o  Attachlent F i t t i n g s  

RTR 029-1 
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A f t  

TOP 
1503 

I 
5 

11 29.9 

1503 f- Feed' 

1500 - 
(1  504) 

A f t  Facing View 

T v p i c a l  a t  S t a t i o n s :  

Top Face 
B . P .  B .P .  B.P. B . P .  e.p. xT 

1119.9 1500 1501 1502 1503 1504 
1377.6 1510 1511 1512 1513 1514 
1623.8 1520 1521 1522 1523 1524 
IS71 .O 1530 1531 1532 1533 1534 

*I 973.5 1540 1541 1542 1543 1544 

*Sil!; i lar  to the other f i t t i n g s  w i t h  changes as increased 
p i n  s i z e ,  new bear ings and hardware, and an increase in 
webs and flanges. 

F i g .  E4 LO2 Feedline Attachment F i t t i n g  D w i g n  Body 
Points for a Typical F i t t i n g  S t a t i o n  
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LO2 Feed1 ine--- 7 
F1 ow 

XT = 2035.31 

Forward Face Side-Inboard Side-Outboard Top A f t  race 

c.p. B.P. B.P. B .P .  B.P. 

2035.31 1550 1551 1552 ' 1553 1554 

Note See F ig .  F29 for surrounding geometry. 

xT 

Fig. E5 LO2 Feedline Attachment Fitting f o r  Fitting 
Station XT = 2035.31 
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Table 

RTR 029-1 

852.8 
884.848 
929.14 
973.43 

1006.65 
1038.03 
1680.05 
1 102.62 
11 33.80 
1229.96 
1359.15 
1486.49 
1615.67 
1743.02 
1872.20 
1999.54 
2036.45 
1080.05 
11 13.27 
1124.50 
1133.80 
11 38.20 
1142.74 
1147.26 
1139.985 
11 50.89 
1178.35 
1192 05 
11 96.59 
1201 .ll 
1 203.84 
1204.74 
1229.96 
1242.85 
1256.55 
1261 39 
1265.61 
1268.335 
1269.24 
1565.35 
1579.05 
1 583.59 
1568.11 
1590 835 
1591.74 
161 5.67 

Body 
Point 

Pressure Line Design Body Point Def ini t ions 

Location 

5282 
5302 
5322 
5352 
5362 
5382 
5402 
5422 
5432 
5482 
5552 
5622 
5692 
5762 
5832 
5902 
5922 
5402 
5422 
5292 
5432 
5312 
5332 
5342 
5372 
5392 
541 2 
5442 
5452 
5462 
5472 
5432 
5482 
5502 
551 2 
5522 
5532 
5542 
5E06 
5562 
5572 
5562 
5592 
5602 
561 2 
5692 

Upper Centerl ine o f  Press. Line 
7 

Upper Centerl ine o f  Press. Line 
Adjacent to  Line Attachnsnt 
F i t t i n g s  - 
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Table X (Cont. 1 

RTR 029-1 

I GO2 Pressure Line Design Body Point Def ini t?ons 

1823.35 
1837.05 
1841.59 
1846.11 
1848.835 
1849.74 
1872.20 
1887.85 
1901.55 
1906 09 
1910.61 
191 3.335 
1 91 4.24 
1952.35 
1966.05 
1970.59 
1975.11 
1 977.835 
1978.74 
1999.54 

~ 

5632 
5642 
5652 
5662 
5672 
5682 
5832 
5702 
571 2 
5722 
5732 
5742 
5752 
5772 
5782 
5 792 
5802 
581 2 
5822 
5902 

~ ~ 

Location 

Adjacent t o  Line Attach- 

ment Fitti? 
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5.87" 

861.9 (Side V iew)  

i t-7*27 
I I:  5.87* 

I 
1 \ _ L  

895.9 (Side View) 

LECTRICAL COna#;IT 

1. FROM !IF FITTI% 
2. MCi! !!F FITTING 
3. f 3 E  0' CiTTIl$ 

2 ?@ 

Cross-Sectional View Type C Fitting 
-- -- 

P, ,tuherance Body Point Defin't ions 

ioca t i on 

i (1  1 Front o f  60, P~ess?ine/Llectrical Conduit F i t t i n g  
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Table 

L 

1082.0 

1 
1150.8 
1151.8 

1152.8 
I 

:q:: 1206.6 

1269.3 
1270.3 

1 
1271.3 

1334.8 
1399.4 
1464.0 
1528.6 

1592.2 
1593.2 

I 
1594.2 

1657.8 
1722.4 
1787.0 

w 
Point  

go162 
40163 
80164 

156Q 
1561 
1552 
1S3 
1564 

1570 
1571 
1572 
1573 
1574 

1 580 
1581 
1582 
1583 
1584 

No B. P. 

I 
1590 
1591 
1592 
1593 
1594 

No 6. P. 

LesatiQn 

Front aQ F i t t i n g  
Back of  F i t t i n g  
Side of F i t t i n g  

Forward Face 
Side Fa-InboawP 
Side Faoe-olltlmarvP 
lop Face 
A f t  Face 

Forward Face 
Side Face-Inbrd 
Side Face-Outboard 
Top Face 
A f t  Face 

Forward Face 
S i  de Face- Inboard 
Side Face-Outboard 
Top Face 
A f t  Face 

Forward Face 
Side Face-Snboard 
Side Face-Outboard 
Top Face 
A f t  Face 

*Towards ST=Oo 
**Away from oT=0' 
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REMTECH INC 

Body 
Point 

RTR 029-1 

Location 

Table El1 (Cont.) 

Antige 
Line A 

~~ 

1850.6 
1851.6 

I 
1852.6 

1915.2 
1916.2 

1 

1 

1917.2 

1978.7 
1979.7 

1980.7 

I 

1600 
1601 
1602 
1603 

I 1604 

I 1610 
161 1 
1612 
1613 
1614 

I 

1620 
1621 
1622 
1623 
1624 

Forward Face 
S i  de Face- Inboard 
S i  de Face-Ou tboa rd 
Top Face 
A f t  Face 

Side Face-Inboard I 

5 i  de Face-Outboard 

A f t  Face 

Forward Face I 
I 
I 

Top Face I 
I 

Forward Face 1 
Side Face- Inboard i 

Side Face-Outboard ! 

i Top Face 
A f t  Face 

I I I 
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(3-r = 34" 

I 
5327 

15.5" 
6347 - __- 

6337 

XT 
985.675 

Body 
Points 

xT 
(In. 1 Surface 

985. €75 
994.645 
994.645 

i 1013.275 
I 1013.275 

1 1040.875 

6367 
531 7 
6337 
5327 
5357 
634/ 

-.- 

I 
i Fairing Forebody ! 

Fairing Afterbody I 
Fairing Side I 

On Intertank Sidewall Near Fa?ring 

On Intertank Sidewall Near Fairing 

On Intertank Sidewall Near Fairing 

i 

1 
I -- 

Fig. E12 i.C2 Antigeyser Line Fairlng body Point Definition 
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REMTECH INC- RTR 02s-1 
Table E13 

LO2 Antigeyser Line Design Body Po in t  Def in i t ion dT=340 

lllE0.05 
1 1  13.27 
11 38.80 
1 229.9' 
1359.1,. 
1486.49 
1615.67 
1743.02 
1872.20 
1999.54 
2036.45 

1080.05 
1113.27 
1124.5 
1133.8 
1138.2 
1 1  42.74 
1147.26 
1 1  49.985 
1150.89 
1 1 56.34 
1160.86 
1165.4 
1 1  78.35 
1192.05 
11 96.59 
1201.11 
1203.84 
204.74 
210.19 
214.71 
21 9.25 
229.96 
242.85 
2t6.55 
261 -09 
1265.61 
1266.335 
1269.24 
1 2 i 4 . 6 S  
1275.31 
128;.75 
1565.35 
1579.05 
1 5 X .  59 
1513.;1 
1590.835 
1 3 1 . 7 4  

I 1 

I 

! 
! 

I 

I 

i 
I 

1 

5403 
5423 
5433 
5483 
5553 
5623 
5693 
5763 
5833 
5903 
5923 

5403 
54?3 
501 3 
5433 
5023 
5033 
5043 
5053 
5063 
5073 
5083 
5093 
51 03 
51 13 
51 23 
51 33 
51 43 
51 53 
51 63 
51 73 
51 83 
5483 
5203 
521 3 
5223 
5223 
5247 
5253 
5263 
5273 
5283 
5305 
531 3 
5322 
5333 
5343 
5353 

Loca t i on 

t 
Upper Center1 i n e  o f  Aniigeyser 

Line 
LO2 Antigeyser Line Adjacent 
t o  Line Attachment F i t t ings  

I 



REMTECH INC. RTR 029-1 
Table E13 (cont.1 

LO2 Antigeyser Line Design Body Point Definit ions (Continued) 

1597.19 
1601 .71 
1606.25 
1615.67 
1823.35 
837.05 
841.59 
846.11 
848.835 
849.74 
855.19 
859.71 

1864.25 
1872.20 
1887.85 
1901.55 
19c ;c9 
;91 .61 
191 :. 335 
7914.24 
191 5.69 
1921.21 

1552.35 
1966.05 
1970.53 
975.11 

1977.335 
3378.74 
1984.19 
1988.77 
1993.25 
1999.54 

19 -8.75 

Body 
Point 

5363 
5373 
5383 
5693 
5406 
541 3 
5407 
5408 
5443 
5453 
5463 
5473 
5409 
5833 
5503 
551 3 
5523 
5533 
5543 
5504 
5563 
5573 
5523 
5603 
561 3 
5606 
5633 
5643 
5653 
5663 I 

Location 

LO2 Antigeyser Line Adjacent t o  
Line Attachment F i t t i n g s  
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-. 

Body-Point Location 

80090 

E009 1 

80092 

Top o f  S h i e l d  Front Step 

Top o f  Shield Flat  Sectio,i 

Bottom o f  Shield Front Step 

RTR 023-1 

Bottom o f  Shield i n  Gap 

80091 
80090 1 ‘ . 8  i 

F i g .  E15 Typicai LO Antigeyser Line Shield Forward o f  Each Fit t ing Location 
( XT= 1850.6 6 ) 
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Table E18 

RTR 029-; 

~~ 

E l e c t r i c a l  Conduit Center l ine And Forward And A f t  
Fa i r i ng  Design Body Point  De f in i t i ons  

€99.0 
905.0 
,905.0 
909.2 

1074.4 
1074.4 
1081.4 
1133.d 
1229.95 
1359.1 5 
1486.49 
1615.67 
1743.02 
1872.20 
1999.54 
2036.45 
1133.8 
1138.2 
11 42.74 
1147.26 
1149.985 
1150.89 
1 1 78.35 
1192.05 
11 96.59 
1201.11 
1203.94 
1204.74 
1229.96 
1 242.85 
1256.55 
1261 .09 
1265.61 
1268.335 
1269.24 

Body 
Point  

5398 
5397 
6394 
5396 
5424 
6395 
5395 
5434 

5554 
5624 
5694 
5764 
5834 
5904 
5924 
5424 
50i 4 
5024 
5034 
5044 
5054 
5064 
5074 
5084 
5094 
51 04 
51 14 
5484 
5134 
5 1 3 4  
51 44 
51 54 
51 64 
51 74 

5484 

Locat i o n  

Forward Cpnduit A f t  Fa i r i ng  Upper Surface 
Forward Conduit A f t  Fa i r i ng  A f t  Face 
Located on In te r tank  Sidewall Near the Fa i r i ng  
Condd t A f t  Fat r i n g  A f t  Face 
Conduit A f t  Fa i r i ng  Afterbody 
On In te r tank  Sidewall Near Fa i r i ng  
A f t  Conduit Forward Fa i r i ng  ForeboQ 
Upper Centerl !ne r J f  Conduit (3T=37.7" - 

1 
Upper Center1 i ne o f  Conduit 
Upper Center l ine (Attachment No. 1) - 

1 
t 

Upper Center1 ine  (Attachment No. 1 
Upper Center l ine (Attachment No. 2 - 

Upper Center l ine (Attachment No. 2) 
Upper Centerl i ne  (Attachment No. 3) 

Upper Center l ine (Attachment No. 3) 
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Table E18 (Cont.) 

- 
Electrical Conduit Centerlive And Forhard Arid 
Aft Fairing Design Body Point Definitians 

XT 

(In. 1 

1565.35 
1579.05 
1583.59 
1588.11 

1591 .74 
161 5.67 
1823.35 
1837.05 
1841.59 
1846.11 
1848.835 
1849.74 
1872.20 
1887.85 
1901.55 
1 906.09 
1910.61 
1913 335 
1 91 4.24 
1952.35 
';66.05 
'370.59 

590.835 

1975.11 I 1977.835 
1978.74 I 1999.54 

Body 
Point 

5184 
5194 
5204 
521 4 
5224 
5234 
5694 
5 244 
5254 
5264 
5274 

5294 

5304 
5314 
5324 
5334 
5344 
5354 
5364 
5374 
5384 
5394 
5404 
541 4 
5904 

5284 

5834 

Loc a t i on 

Upper Centerline (Attachment No. 8) r 
Upper Centerline (Attachment No. 8) 
Upper Center1 ine (Attachment No. 12) 

1 

J 
Upper Centerline (Attachment No. 12) I 
Upper Centcrl ine (Attachment No. 13) 

T 

Upper Centerl'ne' (Attachment No. 13) 
Upper Centerline (Attachment No. 14) 
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-. 

GHq Pressurc L i n e  F a i r i n g  

12.5" -1 

YT1 062.1 

S i  de \! i ew 

I Eody Surface 
P o i n t s  

1062.1 
1066.1 
11J69.40 
1074.6 
1074.6 
1069.35 

5325 
5305 
54b5 
5315 
6335 
5345 

Forward o f  F a i r i n g  
Fai r i n g  Forebody 
i - a i r i n g  Cen te r l i ne  
Fa i r i  ng A f  terlrody 
Outboard o f  Fa r ing  
F a i r i n g  :!de 

t io tc :  Body P o i n t s  6325 and 6335 a r e  l oca ted  
on t h e  I n t e r t a n k  Adjacent. ts  t he  GH2 
Pressvre L i i i e  Fa!rins. 

F i g .  E19 G!t2 Pressure  L i n e  F a i r i r l y  Lady Point D e f i n i t i c i ;  
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Table E20 

RTR 029-1 

GH, Pressure Line Body Poin t  De f in i t i on  (-)15330° 
L 

XT 
(In.) 

7- 

1 Jb r.09 
1133.84 
1229.96 
1359.15 
1486.49 
161 5.67 
1743.02 
1872.20 
1994.19 
2036.45 

1113.31 
1141.84 
1148.98 
1150.34 
11 58.44 
1160.27 
1162.54 
11 72.65 
1196.15 
1203.29 
1204.65 
1212.75 
1214.58 
121 6.85 
1237.65 
1302.65 
1326.15 
1333.29 
1334.65 
1342.75 
1 344.58 
1346.85 
1367.65 
1887.65 
1911.15 
1918.29 
191 9.65 
1927.75 

- 
BOdY 
Poin t  

5425 
5435 
5485 
5555 
5625 
5695 
5765 
5835 
5905 
5925 

541 5 
5445 
5455 
5465 
5475 
5495 
5505 
551 5 
5535 
5545 
5565 
5575 
5585 
5595 
5605 
561 5 
5635 
5645 
5655 
5565 
5675 
5685 
5705 
571 5 
5725 
5735 
5745 
5755 

- 

- 

~ ~- 

Location 

llpper Centerl ine Press. L ine  

7- 

1 
Upper Centerl ine Press. L ine  

Adjacent t o  Attachment F i t t i n g  No. 1 

1 
Adjacent t o  Attachment F i t t i n g  No. I 
Adjacent t o  Attachment F f t t i n g  No. 2 - 

1 
Adjcfent t o  Attachment F i t t i n g  No. 2 
Adjacent t o  Attachment F i t t i n g  No. 4 

-- I .  
Adjacent t o  Attachment F i t t i n g  No. 4 
Adjacent t o  Attachment F i g g i n t  No. 13 r 
Adjacent t o  Attachment F f t t i n g  No. 13 
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Table E20 (Cont'd) 

GH2 Pressure Line Body Point Definit ion 

Body 
Point 

1924.6 

1926.9 

1947.3 

1970.8 

1977.94 

1979.3 

1987.4 

1989.23 

1991.5 

2024.5 

2048.0 

2055.14 

2056.5 

2064.6 

5775 

5785 

5795 

5805 

581 5 

5825 

584 5 

5855 

5865 

587 5 

5885 

5895 

591 5 

5935 

Line Upper Centerline 
Surface 

Adjacent t o  Attachment F i t t i n g  No. 13 

Adjacent t o  Attachment F i t t i n g  No. 13 

Adjacent t o  Attachment F i t t i n g  No. 14 

T 

Adjacent t o  Attadhment F i t t i n g  No. 14 

Adjacent t o  Attachment F i t t i n g  No. 15 

T 

Adjacent t o  Attadhment F i t t i n g  No. 15 
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I 

5.37 

1. FRONT OF FITTING 
2. BACK OF FITTING 
3. S I D E  OF FITTIFG 

3 = 330" 
I 

Sta. 1082 
Cross-sectional View Sta. 1082 

Side View 

All Other Stations 
Cross-Sectional View 

1. F O R U R D  FACE 
2. SIDE-IP!BOA!?D 
3 .  SInE-qUTBOARQ 

5. AFT FACE 
4. TOP FACE 

Side View 

F i g .  E21 GH2 Pressure Line Attachment F i t t i n g  Design Bcdy Points 
For Typical F i t t i n g  Stations 
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Table E23 

RTR 029-1 

GH2 Pressure L ine Attachment F i i t i n g  Body Point  De f in i t i ons  

1082.0 

1150.8 
1151.8 

1 
1151.8 
1152.8 

1204.6 
1205.6 

1205.6 
1206.6 

1270.2 

1333.8 
1334.8 

+ 

13 s 4.8 
1335.8 

1399.4 
1464.0 
1528.6 
1593.2 
1657.8 
1722.4 
i 787.0 
1851.6 

1916.8 
1919.8 

1919.8 
1920.8 

J. 

Body 
Point  

80063 
80064 
80065 

1630 
1631 

1632 

1633 
1634 

1640 
1641 
1642 
1643 
1644 

No B.P. 

1650 
1651 
1652 
1653 
1654 

i No B.P. 
f 
I 

t 
1650 
1661 
1662 
1663 
1664 

toca t ion  r 

Front Face 
Side Face 
A f t  Face 

Forward Face 
Side-Inboard (Towards 

S i  de- Ou t boa r d  (Away 

TOP Face 
A f t  Face 

OT'O ) 

from Or=()) 

Forward Face 
Side-Inboard 
Side-Outboard 
Top Face 
A f t  Face 
Top Centerl i ne 

Forward Face 
S i  de- Inboard 
Side-Outboard 
Top Face 
A f t  Face 
Top Centerl i ne 

Forward Face 
Side- Inboard 
S i  de-0u tboard 
Top Face 
A f t  Face 
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Table E23 (Cont.) 

GH, Pressure Line Attactment Fitting Body Point Definitions 

~ 

1979.8 
1980.8 

1980.8 
1981.8 

2057.0 
2058.0 

2058.0 
2059.0 

j. 

4 

Body 
Point 

1670 
1671 
1672 
1673 
1674 

1680 
1681 
1682 
1683 
1684 

Location 

Forward Face 
Side- Inboard 
Side-Outboard 
Top Face 
A f t  Face 

Forward Face 
Side-Inboard 
S i  de-Outboard 
Top Face 
Aft Face 
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Body P o i n t  

80099 
- - 

L - -.- 

RTR 029-1 

__- - Locat ions 
@T STA. No. S t r a p  Heat% 

330 2044 
1805 
1566 
1327 
1088 - - -- I__. - J 

/- Ilia* 

b- 

= 0.10 i n .  

F1 ow 
t--- 

Fig. E25Typical GH2 Pressure Line Flange Ground ing  S t r a p  
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2.2.4 ET/Orbiter A f t  Interface Structure 

This subsection contains geometry and body point  information f o r  a l l  

protuberances located a t  the a f t  end of the LH2 tank. The information 

sequence i s  as follows: 

0 

0 

0 

0 

0 

0 

0 

@ 

0 

0 

0 

0 

Elect r ica l  conduit 

A f t  thrust  s t r u t  

A f t  thrust  s t r u t  attachment longeron 

Vert ical  s t r u t  

Sway s t r u t  

A f t  support beam 

Bal l  f i t t i n g  

LO2 feedline, Antigeyser l ine,  and GO2 pressure l i n e  

LH2 feedline, Recirculation, and GHz pressure l i n e  

LC2 and LHz Umbilical plates 

LO2 and t H 2  feedline brackets 

He In jec t i on  system l i n e  

- 
Note: F = Div is ion 2.2.4 i n  f igures  and tables 
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Table F3 

Body 
Po in t  

RTR 029-1 

Cow9onent 
h. .'ace 

- 
Inter face  Cable and Conduit Design Body Point  D e f i n i t i o n  

Cable Tray - Forward Face 
Cable - Forward Face 

Cable - Umbil ical Cavity 
Conduit - Forward Face 
Conduit - Outboard Face 
Conduit - A f t  Face 
Conduit - Inboard Face 
Cable - Forward Face 
Cable - A f t  Face 
Cable - A f t  Face 
Cable Tray - A f t  Face 
Cable Tray - Side Face 

ET/SRB F i t t i n g  Fa i r i ng  Front Face 
ET/"RB F i t t i n g  Fa i r ing  Top 
ET/SRB F i t t i n g  Fa i r i ng  Ins ide  
Cable Tray Top 
Cable Tray Top 

Cable Tray Front 
Cable Tray Back 
ET/Orb Disconnect Fa i r i ng  Front 
ET/Orb Discocnect Fa i r ing  Back 
Crossbeam Cable Tray Top 
Crossbeam Cab1 e Tray Bot tom 
Crossbeam Ceble Tray Back 

1 

~ Cable Tray Bottom 

1 
i 
I 
1 

.. . I - --- 

[ ]Reference Body Po in t  

2- 1 00 
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P 

aJ 
3 
L 
I- 
U 

-r 
> 
W 
U 
e. - 
cn 

L 
0 ce 

0 a 

a 
t’ 
0 z 

c, 
7 
L +J 
0 

+J 
ul 
3 
I- r c 
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c 

Body 
Point 

300 

301 

31 0 

31 1 

31 2 

31 3 

352 

351 

350 

353 

390 

391 

399 

393 

RTR 029-1 

Table F5 
ET/Orbi t e r  A f t  Thrust S t r u t  Design Body Point D e f i n i t i o n  I 

Location 

ET/Orbi t e r  A f t  Thrust S t ru t  

~~ 

4 (deg.) 

0 

180 

0 

90 

180 

270 

0 

90 

180 

270 

0 

90 

180 

270 

2-102 
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Table F7 

RTF: 029-1 

I Thrust Strut  Attachment Longeron Design Body Point Def ini t ion 
- 

Sody 
Point 

941 

942 

943 

944 

545 

946 

947 

948 

949 

950 

956 

957 

958 

Location 

Forward Face 

Upper Face 

Side Face 

Forward Face 

Forward Face 

Upper Face 

A f t  Face 

Upper Face 

Upper Face 

Upper Face 

A f t  Face 

Upper Face 

A f t  Face 

4.5 

‘6.5 

15.0 

3.0 

4.5 

4.75 

5.L 

63.5 

63.5 

63.5 

101 .o 
133.0 

166.5 

-/ 

rl ( i n . )  

16.25 

24.3 

20.0 

10.5 

5.0 

5.0 

5.0 

27.496 

16.25 

5.”  

1 6 . ~ 5  

16.25 

16.25 

2-1 04 
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279 f$ 90 
160 

450 ! 

' ,' (452)  
? 451 

5 ide  View (True)  A f t  View 

r;ote: Thr body p o i n t s  enclosed i n  parentheses are oriented 189 degree? 
f t u i i  t h e  location shown in the r e s p e c t i v e  view. 

. i g .  F8 ET/Orbiter Aft V e r t i c a l  Strut Design Body Point D e f i n i t i o n  

2- 105 
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Table F9 
ET/Orbiter A f t  Ver t ica l  Strut  Design Body Point D e f i n i t i o n  

Body 
Point 

400 

401 

41 0 

41 1 

41 2 

41 3 

462 

45 1 

450 

453 

490 

491 

492 

493 

499 

Location 

ET/Orbi t e r  A f t  Ver t ica l  S t r u t  

c ( i n . )  4 (des.) 

0 

180 

0 

90 

180 

270 

0 

,90 

180 

270 

0 

90 

180 

2 70 

180 

2-1 06 
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__I---- 

Poi i;t 

951 
552 
953 
954 
955 

029-1 

15.5 
23.0 

7.2 

Location 

Forward Face 
Side Face 
Upper Face 
Side Face 
A f t  Face 

= 10.5 LRef. 

l a  
\ 

954 

7 - z -  I-#- 23.75 

I--- 
L e f t  A f t  View 

951 

Planform View 

F i g .  FlG ET/Orbi t e r  Vert ical  St rut  Fitting Design Body Point Def in i t ion  
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n 1 

I 

Di a. =4.5" 
Planform View 

5 92 
99 

5011 
A 

A f t  View (True) 

180 

(590) 

Mate: The body points enclosed i n  parentheses are oriented 180 degrees 
f rom the locat ion shown i n  the respective view. 

Fig. F11 ET/Orbiter A f t  Sw2.y Strut  DesiGn Body Point Def in i t ion 
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Table F12 
1- ET/Orbiter A f t  Sway Strut Design Body Point Definit ion 

/Body Point 

! -  500 

501 

510 

51 1 

512 

51 3 

560 

561 

562 

563 

590 

591 

592 

593 

599 

Location 

ET/Orbi t e r  Lft Sway 0 

. o  
11.0 I 

I 
I 

54.75 

104.0 

109.5 

4 (des.) 

0 

180 

0 

90 

180 

270 

0 

90 

180 

270 

0 

90 

180 

270 

180 
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Body 
Point 

96 1 
962 
963 
964 
965 

- 

- L L w  
A f t  View 

.c(In.) 

Forward Face 5.75 
Side Face 10.5 
A f t  Face 5.75 
Side Face 0 
Top Face 5.75 

Loca t i on 

964 
963 

Planform View 

F i g .  F13 ET/Orbiter Sway Strut F i t t i n g  Design Body Point Def in i t ion  
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610 620 

698 I699 672 

Planform View- Typical 
Cross -Sec t i on 

LRef, = 176.5" 

A f t  View 

F i g .  F14ET A f t  Support Beam Design Body F d n t  D e f i n i t i o n  
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Table Fl5 

- __--.-- -..- _+-- - 

ET A f t  Cross Beam Design Body Point Def in i t ion 1 
Body 
Point  

61 0 
61 1 
61 2 
613 
620 
621 
698 
623 
601 
602 
603 
650 
653 
670 
671 
672 
673 
690 
691 
692 
693 
699 

Location 

Forward Face 
Upper Face 
A f t  Face 
Lower Face 
Forward Face 
Upper Face 
A f t  Face 
Lower Face 
Forward Face 

Upper Face 
Lower Face 
Forward Face 
Upper Face 
A f t  Face 
Lower Face 
Forward Face 
Upper Face 
A f t  Face 
Lower Face 
A f t  Face 

1 

44.2 

90.5 

90.5 
132.0 

I 
f 

172.5 

I 
40.5 

RTR 029-1 
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--- --. I ___- .- - _--_ __ 
Body Point Coriimen t 

-- - - 
80030 

E0331 1 80032 
Heatfng t o  Top o f  Gap Control Spacer 

Heatinc, t o  Front o f  Gap Control Spacer 

Heating t o  A f t  Face o f  Gap Control SpaLer 

ET Crossbeam 
Orbi ter  OML 

Flow 
____IL 

XT = 2035.64 

2.0 2 l . @  

w- 80031 

Lt 
80030 I T O R B  OML 

-a-- 
Fwd 

F i g .  r16 ET/Orbiter Gap Control Spacer 
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vrn 

i 
ET Support Beam 

Planform View 

(975) 

(P76 

&.J 
A f t  L e f t  View 

V- 
05 

L e f t  Side View 

74 

9 78 
P1 anform Vie\, 

Fig. F17 ET/Orbiter A f t  Ball F i t t i n g  Design Body Point Def in i t ion  
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Table F18 

1 ETIOrbiter A f t  Bal l  F i t t i n g  Design Body Point Def in i t ion  I 
Point 

97 J 

976 
977 
978 

Location 

Outboard Side 
Upper Surface 
Lower Surface 
A f t  Face 
Forward Face 
Forward Face 
Outboard Face 
A f t  Fac? (Right Component) 
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Pressurization L i  ne 
Antigeyser Line 

1 

i 
i 
i 

Fig .  F19 LO2 Feed1 ine ,  Antigeyser, and Pressurization Line Def in i t ion  
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Table F21 

I Location I Poin t  

RTR 029-1 

4 (Des.) 

1 a0 
-- i, ( I n . )  

0 
- -  - . - - __--- 

LO2 Feedline, Antigeyser, and Pressurization L ine Design Body Point 3 e f i n i  t i o n  

17.0 

32.3 
48.22 
8.5 

71 9 LO2 Feed1 i n e  
71 7 I 

702 
703 
71 8 
704 
734 
705 
706 
710 
71 5 
709 
707 
71 1 
71 2 
71 3 
71 4 
708 
71 6 
74 0 
74 1 
742 
743 
744 
74 5 
751 
7 52 
753 
7 54 
755 
756 
757 
7 58 - 

LO2 Ant 

LO, Pre 

eyser Line 

uri;;tion Line 

5 38.22 
! 44.22 

2.0 1 13.5 
I 

i 

25.0 
10.5 
32.5 
T 
t 32.5 

55.0 
61 .O 

I 1 .0 

0 

0 
0 
90 

180 
270 
90 
0 

1 PO 
2 70 
0 
90 

180 
270 
0 
90 

180 
270 
180 
3 
90 

180 
270 
180 
180 
0 
90 

180 
2 70 

. 180 
180 
180 

I 

I 1 
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F i g .  F22 CH2 Feed1 ine ,  Rec i r cg la t ion ,  and Pt -e s sd r i za t ion  Line Def in i t i on  

2-119 



R E M T t C k i  

m m 
h 

(u 
0 
h 

L 

L 

c m 
h 
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Table Fz4 

760 

RTR 029-1 

LH Feed1 ine, Recirculat ion,  and Pressur izat ion Line Design Body Point  D e f i n i t i o n  L 

76 1 
762 
763 
764 
765 
766 
767 
768 
770 
771 
772 
773 
7 74 
779 
776 
777 
778 
- -_I._p 

Location 

LH2 F! dl i ne 

L”2 

LH2 

Pressur izat ion Line 

Reci rcu lat ion Line 

E ( In . )  

0 
20.45 
41.5 
62.0 
31 .O  

T 
31 .O 
52.0 

T 
52.0 

5Y 
58.0 
1.6 

21.4 
1 .o 
9.1 

32.0 

T 
32.0 
54.0 
60.0 
60.0 

1.7 
20.2 
34.25 

T 
34.25 
58.5 
64.5 
64.5 

f 0 

90 
180 
270 
0 
90 

180 
270 
0 
90 

180 
270 
180 
180 
180 
180 
0 
90 

180 
270 
180 
0 

180 
180 
180 
0 
90 

180 
2 70 
180 
0 

180 
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Location i r ( In.)  
Body j 
Point I 

I 
---- -c-- I__-__. - -. 

1 13.0 99 1 
99 2 I 12.3 
993 1 14.2 

12.3 
995 I 24.0 
994 I 

.-- -- -_-- -.-.-__- 1 

RTR 029-1 

,3 (Des.) < ( In . )  
._ - __ 

0 2.8 
90 
180 
2 70 
1813 2.8 

T 

' --i 
270 994 

ET Separation Plane! 

lMli 
(992) 

7 ,993 - 
995 

L I 

Pressuri za 
i 
! 

Line 

S i  de i ew 

V r 

t i o n  

Planform View 
(Looking From ET i n t o  Cavity) 

Note: The body point  shown i n  parentheses i s  oriented 180 degrees from the 
locat ion shown i n  the respective view. 

i ne 

Fig. F 2 C  LC2 Ultibilical Plate Design Body Point Def in i t ion  
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LO2 Feedline 

.- 

Hfnge fiembers -A 

I i 
I ,)’ 
* -  LH2 Feedline Support 

Structure 

i n e  Support 
Bulkheads 

F i g .  F28 1112 and LO? Feedline Bracket Body P o i n t  D e f i n i t i o n  
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Outboard Support Bracket 

Inboard Support Bracket I 

979 

980 

F i g .  F29 LO2 Feedline F i t t i n g  Body Paint  Def in i t ion  
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2.2.5 ET/SRB A f t  In ter face Structure 

This subsection contains geometry and body point information for the 

ET/SRB a f t  interface structure. The fnformatlon sequence i s  as follows: 

0 Upper a f t  s t rut  f i t t i n g  

@ Lower a f t  s t ru t  f i t t i n g  

0 Upper and diagonal struts 

I Lower s t ru t  

Note: G = Division 2.2.5 i n  figures and tables 

2-129 



RTR 029-1 

Fig. G1 Aft ET/SRB Orientation (Looking Forward) 
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Body 
Point Location c ( I n 4  t-~ ( In . )  

91 0 Fcrward Face 19.1 6.0 
91 2 Side Face 22.6 6.0 

91 4 A f t  Face 19.1 6.0 

- .  ~ 

91 3 Upper Face 6.4 9.4 
t 

RTR 029-1 

T 
.20" 

Le f t  A f t  View Side View 

Fig. 62 ET/SRB Upper Aft S t r u t  F i t t i n g  Design Body Point 
Def lnl  t i o n  
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Diagonal S t ru t  A f t  Stagnation 
Line 7- 

RTR 029-1 

8.9325 180 
17.865 180 
26.7975 180 

Point I 

Upper and Diagonal S t ru t  
Forward Stagnation Line 
Upper S t ru t  A f t  Stagnation LineT 

Locatiort 

0 - 
0 18G 

5 8.9325 
17.865 
26.7975 
35.73 180 

I I 

525 
550 
575 

700 
701 
725 
750 
775 
799 

F ig .  63 ET/SRB A f t  Upper and Diagonal S t ru t  Design Body Point Def in i t ion  
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Body 
Point 

91 1 
922 
923 
924 

RTR 029-? 

I 
Location E ( I n . )  n ( I n . )  

Forward Face 10.50 2.48 
Side Face 4.475 5.8 
Side Face 15.40 5.8 
A f t  Face 10.50 2.48 

SRB Lateral  S t ru t  (Lower) \ 
A f t  Lower F i  tti ng 

"oa - 

17.7" - -  I. - 
- 5  

L e f t  A f t  View Side View 

Fig. 64 ET/SRB Lower Aft Attachment Strut F i t t i n g  Cesign Body Poin t -  Defini t ion 
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1 I 

RTR 029-1 
ET 

r 

ET 

Body 
Point Location 

5 ( I n . )  I 
800 
801 
825 
850 
875 
899 
851 
852 

Forward Stagnation Line 
A f t  Staqnation Llne 

-- 
0 

8.9325 
17.865 
26.7975 
35.73 
17.865 

1 17.865 

Q, (Des.) 

0 
180 

180 5 
45  
90 

Fig.  G5 ET/SRB A f t  Lower S t ru t  Design Body Point Def in i t ion  
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ARC 3 

SECTION 3 

IH-51A DATA 
3 

TGs section describes the data obtained i n  a tes t  conducted a t  the NASA/ 

5 Foot Hypersonic Wind Tunnel using a simulated external tank (ET) and 

o rb i te r  forebody (Ref. 1). The ET was simulated by a f l a t  p l a t  w i th  the pro- 

tuberances located as i f  the cyl inder section was unrolled. The data used 

i n  t h i s  analysis was obtained from a f a c i l i t y  pr intout.  This section provides 

a t e s t  description, reduced data, a comparison o f  addi t ive and mul t ip l i ca t i ve  

methods, and methods f o r  appl icat ion t o  f l i g h t .  

3.1 Test Description 

? 

The IH-51A tes t  was conducted using a 0.C4-scale t h i n  sk in  thermocouple 

instrumented Model 58-0. The ~ o d - 1  consists o f  a 0.04-scale SSV o rb i te r  fore- 

body mounted above a f l a t  p la te representing a ro l led  oL;t upper section o f  the 

ET. The f l a t  p la te inserts and attached scaled ET protuberances contained 

325 theanoccuples. 

heating effects on the upper port ion of the ET i n  the proximity of the external 

The object ive o f  the tes t  was t o  investigate interference 

hardware a t  Mach 5.3. 

The fol lowing nominal operating conditions were used during the test. 

Mm ! R e / f t  x I Po(psia) I T O ( O R )  
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The test configurations used during each of these operating conditions are 

shown in Fig. 3.1. These configurations are described as follows: 

5 Undisturbed, clean skin 

4 Oribter interference, proximity 

3 Tiedown interference, forward attach strut interference 

2 Tunnel -interference; cable tray, L O 2  feedline, GO2 pressure 
1 ine interference, LO? antigeyser 1 ine 

1 Total interference, total geometry 

The thermocouple locations on plate X I  are shown in Fig. 3.2. This 

plate has been divided into regions A to G for ease of analysis and presentation. 

Thermocouple locations on protuberances are shown in Fig. 3.3. 
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Fig.  3.1 TH-51A Tes t  Conf igurat ions 
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3.2 Reduced Data 

The heating data was reduced by nondimensional iting the heat transfer 

coefficient data with the undisturbed flat plate heat transfer coefficient in 

the following manner: 

(hi/href)/(hu/href) 

The value of hu/href was evaluated from experimental data of  configuration 5. 

Figure 3 . 4  shows the measured values of h/href for configuration 5 .  The tur- 

bdlent theory cf Dirling (Ref. 3.2) agrees with the high Reynolds number data. 

The data for the low Reynolds number is transitional over almost the entire 

plate. Consequently, the low Reynolds number data was dropped from consideration. 

For nondimensional ization purposes a smaller range in axial distance 

that, shown in Fig. 3.4 was all that was required. 

shown in Fig. 3 . 5  was used throughout this work to nondimensionalize the data 

for all five cmfigurations. 

As a result, the data fairing 

The data for the skin i s  presented 4icording to the regions defined 

For each reg ion  a table of thermocouple locations are given. iri Fig. 3 . 2 .  

The t a b l e  consists of thermocouple number, station nunber, B, P. number, 

equivalent full scale axial distance, equivalent tank axial coordinant and 

equivalent circumferential coordinant. The transformations from model t o  full 

scale ET is  

;< 
CT 

except  for T/C 

where cT = 8.0 

111 addition t o  t h e  t a b l e s ,  

= 25 (STF. nurber) (inches) 
= 8.3836 (e .  P. number) (Deg 1 
s near and orl the LO2 feedline 

76 (B .  P. number) (W. 1 
the  therhiocouple locations for each region are shown 
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pictor.ially. The interference factors f o r  each configuration i s  then given 

sequentially 

5 Clean skin 

4 Orbiter interference 

3 Tiedown interference 

2 Tunnel interference 

1 Total interference 

a f te r  the thermocouple p i c to r i a l .  

Table 3.1 and Figs. 3.6 t o  3.11 present the information f o r  region A. 

Figures 3.8 and 3 .9  show tha t  neither the o rb i te r  o r  tiedown influences region A. 

Thus, the t o t a l  interference effects i n  region A shown i n  Fig. 3.11 are due t o  

the f a i r i n g  and tunnels. 

Table 3.2 and Figs. 3.12 t o  3.17 present the information f o r  region B. 

Figure 3.14 shows the effect of the o rb i te r  shock crossing the tunnel locations. 

The tiedown shock interference shown i n  Fig. 3.15 occurs i n  nearly the same 

locations as the o rb i te r  shock. The peak factors due tunnels alone are smaller, 

as shown i n  F ig .  3.16, than the o rb i te r  o r  tiedown peak factors, Total i n te r -  

ference factors f o r  region B are given i n  Fig. 3.17. 

Table 3.3 and Figs. 3.18 t o  3.23 present the information f o r  region C. 

The o rb i te r  s ign i f i can t ly  influences the heating over the en t i re  region C as 

shown i n  Fig. 3.20. The tiedown has a less s ign i f icant  ef fect  than the o rb i te r  

as shown i n  F ig.  3.21. The tunnels create even a smaller e f fec t  than the 

tiedown as  i l l u s t r a t e d  i n  F ig .  3.21. The to ta l  interference effects are qu i te  

severe i n  region C as shown i n  F ig .  3.23. 

Table 3.4 and Figs. 3.24 t o  3.29 present the information f o r  region D 

which i s  around the tiedown. The o rb i te r  shock impingement interference begins 

3- 5 
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s l i g h t l y  ahead o f  the tiedown as shown i n  Fig. 3.26. 

a s ign i f i can t  distance behirid the primary shock impicgement location. 

tiedowns region o f  influence and ampli f icat ion factors are about the same as 

the orb i te rs  as shown i n  Fig. 3.27. The shock o f f  o f  the LO2 feedl ine fa i r ing  

produces low level  heating ampl i f icat ion over most o f  t h i s  region (Fig. 3.28). 

Total factors f o r  t h i s  region are given i n  Fig. 3.29, 

The peak heating occurs 

The 

Table 3.5 and Figs. 3.30 t o  3.35 present the information f o r  region E 

around the LH2 pressure l i n e  -orward end. The o rb i te r  influences only the upper 

r i g h t  corner o f  region D as shown i n  Fig. 3.32. The tiedown influences the same 

area (Fig. 3.33). The tunnel amplif ies the heatin, i n  a small area near i t  

(Fig. 3.34). The t c t a l  interference pattern i s  much more severe than the com- 

bination o f  components would indicate as shown i n  Fig. 3.35. 

Table 3.6 and Figs. 3.36 t o  3.41 present the information f o r  region F 

around the midsection of the LH2 pressure l ine.  

e f fects  are qu i te  s ign i f icant  i n  t h i s  region as shown i n  Fig. 3.38. 

interference i s  less s ign i f i can t  than f o r  the o rb i te r  as i l l u s t r a t e d  i n  Fig. 3.39. 

The tunnel in ter ferenceis  ab ’ the same magnitude as f o r  the tiedown around the 

tunnel as  shown i n  Fig. 3.40. The t o t a l  interference i s  given i n  Fiq.  3.41. 

Table 3.7 and Figs. 3.42 t o  3.47 present the information f o r  region G 

The o rb i te r  interference 

The tiedown 

around the LH2 pressure l ine .  

f r o m  near the top centerl ine moving outward. The tiedown shock sweeps t h i s  

ray l i n e  g iv ing the increased heating shown i n  Fig. 3.45. The tunnel and 

tiedown interference factors are nearly the same a s  shown i n  Fig. 3.46. 

interference factors fo r  t h i s  region are given i n  Fig. 3.47. 

Figure 3.44 shows a rad ia l  increase i n  heating 

Total 

The interference factors on the protuberances are given i n  tabular f o r m  

i n  Table 3.8. The to ta l  interference factors f o r  both the A and B configurations 
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amp1 if 

change 

data d 

same. 

(short and long plates respectively). The components of the to ta l  are given for 

the B configuration only. The percent change of the A configuration data from 

the 8 configuraticn data was calculated f o r  each T/C. 

centage ;as 0.51%. Thus, on the average there was no difference i n  the heating 

The mean o f  t h i s  per- 

cation i n  the A or  B configuration. 

o f  the two data sets was 13.85 percent, 

One standard deviation o f  the percent 

Thus, there are indiv idual  

the whole the sets are the fferences as can be seen i n  Table 3.8 but on 

Some o f  the protuberance data are presented 

w i th  an analysis o f  the addi t ive and mu l t i p l i ca t i ve  

predict ing protuberance heating. 

n the next section along 

combination methods f o r  
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REMTECH INC- RTR 029-1 
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REMTECH I N C -  RTR 029-1 
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RTR 029-1 

i 
T/C -7 

101 
102 
103 

21 7 
21 8 
21 9 
220 

22 1 
222 
223 
224 
225 

226 2 
227 -% 

228 
229 
2 30 

231 
2 32 
233 
2 3  
235 

236 
237 
2 38 
239 
240 

241 
242 
243 
244 
245 

STA No. 

36.196 
38.196 
40.196 

39.296 

1 
39.296 

37.195 
37.896 
38.246 

38.596 
38.896 
39.016 
39.156 
36.296 

37.296 
37.796 
38.296 
38.696 
38.896 

39.096 
37.196 
37.896 
38.246 
38.596 

38.946 
39.546 
4J. 296 
41.026 
39.546 

t 

TABLE 3.1 

T/C LOCATION TABLE 
REGION A 

~~ 

B. P. 

Y 
0.60 
1.10 
1.60 
2.00 

2.20 
2.40 
0.74 
1.44 
1.80 

2.16 
2.43 
2.57 
2.72 
2.87 

2.87 I 
2.87 
4.98 
4.27 
3.91 
3.56 

3.21 
2.22 
2.10 
2.10 
3.46 

- ~~ ~ 

X 
(Inches)* 

582.40 
632.40 
682.40 

659.90 

1 
659.90 

607.40 
624.90 
633.65 

642.40 
649.90 
652.90 
656.40 
584.90 

609.90 
622.40 
634.90 
644.90 
649.90 

654.90 
607.40 
624.90 
633.65 
642.40 

v 

651.15 
666.15 
684.90 
703.15 
666.15 

xT 
(Inches) 

904.90 
954.90 
1004.90 

982.40 

1 
985-40 
929.90 
947.40 
956.15 

964.90 
972.40 
975.40 
978.90 
907.40 

932.40 
944.90 
957.40 
967.40 
972.40 

977.40 
929.90 
947.40 
956.15 
964.90 

973.60 
988.65 
1007.40 
1025.65 
988.65 

5.03 
9.22 
13.40 
16.04 

17.64 
19.24 
6.20 
12.07 
15.09 

17.32 
19.48 
20.61 
21.81 
23.01 

23.01 

J 
23.01 
41.75 
35.80 
. '.78 
z5.85 

25.74 
17.80 
16.84 

27.74 
t 

*X = XT-322.5 Equ iva len t  Full Scale A x i a l  Dis tance 
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REMTECH INC. 

STA No. 

-- 

T/ c 
X 

B. P. ( I nc f le s ) * 

246 
24 7 
248 
249 
f50 

251 
252 
253 
2 54 
255 

256 
257 

TABLE 3.1 

T/C LOCATION TABLE 
REGION A (Cont.) 

40.296 
41.016 
41.566 
38.656 
39.046 

39.246 
38.596 
38.896 
39.196 
39.316 

39.696 
40.396 

3.50 

I 
4.02 8 

t 
4.02 
4.88 
4.60 
4.30 
4.18 

4.50 
4 . 5 0  

684.90 
702.90 
716.65 
643.90 
653.65 

658.65 
642.40 
649.90 
657.40 
660.40 

669.93 
687.40 

! 

xT 
(Inches) 

~. 

1007.40 
1025.40 
1039.15 
966.40 
976.15 

981.15 
964.90 
972.40 
979.90 
982.90 

992.40 
1009.90 

_____ - 

28r 
33.70 

t 
33.70 
40.91 
38.56 
36.05 
35.04 

37.73 
38.56 

* X = XT-322.5 Equivalent Full Scale A x i a l  D i s t - n c e  
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REMTECH INC- RTR 029-1 
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REMTECt-4 INC. 

- 

RTR 029-1 

I \ 
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PTR 029-1 

2 04 
205 

206 
207 
2 08 

* 209 
21 0 

258 
259 

- 
STI! No. 

42.596 
43.096 
43.596 
44.076 

44.496 
44.696 
44.896 
45. f96 
46.796 

41.446 
41.836 
42.096 

42.296 
42.496 
42.696 
42.896 
43.296 

42.696 
42.896 
43.676 
42.696 
47. E96 

42.896 
42.696 
42.916 
47.916 
44.746 

44.596 
44.066 
43.696 
45.495 
45.696 

TABLE 3 . 2  
T/C LOCATION TABLE 

REGION B 

B. P. 

1.80 

1 
1.80 

I 
4.60 
4.38 
4.48 

4.48 

3.35 
t 

1 
3.50 

1 
T 

3 . 3 2  
t 

4.02 
4.20 
4.20 
5.84 
2.25 

2.60 
2.95 
3.30 
3.35 
3.35 

( I n c b c s ) *  ( Jnciies ) 

742.40 
754.30 
767.40 
779.40 

789.90 
794.90 
199.90 
822.40 
847.40 

713.65 
724.90 
729.90 

?34.9rl 
739.90 
744.90 
7J9.50 
759.90 

744.9fJ 
749.90 
769.40  
744.90 
749.90 

749.90 
744.90 
750.40 
7f10. 40 
796.15 

787.40 
779.15 
769.90 
814.30 
819.90 

1O64.9C 
107.40 
1089.90 
1101.9c 

1 1 12.40 
1 1  17.40 
1122.40 
1144.90 
1169.90 

'936.15 
1047.40 
1052.40 

1057.40 
1 U62.40 
1067.40 
1072.40 
1002.40 

1067.49 
1072.4rl 
1091 .!lo 
1967.40 
l ( i 7 2 ,  40 

1 !112.40 
1'237.40 
11172.9(! 
1 ?7L. 90 
1 1  18.65 

1 1 09.91! 
110: .65  
1097.40 
1137.40 
1142.40 

15.08 

i 
15.09 

I 
38.565 
37.556 

t 

+ 37.556 

26.859 

1 

1 
29.34 

32.026 
t 

33.10  
35.21 
35.271 
48.96 
18.86 

20.046 
23.652 
2G. 458 
26.859 

t 

* X -: X - 322.5 Equivdlerit Full Scale ETAxial Listance T 
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STA No. 

46.076 
45.496 
45.696 
86.446 
44.496 

45.696 
46.3 :6 
45.496 
45.696 
44.816 

44.81 6 
44.316 
4 . 3 9 6  
45.196 
45.3% 

45 .596  
44 * $56 
55.1% 
45.39f 
,45.536 

44.99 
$5.l?F, 
i: 5 . 'j<fG 
25,:: >G 

T A M E  3 .2  
T I C  LOCATlON TAELE 

REGIOF; G 

8.  F. 

3 .35  
3.50 j 

4 .  t 8 

3,83 

3.83 

t 
2.52 

2.88 
3.20 
2.23 + 
i 

2.23 
2.33  

I 
j 

2 - 6 3  

i 

X 
t Inches)" 

829.40 
614.90 
8'19.90 
838.65 
814.?0 

819.90 
838.05 
814.90 
81 9-90 
797.90 

797.90 
797.90 
802.40 
e07.4q 
8 3 2 . 3 ~  

R l f . a 5  
P?? .4!: 
a;i7 45 
5i2.2c 
817.40 

892.43 
t"07.4G 
??2,40 
21 7.40 

RTR 129-1 

xT 
( '1 nc hes ) 

1151.90 
11 37.40 
1149.40 
1161 .I5 
11 37.40 

1142.40 
151.15 

1137.40 
1142.43 
1120.49 

1120.40 
1120.40 
1 124.9'5 
11z9.gfl 
1 1 34.90 

t'139.90 
1374.90 
1'1 29.90 
I t  34-90  
?13?.91! 

11:4.w 
1 IZ9.YO 
1134.90 
t 1 39.90 

c 
[Deg. 1 

26.859 
29.34 

1 

20. 1 OQ 

1 

32.11 

32.11 

35.044 
t 

23.09 
?5,65E 
17.88 

17.53 
19.481. 

1 
1 

1 

1 
.?i .OS6 

1 
1 
1 

1 
-.-L 
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RTR 029-1 
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RTR 029-1 

TABLE 3.3 
T/C LOCATION TABLE 

REGION C 

3 
T/C I*- 

110 
1 1 1  
112 
113 
114 

199 
200 
201 

21 2 
21 3 
21 4 
21 5 
316 ~ 

305 '.. 
306 
307 
3 08 
309 
31 0 

31 1 
31 2 
31 3 
31 4 
31 5 

31 6 
31 7 
31 8 
31 9 
320 

32 1 
322 
323 
324 
32 5 

STA No. 

49.196 
50.196 
52.196 
54.196 
56.196 

55. 46 P 
49,796 
51.796 
53.796 
55.646 

t 
49.196 

1 
49.196 

52.816 
c 
t 

52j316 
53.01 6 

7 
53.01 6 

53.316 1 

B. P. I ( Inches)" 

0.93 

0 
'1"" 1.43 

3.43 
2.33 
1.93 

0.93 

'2 . f2  
2.32 
2.52 
2.87 
3.20 
3.40 

4.50 
5.30 
3.35 
3.50 
3.82 

4.18 y: 
3.35 

3.50 
3.82 
4.02 
4.18 
4.48 

907.4 
932.4 
982.4 
1032.4 
1082.4 

1068.6 

t 
922.4 
972.4 
1022.4 
1068.6 

t 
907.4 

I I 
9Y*4 ggr 

1. 
997.9 

1002.9 
t 

1002.9 

i 

xT 
( Inches)  

1220.9 
1254.9 
1304.9 
1354.9 
1404.9 

1391.2 

1 
1244.9 
1294.9 
1344.9 

139 1  .2 

1229.9 

1 
12i9.9 

t 

i 

1320.4 

1320.4 

1325.4 
t 

1325.4 

i 

7.80 I 
27.50 
18.68 
16.18 

15.10 

' C  
11.99 
7.80 

17.00 
18.60 
20.20 
23.01 
25.66 
27.26 

40.24 
44.43 
28.09 
29.34 
32.03 

35.04 
37.56 
39.91 

28.09 

29.34 
32.03 
33.70 
35.04 
37.56 

't 

* X = XT-322.5 E q u i v a l e n t  Full k a l e  A i i a i  D i s t a n c e  
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RcMTtrCt-4 INC RTR 029-1 

326 
32 7 
328 
329 
330 

331 
332 
333 
334 
335 

336 
337 
3 38 
339 
34 0 

34 1 
342 
34 3 
344 
34 5 
346 

34 7 
348 
319 

--_I- 

STA No. 

53.376 
53.746 

t 
55 fg6 
55.796 
55.636 
55.796 
55.636 
54.896 

55.096 
55.296 
55.496 
54.896 
55.096 

55.296 
55.496 
54.896 
55.096 
55.296 
55.496 

54.71 6 

f 

TABLE 3.3 
T/C LOCATION TABLE 

REGION C (Cont.) 

B. P. 

3.35 
3.50 
3.82 
4.02 . 
4.18 

'i2" 

*f4 2.43 

5.30 
2.24 

t 

t 
2.43 

2.63 

1 
2.52 
2.87 
3.20 

X 
(Inches)+ 

~ 

1011.9 
1021.2 

1072.4 
f 
t 

1072.4 
1068.4 
1072.4 
1068.4 
1049.9 

1054.9 
1059.9 
1064.9 
1049.9 
1054.9 

1059.9 
1064.9 
1049.9 
1054.9 
1059.9 
1064.9 

1045.4 

xT 
(Inches) 

1394.9 

1394.9 
1390.9 
1394.9 
1390.9 
1372.4 

1377.4 
1382.4 
1387.4 
1372.4 
1377.4 

1382.4 
1387.4 
1372.4 
1377.4 
1382.4 
1387.4 

1367.9 

28.09 
29.34 
32.03 
33.70 
35.04 

37.56 
40 41 

44.43 
17.96 

17.96 

f 

1 

1 

19.48 
t 

t 
19.48 

21.09 

20.20 
23.01 
25.66 

-- 

* X = UT-322.5 t .qu iv t t len t  F u l l  k a l e  A x i a l  Distance 
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REMTECH INC. RTR 029-1 
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REEMTECH INC. 

TABLE 3.4 

T/C LOCATIGN TABLE 
REGION 0 

RTR 029-1 

104 
105 
1 06 
107 
1 08 
109 

:15 
116 
117 
118 
119 
120 

121 3 

122 - 
123 
124 
125 

126 
127 
128 
129 
130 

131 
132 
133 
134 
135 

136 
137 

2 02 
203 
204 
205 

42.196 
43.196 
44.1% 
46.196 
47.196 
48.196 

42.2% 
43.016 
42.396 
42.996 
44.056 
44.396 

44.756 
45.190 

44.056 
44.396 

44.146 
45.196 

43.096 
43.596 

44.096 
44.496 
44.696 
44.896 
45.796 

46.736 
47.796 

42.596 
43.096 
43.596 
44.376 

t 

t 

B. 9. 

'i. 
1.10 
0.38 

-1.06 
-0.40 
0.64 
1 .oo 
1.35 
1.16 
0.64 

-0.64 
-1.02 

-1.35 
-1.16 
-0.67 
-1.80 

t 
-1.80 

1 
-1.80 

t 
1.80 

X 
(Inches)* 

732.4 
757.4 
782.4 
832.4 
857.4 
082.4 

734.9 
752.9 
737.4 
752.4 
778.9 
787.4 

796.4 
807.4 
807.4 
778.9 
787.4 

796.15 
807.4 
807. J 
754.9 
767.4 

779.9 
789.9 
794.9 
799.9 
822.4 

847.4 
872.4 

742.4 
754.9 
767.4 
7%. 9 

xT 
(Inches) 

1054.9 
1079.9 
1104.9 
1154.9 
1179.9 
1204.9 

1057.4 
1075.4 
1059.9 
1074.9 
1101.4 
1109.9 

1118.9 
1129.9 
1125.9 
1101.4 
1109.9 

1118.65 
1129.9 
1129.9 
1077.4 
1089.0 

1102.4 
1112.4 
1117.4 
1122.4 
1144.9 

1169.9 
1194.9 

1064.9 
107?.4 
1089.9 
1112.4 

8 
(De9.1 

I 
9.22 
3.19 

351.11 
356.65 

5.37 
8.38 

11.32 
9.72 
5.37 

354.63 
351.45 

343.68 
350.28 
354.38 

344t 91 

344.. 91 

J 
344.91 

t 
15.09 

I 
* X r- XT-322.5 Equivalent F u l l  Scale Axial  %stance 
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REMTECH INC- RTR 029-1 

206 
207 
2 m  
209 
21 0 
21 1 

I 

STA No. 

44.496 
44.696 
44.896 
45.796 
46.796 
47.796 

TABLE 3.4 

T/C LOCATION TABLE 
REGION 0 (Cont.) 

B. P. 

1.80 
1.80 

X 
(Inches)* 

789.9 
794.9 
799.9 
822.4 
847.4 
872.4 

~~~ 

xT 
(Inches) 

1112.4 
1117.4 
1122.4 
1144.9 
1169.9 
1194.9 

15.09 
15.09 

* X = XT-322.5 E q d i v a l e n t  F u l l  Scale A x i e l  Distance 
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i 
T/C L- 

129 
130 

131 
132 
133 
134 
135 

142 
143 
144 
145 

146 
147 
148 -. 
149 
150 

151 
152 
153 
154 
155 

156 
157 
158 
159 
160 

161 
162 
163 
164 
165 

STA No. 

43.096 
43.596 

44.096 
44.496 
44.696 
44.896 
45.796 

40.396 
40.896 
41.396 
41.796 

41.996 
42.196 
40.646 
40.996 
41.345 

41.696 
41.996 
42.126 
42.266 
42.396 

42.396 

1. 
42.896 
42.646 

42.396 

TABLE 3.5 
T/C LOCATION TABLE 

REGION E 

B. P. 

-1.80 
t 

-1.80 * 

1 
-3r 
-3$7 
-1.80 
-2.15 
-2.50 

-2.86 
-3.14 
-3.28 
-3.42 
-2.06 

-2.57 
-2.97 
-3.17 

-3.23 

-3.37 
-3.77 
-4.07 
-4.35 
-4.69 

t 

X 
(Inches)* 

754.90 
767.40 

779.90 
814.90 
794.90 
799.90 
822.40 

687.40 
699.90 
712.40 
722.40 

727.40 
732.40 
693.65 
702.40 
711.15 

719.90 
727.40 
730.65 
734.15 
737.40 

737.40 

.1 
749.90 
743.65 

737.40 

xT 
(Inches) 

1077.40 
1089.90 

1102.40 
1137.40 
11  17.40 
1122.40 
1140.90 

1009.90 
1022.40 
1034.90 
1044.90 

1049.90 
1 054.90 
1016.15 
1024.90 
1033.65 

1042.40 
1049.90 
1 053.1 5 
1256.65 
1059.90 

1059.90 

.+ 
1072.40 
1066.15 

1059.90 

344.91 

1 
330.07 

1 
33q. O7 
344.91 
341.98 
339.04 

336.02 
333.68 
332.50 
331.33 
342.73 

338.45 
335.10 
333 42 

332.92 

331.75 
325.39 
325.88 
323.53 
320.68 

f 

* X = XT-322.5 Equivalent Full Scale 2: 1 D i s t a n c e  
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T/C 

166 
167 
168 
169 
170 

171 
172 
173 
174 
175 
176 

STA No. 

42.896 
43.296 
43.696 
44.046 
44.396 

44.756 
45.196 

I 

TABLE 3.5 

T/C LOCATION TABLE 
REGION E (Cont.) 

8. P. 

-3.97 
-3.25 
-3.32 
-2.97 
-2.62 

-2.27 
-2.47 
-2.97 
-3.47 
-3.97 
-4.47 

X 
(Inches)* 

749.90 
759.90 
769.90 
778.65 
7 8 7 . 4 ~  

796.40 

xT 
(Inches) 

~~ -~ 

1072.40 
1082.40 
1092.40 
1101.15 
1109.90 

1118.90 
1129.90 

l 

326.72 
332.75 
332.17 
335.10 
338.03 

340.97 
339.29 
335.10 
330.91 
326.72 
322.53 

-_II 

* X = XT-322.5 Equivalent Full Scale A x i a l  Distance 
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T/C LOCATION TABLE 
REGION F 

RTR 029-1 

i 
T/C L- 

135 
136 
137 
138 
139 

177 
178 
179 
180 

181 
182 
183 
184 
185 

18G 
187 
188 
189 
I90 

191 
192 

- 

STA No. 

45.796 
46.796 
47.796 
49.796 
51.796 

47.886 

1 
48f36 

1 

I 

47.586 

47.536 
49.196 

49.196 
t 

8. P. 

-1.80 

1 
-3.15 
-3.37 
-3.82 
-4.02 

-3.15 
-4.02 
-3.15 
-3.35 
-3.83 

-4.02 
-2.43 
-2.93 
-3.33 
-3.83 

-4.23 
-4.73 

X 
(Inches)* 

822.4 
847.4 
872.4 
922.4 
972.4 

874.6 

1 
883.4 

867.2 
t 

t 
867.2 
907.4 

1 
907.4 
t 

xT 
(Inches) 

1144.9 
1169.9 
1194.9 
1244.9 
1294.9 

1197.2 

1 
1205.9 

1189.6 
t 
t 

1189.6 
1229.9 

I 
1229.9 

t 

Q 
(Deg 

344.91 

I 
333.59 
331.75 
327.97 
326.30 

333.59 
326.30 
333.59 
331.92 
327.89 

326.30 
339.63 
335.44 
332.08 
327.89 

324.54 
320.35 

* X = XT-322.5 Equivalent Full Scale Axial Distance 
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RTR 029-1 

~~ ~ 

140 
141 

193 
194 

195 
196 
197 
198 

STA No. 

53.796 
55.796 

49t96 
49.196 

TABLE 3.7 
T/C LOCATION TABLE 

REGION G 

B. P. 

-1.80 
-1.80 

-2.43 e 

-2.93 

-5.33 
-3.77 
-4.17 
-4.67 

X 
(Inches)* 

1022.40 
1072.40 

907.40 
t 

907.40 

J 

XT 
(Inches) 

1344.90 
1394.90 

12Y*90 
1229.90 

J 

344.90 

339.60 
335.44 

332.10 
328.40 
325.00 
320.85 

* X = XT-322.5 Equivalent Full Scale Axial Distance 
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V 

- 
T/C 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
? 6  
17 
18 
19 
20 
21 

- 

33 

23 
24 
25 
26 
27 
28 
29 
30 
II 

TABLE 3.8 

INTERFERENCE FACTORS ON PROTUBERANCES 

Station 

39.457 
39.605 
39.910 
40.280 
40.670 
41.080 
39.580 
39.770 
40.145 
40.545 
40.945 
39.580 
39.770 
40.145 
;L. 545 
40.945 
44.821 
44.821 
44.521 
44.321 
4..116 
40.196 
49.196 
49.196 
49.196 
54.726 
54.726 
54.726 
54.726 
55.00 

XT 

986.42 
990.12 
997.75 

1 007.00 
101 0.75 
1 027.00 
989.50 
994.25 

1003.62 
1013.62 
1023.62 
989.50 
994.25 

1003.62 
101 3.62 
1023.62 
11 20.52 
1120.52 
11 20.52 
1 120.52 
1127.90 
1229.90 
1229.90 
1229.90 
1229.90 
1368.15 
1368.1 5 

1368.15 
1368.15 
1375.00 

- 
A 

bnf i g  . 
Total 

13.34 
18.28 
10.89 
5.07 
2:w 

.a8 
3.04 
2.30 
1.63 
1 .05 
0.98 
3.33 
3.37 
2.88 
2.33 
---- 
2.40 
4.17 
5.40 
1.47 
2.29 
2.q5 
5.86 
--- 
2.40 
4.83 
3.64 
6.30 
8.89 
9.15 

1 .o 

1 I .ll 

1.12 
1.14 
1.10 
1.02 
1 . l l  
1.12 
1.14 
1.10 
1.01 

.829 

.838 

.860 

.838 

.829 
4.44 
4.46 
4.35 
4.46 
2.25 
2.17 
2.07 
2.17 
2.25 

8.32 
14.67 
10.81 
5.64 
2.29 
1 .oo 
2.47 
1.88 
1.38 
0.55 
0.80 
3.b2 
3.15 
3.21 
1.71 
---- 
2.25 
1.43 
3.28 
2.11 
3.64 
C.85 
1.40 
---- 
0.64 
1.52 
1.21 
2.08 
1.82 
1.23 

ma- - 
9.30 

15.56 
11.32 
6.05 
2.44- 
1.05 
2.58 
1.98 
1.56 
0.99 
0.82 
3.15 
3.30 
2.51 
1.81 
2.40 
2.39 
---- 
5.32 
1.40 
2 .‘50 
2.12 
6.94 
---- 
2.66 
5.23 
3.82 
6.86 
8.71 
8.02 - 
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T/T - 
33: .. 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

52 
53 
54 
55 
56 
57 
5s 

- 

- 
59 
613 

TABLE 3.8 (Cont.) 
INTERFERENCE FACTOTS ON PROTUBERANCES 

- 
Stat  ion 

39.61 
39.77 
40.12 
40.55 
40.93 
41.34 
39.78 
40.02 
40.42 
40.82 
41.22 
39.78 
40.02 

XT 

990.25 
994.25 

1 003.00 
101 3.83 
1023.25 
1 033.38 
994.50 
1000.50 
1010.50 
1020.50 
1030.50 
994.50 
1000.50 

40.42 I 1010.50 
40.82 1 1020.50 
42.92 1072.90 
42.92 j 1072.90 
53.05 j 1326.15 
53.05 j 1326 15 
55.82 1395.40 
55.82 1 1395.40 

7 

A 
Conf i s  
Tota 1 

9.87 
8.34 
4.29 
1.96 
1.88 
2.08 
3.40 
2.94 
3.10 

- 

---- 
1.98 
5.07 
2.76 
--e- 

l .02 
' 2.01 
j 1.51 
1 5.40 
' 7.79 
' 3.67 

5.13 

I 

I 

I 

52.846 1 1321.15 
53.046 ~ 1326.15 
53.046 1 1326.15 
55.816 1 1395.40 
55.816 1395.40 

, 

3.91 
4.71 
5.56 
4.95 
4.95 
3.77 
---- 

I 

42.654 1 1066.35 ---- 
42.809 1070.22 ---- I 

B Config. 

0.85 
0.85 
3.93 

c 94 
0.94 
1.45 

3.93 . 1.45 
2.35 1.28 
2.35 1.28 

1 

1.02 1 .o 
3.82 1.18 
3.82 1.81 
3.63 1.07 
3.63 ; 1.07 
2.62 ; 1.22 

I 
I 2.62 : 1.22 

I 
I 1 .o 1 .o 

l.o j l.o 

Tunnel - 
8.22 
7.40 
4.32 
2.17 
1.90 
2.00 
3.42 
2.93 
3.06 
---- 
1.86 
3.92 
2.27 
1.15 
0.86 
1.89 
2.01 
1.57 
1.32 
1.64 
1.12 

3.56 
1.47 
1.16 
1.50 
1.59 
1.64 
1.02 

2.98 
2.98 

- 

8.27 
7.59 
4.42 
2.22 
1.94 
2.11 
3.27 
3.07 
3.23 
---- 
1.99 
4.16 
2.43 
1.34 
0.93 
2.18 
1.53 
6.08 
9.38 
4.03 
5.36 

3.63 
5.17 
6.12 
5.47 
5.47 
4.82 
4.02 

2.53 
3.11 

3-67 



RTR 029-1 

3.3 Comparison o f  Addit ive and Mul t ip l i ca t i ve  Methods 

One o f  the objectives o f  the IH-5lA tes t  was t o  provide the data t o  

determine what combination methods could be used t o  predict  the t o t a l  i n te r -  

ference factor. The two methods hypothesized p r i o r  t o  the t e s t  were the addi t ive 

and mu l t i p l i ca t i ve  methods. The addi t ive method can be stated as 

- c * 4 

Proximity Protuberance 
A1 one A1 one 

and the mul t ip l i ca t i ve  method can be stated as 

These methods are compared wi th  data on the protuberances and on the skin i n  

t h i s  section. The data presented i n  Section 3.2 par t i cu la r ly  Table 3.8, are 

used t o  make these comparisons. 

The heating ampl i f icat ion due t o  the orbi ter ,  tiedown and tunnels both 

separately and fn  t o t a l  i s  shown i n  Fig. 3.42 f o r  the centerline. The tunnels 

have negl ig ib le  e f fec t  on the heating along the skin centerl ine. The e f fec t  

o f  the tiedown and orb i te r  produce about the same magnitude ampli f icat ion. The 

combined e f fec t  o f  tiedown and orb i te r  i s  s ign i f icant ly  larger than f o r  each 

component. A comparison o f  addi t ive and mul t ip l i ca t i ve  methods i s  shown i n  

Fig. 3.43 f o r  the data shown i n  Fig. 3.42. The data below the l i n e  o f  perfect  

agreement corresponds t o  an underprediction for that  data point. The corre la t ion 

using both methods i s  poor and over ha l f  o f  the data i s  underpredicted by each 

method. For a few points the mul t ip l i ca t i ve  method substant ia l ly  overpredicts. 

Data were analyzed f o r  three stat ions along the LO2 feedline. The data 

a r e  shown i n  three parts i n  Figs. 3.44, 3.45 and 3.46. Figure 3.44 presents 

the t o t a l  interference factors f o r  the LO2 feedl ine and skin points below the 
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l ine.  The data a t  stat ions 44.8 and 54.7 are s l i g h t l y  upstream o f  the brackets 

(See Fig. 3.3). The f i l l e d  I n  square i s  an exception which i s  f o r  a thermo- 

couple next t o  the bracket on the LO2 l ine. The data show high ampl i f icat ion 

factors a t  s ta t ion  54.7 where the bottom o f  the l i n e  and skin experience more 

heating than the top o f  the feedline. Figure 3.45 shows the separate effects 

of the o rb i te r  and tunnels on the heating ampl i f icat ion f o r  the tunnel. Note, 

proximity e f fects  are measured on the skin, Fig. 3.46, whereas the f ina l  

inf luence t o  be determined i s  on the protuberance above the skin. F iguw 3.45 

presents the separate effects on heating ampli f icat ion for the skin below 

the tunnel. Note there i s  a de f i n i t e  effect of the tiedown on the skin data 

f o r  the l a s t  two stations. This i s  most probably due t o  a vortex sheet and 

higher pressure region produced by the tiedown. 

A comparison o f  the predic t ive methods and the measured resul ts  are 

given i n  Fig. 3.47 fo r  the LO2 feedl ine points. The proximity e f fec t  o f  the 

orb i te r  and the protuberance e f fec ts  o f  the tunnel and tiedown were included. 

Both addi t ive and mu l t i p l i ca t i ve  methods seriously underpredicted most o f  the 

data. 

A comparison of the predic t ive methods and data f o r  the skin below the 

LO2 l i n e  i s  given i n  Fig. 3.48. The data which i s  s ign i f i can t l y  underpredicted 

i s  for  the l a s t  s ta t ion i n  f r o n t  of the bracket. 

The LO2 feedl ine a x i a l  d i s t r i bu t i on  o f  heating ampl i f icat ion i s  shown i n  

Figs. 3.49, 3.50 and 3.51. The top center l ine d i s t r i bu t i on  i s  shown i n  Fig. 3.49. 

The heating ampli f icat ion on the f a i r i n g  i s  qu i te  high and no s ign i f i can t  

proximity e f fec t  of the orb i te r  o r  other protuberances i s  evident. The inboard 

and outboard a x i a l  d is t r ibu t ions  on the LOz feedl ine a r e  shown i n  Figs. 3.50 

and 3.51 respectively. The heating amp1 i f i c a t i o n  appears symmetrical on the 

f a i r i n g  and substantial l y  lower than f o r  the top center1 ine, 
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Figure 3.52 presents the heating ampli f icat ion data on the center l ine o f  

the antigeyser l ine.  The heating on the bottom of the l i n e  i s  surpr is ingly 

high. The comparison o f  the addi t ive and mul t ip l i ca t i ve  mcthods f o r  the top 

and bottom o f  the antigeyser l i n e  are shown i n  Figs. 3.53 and 3.54 respectively. 

Both methods underpredict f o r  high ampli f icat ion factors on the bottom o f  the 

1 f ne. 

A schematic o f  the cable t ray  along w i th  tabulated interference factors 

are given i n  Fig. 3.55. The o rb i te r  produces the greatest influence on the 

interference factors. The mul t ip l i ca t i ve  and addi t ive methods are compared with 

data i n  Fig. 3.56 for the cable tray. The mul t ip l i ca t i ve  method produces the 

best resul ts  while the addi t ive method underpredicts. 

Based on the analysis o f  the data presented i n  .nis section several 

conclusions may be drawn. Neither the addi t ive nor mu l t ip l i ca t i ve  method 

predicts well  for  sk in  points influenced by a protuberance and the orb i ter .  

Neither the addi t ive o r  mu l t ip l i ca t i ve  method predicts w e l l  for  protuberance 

points influenced by another protuberance and/or the orb i ter .  Neither method 

y ie lds a conservative method of predict ion. Thus, no acceptable method f o r  

combining protuberance and proximity data t o  y i e l d  the to ta l  interference has 

been ident i f ied.  The only current ly  acceptable method for obtaining the t o t a l  

interference effects i s  by testing. 
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i n d i  a t  d t h a t  th 

3.4 #ethods*of App l ica t ion  LO F l i g h t  

The previous sect ion (3.3) r e s u l t  e f f e c t s  o f  

protuberances and body prox imi ty  can n o t  be tested separately and combined t o  

ob ta in  the  t o t a l  Interference. The IH-51A data for  the  t o t a l  in te r fe rence was 

obtained on a f l a t  p l a t e  ra the r  than an ET model. This was done i n  order t o  

ob ta in  the protuberance s i z e  l a r g e  enough f o r  de ta i l ed  instrumentation. The 

problem of how t o  scale t h i s  data t o  f l i g h t  remains. I f a procedure can be 

developed t o  show t h a t  the IH-51A data can be scaled with ET model data, then 

the same sca l ing  procedure used f o r  ET model data can be used f o r  t he  IH-51A 

data. This sec t ion  addresses the development o f  a scal ing procedure fo r  t he  

IH-51A data. 

To determine how the IH-51A data f i t s  i n  w i t h  model OT o r  OTS data, t h e  

l o c a l  f l o w - f i e l d  must be examined. The loca l  surface Mach number on the ET a t  

the same a x i a l  p o s i t i o n  o f  the o r b i t e r  nose was examined using the method o f  

cha rac te r i s t i cs  (MOC). These r e s u l t s  are given i n  Fig. 3.57 as a func t ion  o f  

angle o f  attack. Simple f l o w - f i e l d  options are compared w i t h  the MOC r e s u l t s  

f o r  u = 0 i n  Fig. 3.58. These r e s u l t s  support other evidence i n d i c a t i n g  t h a t  

the 40' cone shock and tangent cone pressure op t ion  i s  the best simple flow- 

f i e l d  opt ion t o  use. 

The cen te r l i ne  data from IH-51A was p l o t t e d  and compared w i t h  the data 

o f  IH-48. Both tes ts  have free-stream Mach numbers o f  5.3. The IH-51A data 

d i s t r i b u t i o n  was found t o  be higher and s h i f t e d  t o  higher X/L values than t h e  

IH-48 data. This was i n i t i a l l y  thought t o  be a r e s u l t  o f  the higher oncordng 

Mach number a t  the o r b i t e r  nose f o r  IH-51A than IH-48. 

Mach number f o r  IH-51A t o  have the same oncoming Mach number as the IH-48 t e s t  

i s  M, = 3.9. The M, = 5.3 data was scaled down on a log- log p l o t  o f  hi/hu 

versus M, t o  M, = 3.9. These r e s u l t s  a r e  shown i n  Fig. 3.59 and the magnitude 

From Fig. 3.57 the 
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i s  i n  b e t t e r  agreement with the IH-48 data. The peak heating was probably 

missed because o f  the thermocouple spacing. 

A p l o t  comparing IH-51A data o f f  of t he  cen te r l i ne  with model data i s  

shown i n  Fig. 3.60. Unfortunately the model data i s  scarce and a conclusion 

i s  hard t o  draw. A l l  other OT posi t ions are j u s t  as bad o r  worse i n  terms o f  

obtaining data f o r  a comparison between IH-51A model and OT o r  OTS models. 

Consequently, i t  was not  possible t o  obtain an i nd i ca t i on  of the 2D t o  3D 

geometry ef fects .  ' 

I n  examining the ET f l ow- f i e lds  i n  Ref. 3.3, it was found t h a t  the blach 

number var ied  r a d i a l l y  from the ET surface. The Mach number a t  r / D  = 0.7* i s  

p l o t t e d  versus Moo i n  Fig. 3.61 . This locat ion i s  approximately halfway between 

the ET and o r b i t e r  nose. The Mzch number a t  t h i s  l oca t i on  is used i n  the 

fo l l ow ing  analysis. 

The in te r fe rence factor,  hi/hu, i s  p l o t t e d  versus Mach number f o r  three 

X/L l oca t i ons  i n  Figs. 3.62, 3.63 and 3.64. The IH-51A i s  compared w i th  IH-41B, 

I[!-48, IH-41A and IH-43 data i n  these f igures.  The IH-41A data cor re la tes  the 

best using Mlocal evaluated a t  r / d  = 0.70. Notice t h a t  the peak value i n  

Fig. 3.63 i s  thought t o  be missed by the IH-51A thermocouple spacing. Also, 

not ice the Mo, = 8 data from IN43 i s  lower than the IH-51A data. This sub- 

s tan t ia tes  tha t  the I H S l A  data can not  be used d i r e c t l y  f o r  f l i g h t  predict ions 

since i t  i s  equivalent t o  using OT model data for a free-stream Mach number o f  9.8. 

To explore the e f f e c t  o f  the loca l  Mach number on the l oca t i on  o f  the 

peak heating and thus the d i s t r i b u t i o n ,  shadowgraph data were analyzed. The 

approximate o r b i t e r  shock angle was measured from MSFC-14OB data presented i n  

Ref. 3.3 and IH-51A data. These data are shown i n  Fig. 3.65 and appear t o  be 

q u i t e  consistent. I n  addi t ion t o  the shock angle, the shock impingement l oca t i on  

*Note: r = rad us from ET center l ine,  D = ET diameter 
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was obtained from shadowgraph data. The impingement location, (X/L)i, i s  

p lo t ted as a function o f  local  Mach number i n  Fig. 3.66, The peak heating 

locat ion data from thermocouple readings are also p lo t ted i n  Fig. 3.66. These 

data indicate tha t  the peak heating locat ion i s  displaced from the impingement 

locat ion and tha t  the movement of the peak heating locat ion i s  proportional t o  

the movement of the shock impingement location. Again the IH-51A data form a 

consistent pattern wi th  the model data and the peak value was missed. The 

measured peak i s  indicated by the symbol and the bars indicate the possible 

spread due t o  T/C spacing. 

The peak impingement heating has been correlated on simple shapes with 

the pressure r i s e  across :he ref lected shock, hi/hu = (p3/pl)o'8. The measured 

incident shock angle, Fig. 3.65, and the loca l  Mach number was used t o  compute 

the pressure r a t i o  and thus the peak hi/hu for the wind tunnel OTS and IH-51A 

data conditions. These resul ts  are i n  excel lent agreement wi th  the measured 

data as shown i n  Fig. 3.67. 

shadowgraph data i s  s l i g h t l y  

This also indicated the peak 

The reslrl t s  presented 

i n  f ron t  o f  the o rb i te r  nose 

It should be noted that  the computed value f ror  

higher than the measured peak value f o r  IH-51A. 

was missed because o f  the T/C spacing. 

thus f a r  indicate that  the loca l  Mach number, ML, 

must be used t o  re la te  the IH-51A data wi th other 

model data. The proposed scaling procedure for interference factors, hi/h,, i s  

shown i n  Fig. 3.68. Moo = 5.3 data on the f l a t  p la te i n  Test IH-51A corresponds 

t o  M, = 9.8 data on an OT model. Thus, the IH-51A M, = 5.3 data have t o  be 

corrected t o  a local Mach number o f  ML = 4.2 so 

to M, = 5.3 on an OT model. This correction i s  

vs. ML l i n e a r l y  on a l o g ~ o - l o g ~ o  paper from i t s  

value. This new value o f  hi/hu i s  then used as 

L 

that  the resul ts  correspond 

made by ramping down hi/hu 

ML = 5.3 value t o  the ML = 4.2 

the value o f  Moo = 5.3 fo r  the 

3 
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OT model. Using such an approach, comparisons were made on thr ET c e n t e r l i n e  

(8,. 6 0) between IH-51A reduced data and Test IH-41B and IH-48 data i n  

Figs 3.69 and 3.74. It should be noted here t h a t  the reduc ... : value o f  hi/hu 

a t  MW = 5.3 i n  Test IH-5lA was fu r ther  ramped down t o  Mm = 4 t o  compare with 

Moo - 4 data from Test 1H-418. The magnitudes o f  the hi/h, peaks are  comparable, 

but  the IH-51A data peaks are behind those fro& Tests IH-4lB and IH-48. The 

reason for such discrepancies i s  t h a t  no Mach number correct ions were made f o r  

the peak locations. 

No data are ava i lab le  ti) make s i m i l a r  comparisons on protuberances using 

t h i s  scal ing method. The assumption made here i s  t ha t  the sca l ing  procedure 

i s  the same. Accordingly, the conf igurat ion k data i n  Table 3.8 has been 

scaled and are presented i n  Table 3.9 t o  3.12. Three columns o f  data a re  

given: 

Moo = 5.3 
ML = 5.3 

IH-51A data without adjustment 1 
ML f 4.2 I Moo = 5.3 IH-51A data scaled t o  an ET model a t  Mm = 5.3 

hi‘h” 1 
Mm 0 4.0 IN-51A data scaled t o  an ET model a t  Moo = 4.0 
ML = 3.55) 

These scaled data may be used i n  producing a f l i g h t  math model f o r  the tu rbu len t  

f 1 ow regime. 

Conclusions drawn from the r e s u l t s  presented i n  t h i s  sect ion are: 

1. Interference data, shadowgraph, and peak heating l oca t i on  
data ind icate t h a t  the IH51A data i s  equivalent t o  running an 
OT model a t  Mo, = 9.8. 
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(2) The l o c a l  Mach number a t  r / D  * 0.7 i n  f ron t  L'f the o r b i t e r  nose 
should be used for  analysis and comparison o f  interference 
f low- f  i e l d  on :he top center1 ine. 

(3) The 20 e f f e c t  i n  IH-51A cannot be separated from Mach number 
s h i f t  effects. The IH-51A and other model T/C locat ions a re  
no t  consistent enough for  f 0 analysis. Thus, t he  20 

(4) The IH-51A peak value and e n t i r e  heating d i s t r i b u t i o n  i s  
t rans la ted  from other model data i n  X/L becarrsc If the oncoming 
Mach number e f f sc t .  

t o  30 effects can no t  be de 9 erminedusing the preceedlng procedures. 

(5) A sca l ing  method for IH-51A data has b e u  developed and the 
scaled IH-51A data agrees we l l  with ET model data. 

9 
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SEcfIo# 4 

FH-15 AND FH-16 OAfA 

Data obtained from the  Heat Transfer l e s t  (FH-15) and the Heat Transfer 

l e s t  iFH-16) are described i n  t h i s  section. FH-15 was conducted a t  the Amold 

Engineering Oeveloplnent Center, Won Karman 6as Dynamics F a c l l i t y  (AEDC/VKF) 

Supersonic Tunnel A, and FH-16 uas conducted a t  the NW-Ames 3.5 Foot t&personlc 

Windtunnel F a c i l i t y .  Both tests used a -0275 scale th in -sk in  d e l  o f  the 

3O0/1Oo/4O0 Cone-Ogive External Tank Forebo4y. The FH-14 1OO/4OO Cone-ogive 

-0275 scale th in -sk in  E l  forebody heat t ransfer model was modif ied by t run- 

ca t ing  the 10" and 5.2 inches f u l l  scale w i t h  a 30' cone. Instrumentation was 

refurbished and 100 new T/C's added t o  ob ta in  more de ta i led  protuberance 

heating data. The data i n  t h i s  analysis was obtained from a f a c i l i t y  p r i n t -  

out. This sect ion probides a t e s t  d isc r ip t ion ,  reduced data, and p l o t s  to 

show in ter ference fac to rs  f o r  the nose, the brward  f a i r i n g  and f a i r i n g  sides 

o f  the forward e l e c t r i c a l  conduit, the T/C's i n f ron t  of the attachment 

f i t t i n g s ,  and the T/C's beside the attachment f i t t i n g s .  

4.1 Test Descript!on 

The Heat Transfer lest (FH-15) and the Heat Transfer Test (FH-16) 

were conducted using a 0.0275 scale thin sk in  model o f  the 3O0/1Oo/4O0 

Cone-Ogive External Tank ForebaQ. The model consists of a modi f icat ion t o  

the 1Oo/4O0 cone ogfve 0.0275 scale t h i n  skfn ET forebody (Fig. 4.1). The 

design change was t o  t runcate the 10' cone 5.2 inches f u l l  scale w i th  a 30° 

cone t o  increase the d i f f e r e n t i a l  pressure and s e n s i t i v i t y  for  the Ascent A i r  

Data System (AADS) f o r  angle-of-attack and s fdes l ip  f l i g h t  evaluat ion (Fig. 4.2). 
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M, ReJf t  x lo-' 

3.01 3.7 

I 4.01 

5.5 

5.5 5.0 

REMTECH IN= 

Po ( P S W  To (OR) 

36.0 t .2 720 .5 

65, 63 If. .2 

127.0 2 .2 720 .5 

740, 720 5 .5 

174, 172 5 e 2  730, 720 fi -5  

The model was instrumented w i th  the refurbished or ig lna l  150 thermocouples 

(T/C's) used i n  FH-14 and wi th  100 new T/C's tha t  were added t o  obtain more 

detai led protuberance heatlng data. The 100 addit ional T/C's, 151 through 250, 

are shown on Figs. 4.3a and b. Figures 4 . h  and b show the T/C's on and around 

the protuberances. The tests conditions were repeated wi th  protuberances on 

and o f f  t o  provide a matrix o f  heating interference factors around a l l  perturbed 

Mal ReJft x lo-' Po (psis) . 

5.3 5.0 405. 

flow areas. The objectives of the tests as stated i n  Refs. 4.1 and 4.2 -re: 

To measure the change i n  heating due t o  the small change i n  the baseline 
nose spike. 

To obtatn heating and locat ion o f  shock impingement areas. 

To obtainincreased interference heating (h i )  de ta i l s  on the sk in  around 
the forward fair ing, trays, and GO2 pressurization l i n e  munt ing  brackets 
t o  be rat ioed t o  the clean heating (hU) a t  the same location. 

The tests were conducted under the following nominal condi tions: 

To (OR)  

1300. 

FH-16 
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ET OGIVE FOREBODY 
FULL MODEL SCALE 

9 1 2 3 4 5 6 7 

Model X, Inches 

Fig.  4.3a New Instrumentation Locations .0275 Sca le  ET Forebody FH-15 and 16 

(Ref. 4 . 1 )  
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4.2 Data Reduction 

FH-15 and Ffi-16 heating data were reduced by condimensionaliting the 

heat transfer coeff ic ient  data ~ 0 t h  the calculated undisturbed data h,,/h,f. 

The heat-transfer coefficient ra t ios h,/hmf are calculated by the 

modified MINIVER program cal led HINETT (MINIVER ET Tunnel). 

The MINETT Compgter program was used t o  calculate the heat-transfer 

rates on the ET model by the math model described i n  Ref. 4.3. MINETT was 

run by using the following aptions: 

039.38 Deg. Cone Shock Entropy 

MOC Correlated Pressures 

0 Spalding-Chi skin f r f c t i o n  correlation 

Reynolds number correctton factor (Ref. 4.3) 

OVon Karman Reynolds Analogy 

FHtlS and FH-1S heatfng data were reduced t o  (hi)Data/(hU)Theory fo r  

a l l  thermocouple (T/C) locations f o r  a l l  runs o f  the tests. For fH-15 the 

undisturbed heat-transfer coeff ic ient  i s  calculated from the measurement o f  

heat-transfer rate, to ta l  temperature, and wall temperature by using the 

heat transfer coefficient and Ru Waiter Calculations based on the discussion i n  

Ref. 4.4 i n  the following manner: 

where i s  defined by 

and rf = 0.30 for turbulent f l -  

4- 9 
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i I a1 I a P  I 3 A 
a Mal 

The heat-transfer coefficient ra t ios  h,,/hmf were calculated dth the 

same value o f  the undisturbed temperature eff iciency E as used i n  the data 

reduction. 

I n  FH-16 because the to ta l  temperature becomes so high that Cp becomes 

dependent on temperature, the heat-transfer coeff ic ient  i s  calculated based 

on enthalpy instead of temperature. The temperature dependence i s  factored 

out o f  the measured heat-transfer rates t o  make the data independent of wall  

temperature which could vary from p i n t  t o  point on the body. For FH-16 the 

heat transfer coef f ic ient  i s  calculated by using 

hu = 9 J r n H t  - $1 (3) 

In order t o  reduce the heat-transfer data using Eq. (1) and (3) ,  

has to  be supplied from Eq. (2). Me i n  Eq. (2) was calculatsd by using 

tangent-cone approximations t o  provide a correlat ion given by 

3 . 0.9345 

4 0.922 

5.3 0.914 

- Ru = a + a (Sin %)as for g > 0 

= a  for g 5 0 
1 2 

1 

0.1004 I 2.17 

0.1004 1.967 

0.1004 1.73 

where ~t 

t o  a, 6, 5, and eb by (for small a, 8) 
a t  any point on the E l  body i s  the local angle of attack related 

5.5 0.91 3 
i .- 

5 = -a Cos + 8 Sin 9 + tSb 

The constants aa, a2, and a are given i n  Table 4.1 
S 

Table 4.1 

TEMPERATURE EFFICIENCY FACTOR CONSTANTS 
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The body angle tSb on various portions o f  the ET surface i s  given by 

$, = 30' 

= loo 

for 0 5 X/L 5 0.00131 

f o r  0.00131 5 X/L 5 0.00739 

for 0.00737 2 X/L 2 0.0235 39.38O 

I .2339 - W L )  
[O. t l  - (0.2339 X/1)'las 

= 0" f o r  0.2339 5 X/L < 0.93 - 
This work has all  been calculated w i t h  reference to the new 30°/100/400 

nose. To transrate back i n to  the 10°/400 configuration use the following 

re1 s t i  ons h i  p 

To f ind the effective value o f  angle o f  attack a t  the individual 

thermocouples use 

aeff = -a Cos OT + B Sin C+ (7) 

Tables 4.2 and 4.3 l i s t s  the hu/href values f o r  the tests conditions. 

These values were used t o  reduce the heating data by nondimensionalizing the 

heat transfer r a t e  wi th the undisturbed interpolated heat transfer coeff ic ient  

i n  the following manner: 

(hi /hr,f )/ ( h"/href) 

The hU/href values fo r  X/L and angle of attack of the T/C are calculated by 

a double interpolat ion using the parameters i n  Tables 4.2 and 4.3. A semi-log 

interpolat ion was perfoned t o  calculate the corresponding h,/href for the 

X/L f o r  each o f  the thermocouples. The l inear interpolat ion computes the 

aeff hu/href vaiue. 

the  heat transfer coefffcient. P l o t s  of the reduced data from Ref. 4.5 a re  

This f ina l  h,/href value l~ used t G  nondiiiiens:ona:fte 

presented i n  the next subsection. 
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Several. features o f  the FH-1S and 16 data are examined i n  this section. 

The data i s  exmlned i n  interference factor (hi/hu) form where hu i s  theo- 

retical. A theoretical undisturbed w l u e  was used such that the interference 

factors w i l l  be q a t i b l e  with theory f n  f l ight application uork. The 

features o f  the data which were examined were: 

0 

Comparison o f  Undisturbed data and theory 

Hew nose interference on a clean tank 

Interference on the top o f  the fomard fa i r ing o f  the electr ical 
candui t 

Interference on the side o f  the forward fa i r lng  o f  the electr ical 
conduit 

Q Interference on the skin beside the electr ical conduit attachment 
f i ttings 

Interference on the skin i n  front of the electr lcal conduit 
attachment f i t t ings 

Comparisons o f  undisturbed data and theory were made i n  the following 

manner. The undisturbed data t o  theory ra t i o  (hd/ht) was calculated fo r  each 

thermocouple. The following average was then computed 
n 
n 

(hd/ht)i 
n = to ta l  no. o f  i =I 

Thermocouples n 

where the thermocouples considerei were either a l l  thermocouples or only 

thermocouples e?ong 3 = 0'. The X/L range was restricted to  0.03 t o  0.2131 

to  eliminate 3Oo/1O0 nose effects. The average values were then plotted 

versus B as shown i n  Figs. 4.5 t o  4.9. This data indicates that theory and 

data compare quite well for a l l  Mach numbers and -6 - -  < 13 < 6 degrees. Thz 
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theory i s  conservative for 8 -6 degrees. 

The influence of  the 3O0/10" cone on the 40" cone heating i s  shown i n  

Figs. 4.10 t o  4.29. The maximum interference factor occursat  a - o f o r  at ]  

Mach nlrmbers and 6's a t  9 = 270". The interference i s  lower than 1.2 for 

.019 < X/L - < -0235 which i s  the l a s t  28 percent o f  the 40 degree cone. The 

effect of increasfng aeff i s  to  decrease the interference factor f o r  wind- 

ward surfaces. Leeward interference factors are higher than windward f o r  

13 > 0 but are lower than for L3 = 0 (see Fig. 4.17). 

Interference factors on the top centerline o f  the forward fa i r i ng  o f  the 

e lect r ica l  conduit are shown i n  Figs. 4.30 t o  4.34. The e f fec t  o f  increasing 

a i s  t o  decrease the interference factors fo r  the f i r s t  three T/C stations 

a t  a l l  ..tach numbe:~. The interference factors fo r  the l a s t  three stations are 

mch less sensitive t o  aeff than the f i r s t  three stations and the interference 

'.,tor i s  not a monotonic function o f  the ef fect ive angle o f  attack. 

e f f  

The interference factors on the side o f  the forward fa i r ing  o f  the elec- 

t r i c a l  conduit are shown i n  Fig. 4.35 f o r  a Mach number o f  4.02. The angle 

o f  attack, a, has a large e f fec t  on the heating amplification. the forward 

T/C location registered large amplifications while the two further back on 
the fa i r ing  registered nominal t o  smaller values. I n  fact  f o r  a = -5 degrees 

no amplif ication was measured a t  the two T/C locations a f t  o f  the t ip .  

The interference factors on the skin beside the e lect r ica l  conduit 

attachment f i t+ ings  are shown i n  Figs. 4.36 and 4.37 f o r  M, = 4.02. The 

interference factor starts out well below 1.0 and exhibits an increasing trend 

with increasing X/L. The double bracket a t  X/L = 0.145 may be the cause i n  the 

larger than expected increase a t  T/C number 221. The ef fect  o f  f3 i s  not the 

same f o r  each X/L although tne magnitude of the change due t o  changing B i s  

not large. 

4-15 



The interference factors on the skin i n  front o f  the electr ical conduit 

attachment f i t t i n g s  are shoun i n  two sets o f  figures. Figures 4.38 and 4.39 

i l l us t ra te  that the interferemce i n  front o f  the attachment f i t t i n g  i s  larger 

than beside the f i t t i n g s  as was shown i n  Figs. 4.36 and 4.37. The effect 

o f  B on the interference factor i s  too comp1ex for any general statement. 

Consequently, "8 - plots" were developed fo r  each T/C i n  f ront  o f  attachment 

f i t t i ngs  fo r  four Mach numbers. These plots are given i n  Figs. 4.40 t o  4.44 

for  three angles o f  attack. Each f i t t i n g  has i t s  own behavior. The combi- 

nation a = 8 = 0 yields the highest interference factor i n  most but certainly 

not a l l  cases, The highest interference factor measured i n  front of a f i t t i n g  

was 2.35 which occurred a t  M, = 5.3 on Fig. 4.428 
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Section 5 

INDIVIDUAL PROTUBERANCE DATA 

The purpose of t h i s  section i s  t o  present heat transfer data and correlat ions 

f o r  protuberances which have been ind iv idual ly  tested. The data were obtained 

from ca l i b ra t i on  runs made with accompanying material t e s t  runs. The data f r o m  

the ca l i b ra t i on  runs provides a data base of i n te res t  i n  i t se l f .  The tests  

were conducted a t  AEDC Tunnel C a t  a nominal Mach number of 10. The protuber- 

ances tested were mounted on a wedge. The parameters varied were the wedge 

angle, t o t a l  pressure, and protuberance geometry. The fol lowing subsections 

describe the heating data t o  the d i f f e r e n t  protuberances tested. 

5.1 SRB Systems Tunnel (Forward End) 

A l l  o f  the protuberance data were obtained by attaching the prt-tuberance t o  

I n  order t o  nondimensionalize the measured heating data t o  the a wedge f ix ture.  

undisturbed value, the proper wedge heating rates were required. The tests f o r  

a l l  protuberances i n  subsections 5.1 t o  5.5 were conducted using wedge angles 

between 0 and 25 degrees. The wedge Mach number f o r  MOD = 10.17 i s  given i n  

Fig. 5.1. Cal ibrat ion data on the wedge were obtained f o r  several run conditions. 

These data, along with theory, were used t o  establ ish the loca l  undisturbed 

heating. 

Wedge heating ra te  data are presented i n  Fig. 5.2. Unfortunately, some o f  

the data i s  t ransi t ional .  This required determining the v i r t u a l  o r i g i n  o f  the 

turbulent boundary layer as a function of wedge angle. The v i r t u a l  o r i g i n  was 

5- 1 
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determined empir ical ly using the Spaulding-Chi turbulent boundary layer theory 

as a basis. The v i r t u a l  or ig ins are marked i n  Fig. 5.2 and are p lo t ted I n  

Flg. 5.3. The data past 21 inches on the wedge could not be used since the f low 

was effected by s e p r a t i o n  due t o  the protuberance being tested. 

Based on the resul ts  o f  Figs. 5.2 and 5.3, an equation was developed f o r  

nondimensionaliting the data presented i n  subsections 5.1 and 5.2. 

where 

= Undisturbed local  heating r a t e  a t  X qU 
q12 = Undisturbed Spaulding-Chi heating r a t e  a t  12 inches running 

length. 

X.,= Vir tua l  o r i g i n  locat ion from leading edge o f  wedge 

also shown 

degrees are 

face shock 

2dge of the 

X = Distance o f  point  o f  i n te res t  from leading edge o f  wedge. 

The recovery factor on the wedge and protuberance are assumed equal , thus, 

making the heating ra te  and heat transfer coef f ic ient  r a t i o s  equal. 

The protuberance model of the systems tunnel i s  shown schematically i n  

Fig. 5.4. A side view of the model, along w i th  the shock structure, i s  given by 

the shadowgraphs i n  Fig. 5.5. The e f f e c t  of wedge angle on shock structure i s  

es of 10 and 18 

shock and forward 

the top leading 

n Fig. 5.5. Enlarged shadowgraphs f o r  wedge ang 

given i n  Figs. 5.6 and 5.7. Note that the wedge 

ntersect and produce a weak shock impinging near 

tunnel. 

The systems tunnel heatinq factor  data are presented i n  

Table 5.1 . These data were obtained from Refs. 5.1 and 5.2. 

i s  denoted by a 'ID" i n  the run number and data from 5.2 by a 

tabular form i n  

Data from Ref. 5.1 

"S" i n  the run 
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number. The individual t es t  conditions are 1 is ted below the associated heating 

amp1 i f i c a t i o n  factors. 

Plots o f  the systems tunnel centerl ine data for two tunnel t o t a l  pressures 

The small peak f n  heating on the forward face are given i n  Figs. 5.8a and b. 

i s  a resu l t  o f  the forward face shock and wedge boundary layer interaction. 

The low heating on the a f t  end of cy l indr ica l  section i s  due t o  boundary layer 

separation. This i s  induced by the flow angle o f f  o f  the f ron t  face and the 

ref lected shock impingement near the forward end of the cyl inder section. 

The heating ampl i f icat ion over most o f  the forward face i s  nearly constant. 

This constant value i s  correlated w i th  t h t  bheoretical wedge pressure values as 

shown i n  Fig. 5.9. The correlat ion wi th pressure r a t i o  i s  qui te good. 

The heating d is t r tbut ion around the cy1 indr ica l  sectior, o f  the protuberance 

i s  shown i n  Fig. 5.10. The open symbols indicate a symnetrical d is t r ibu t ion  

exists f o r  no yaw. 

probably attached due t o  the presence o f  the wedge. The e f fec t  o f  yaw i s  

i l l us t ra ted  by the so l i d  symbols. Yaw produces a s ign i f icant  heating factor on 

the windward side of the tunnel. 

Further, the heating i s  highest on the side where f low i s  
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5.2 SRB Comnand Destruct Anter,.a 

The geometry and thermocouple locattons f o r  the SRB conmanel destruct 

antenna are shown i n  Fig. 5.11. This configuration was run f o r  a series o f  

wedge angles and two t o t a l  pressures. A series o f  shadowgraphs f o r  one t o t a l  

pressure l eve l  i s  shown i n  Fig. 5.12. The double wedge geometry placed on the 

main wedge f i x t u r e  produces a complex t r i p l e  shock interaction. 

Shadowgraph enlargements for two t o t a l  pressure leve ls  for a wedge angle 

o f  5.0 degrees are shown i n  Fig. 5.13. The shock from the small wedge in te r -  

acts w i th  the second wedge shock of the protuberance i n  a d i f f e r e n t  manner a t  

low pressure than a t  high pressure. This i s  a r e s u l t  o f  the d i f f e r e n t  boundary 

layer thickness. The shadowgraphs i n  Fig. 5.14 for the same pressure leve l  

and two wedge angles also show t h a t  the f i r s t  and second protuberance shock 

in teract  d i f f e r e n t l y  as a function of wedge angle. 

The heating ampli f icat ion data derived from Ref. 5.1 is presented i n  

Table 5.2. The heating data from Ref. 5.1 was -nondimensionalired using the 

methods described i n  subsection 5.1 . 
Cente;-?:ne interference factors are p lo t ted i n  Figs. 5.15 and 5.16 f o r  

two tunnel t o t a l  pressures. Near the end o f  the second wedge sectfon the heating 

reaches a plateau value. The peak heating which o c c w  on the leading end of 

the second wedge i s  a r e s u l t  o f  the shock interactions discussed w i th  the 

shadowgraphs. The highest peaks on the second wedge are accompanied by the 

lowest factors on the f i r s t  wedge. Separation occurs on the top surface for 

a l l  wedge angles greater than zero for  Po = 1800 psia, whereas, separation and 

reattachment occurs f o r  6, = 5 and 10 degrees f o r  Po = 300 psia. 

The plateau heating factors on the second wedge of the protuberance were 

correlated wi th  the theoret ical  pressure r i s e  across a s ingle wedge shock. 
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The resul ts are shown i n  Fig. 5.17. This correlat ion shown i s  the same 

as that developed for the wedge section o f  the systems tunnel. The agreement 

i s  reasonably good considering the additional flow complexity caused by the 

small leading wedge o f  the protuberance. The peak heating ampli f icat ion was 

correlated i n  the same manner and i s  shown i n  Fig. 5.18. The peak values for  

= 300 psia correlate wi th the l i n e  given i n  the figure. However, the data 

fo r  Po = 1800 has two characteristics. A t  low Pi/P, the data agrees with the 

plateau values. Then, a t ransi t ion i n  character occurs a t  a wedge angle o f  

5 degrees and a t  zero degree wedge angle the data i s  i n  agreement wi th the 

Po = 300 psia data. This behavior i s  a resul t  of the ef fect  o f  the boundary 

layer on the shock structure produced by the f i r s t  wedge o f  the protuberance. 
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5.3 SI Attach Ring 

Data was obtained during two tests (Refs. 5.1 .and 5.2) f o r  the SRB attack 

r i n g  geometry shown in  Fig. 5.19. The flow f i e l d  and type of heating on th i s  

geometry i s  di f ferent than observed for the protuberances described i n  the 

previous sectlon. Accordingly, a different approach f o r  analysis was taken. 

A series o f  shadowgraphs for four wedge angles are shown i n  Fig. 5.20. The 

flow on the f ront  face o f  the protuberance i s  processed by the wedge shock and 

a strong separation shock. The eeparation shack does not impinge on the pro- 

tuberance. The f low over the forward l i p  o f  the protuberance is, i n  addition, 

processed by a normal shock. Figure 5.21 provides an enlarged view o f  t h i s  

shock f o r  a wedge angle o f  23 degrees. 

Data on the wedge surface upstream oc the protuberance were obtained and 

are shown i n  Fig. 5.2. The data a t  X = 21 inches was found t o  be undisturbed. 

The measured values o f  wedge heating a t  X = 21 inches, preseparation values, 

were used t o  nondimensionalite the dath on the protuberance. These data are 

given i n  Table 5.3. 

The effect o f  separation on the heating upstream o f  the f ron t  face on the 

wedge i s  shown i n  Fig. 5.22 fo r  four wedge angles. Other data i n  f ront  o f  

forward facing steps (Ref. 5.4) shows an increasing amplif ication with increasing 

Mach number. The current data does not have th is  trend. Decreasing the wedge 

angle increases the wedge Mach number (See Fig. ‘5.1 ). The 5 degree data i s  

lower than the other data, even though i t  i s  fo r  the highest Mach number. One 

possible cause i s  the f l o w  may be transit ional rather than f u l l y  turbulent. 

Alternately, the wedge flow-step interaction process i s  d i f ferent  than a f l a t  

plate-step process. 
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Typical data on the protube;.ance forward l i p  are plat ted On Flg. 5.23. 

The scatter i n  the data t s  probably due t o  inaccuracies In  placement o f  the 

thermocouples i n  the corner o f  the l ip .  The data shows an increasin'g trend 

.* 

wi th decreasing Mach number. Interference factors have been correlated with 

Mach number on a log-log p lo t  by many investigators. This has been done with 

the present data f o r  a few representative thermocouple locations i n  Fig. 5.24. 

Thermocouple 5 and 1 data correlate qui te well with Mach number, whereas, 

thermocouple 10 and 6 data are i n  poor agreement a t  high Mach number. 

An alternate method o f  analysis was developed f o r  the forward l i p  o f  the 

attach ring. The flow i s  processed by the wedge shock, separation shock, 

and l i p  normal shock. I n  order t o  make flow f i e l a a n d  subsequently heating calcu- 

lations, the separation shock angle must be known. Using shadowgraphs typ i f ied  

by Fig. 5.20, the separation shock angle was measured and correlated with wedge 

angle as shown i n  Fig. 5.25. The flow properties through the shock system were 

then computed. 

Based on the conditions behind the normal shock o f  the l ip ,  the heating 

was computed as follows. 

1 2D cylinder 
t - ,  (a) q2D cy1 

9s cy1 axisymetric blunt face cylinder 

(b) = 0.46628 e ,b471/M,, from Boison &I Curtis (Ref. 5.5) 
Moo evaluated j u s t  upstream of the 
normal shock ~ F R  
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(c) 1 
a 

velocity gradient correction from a b l u n t  20 f la t  face t o  ’ account for flow relief only on one side of  the l i p  

where 

qFR = Fay and Riddell stagnation point heating to a hemisphere o f  
radius 1/2 the l i p  thickness (computed using the MINIWER computer 
prograiil , Ref 5.6) 

The results of these calculations are compared w i t h  data i n  Fig. 5.26. The 

theory and data are i n  agreement i n  trend; but the theory is slightly lower 

than the data. This is  probably due to the velocity gradient correction (e) 

being too large since there is some relief of the flow toward the wedge from 

the center of the l i p .  The flaggedsymbols i n  Fig. 5.26 were derived using the 

ratio o f  TC 21/5 data a t  5 degrees wedge angle and the TC No. 5 data a t  wedge 

angles greater than 5. 
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5.4 SRB Kick R 4 n g  

Data was obtained fo r  the SRB kick r ing as shown i n  Fig. 5.27 from one 

test (Ref. S.l).The f l o w  f i e l d  and type of heating i s  nearly the same as that 

observed f o r  the attach r ing fomarb face. 

A shadowgraph o f  the flow i s  given i n  Fig. 5.28 for a wedge angle o f  5 

degrees. This protuberance was tested only a t  a 5 degree wedge angle. The 

heating amplifications for the runs made are given i n  Table 5.4. The heating 

data w r e  nondimensionalized using the same method as was used f o r  the attach 

ring, 

The heating amplifications averaged from the two runs .in Table 5.4 are 

shown on scaled cross sections o f  the kick r ing i n  Fig. 5.29. The different 

heating factors a t  the three cross sections indicate a nonunifomity across 

the front face o f  the model. Material test photographs revealed that the 

model probebly had a sl ignt yaw which also introduced addftional end effects. 

Thus, the centerline data i s  thought to be more ,-o.;Vesentative of the two 

dimensional flow conditions. 
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Table 5.4 

SRB Kick Ring Heat'lng Amplification Factors 

TC 
NO. 

2 
3 
4 
5 
6 

7 
8 
9 

13 
14 

15 
16 
17 
18 
19 

20 
21 

37.970 
37.970 
34.970 
37.720 
37.370 

37.720 
38.720 
38.970 
37.970 

~~ 

1.25 
2.13 
2.50 
2.50 
2.75 

3.00 
3.00 
2.75 
1.25 

37.970 2.13 

37.970 2.50 
37.720 2.50 
37.370 2.75 
37.720 3.00 
38.720 3.00 

4.45 
7.19 
4.65 
4.12 

17.85 

4.51 
2.38 
0.48 

-5.00 I 4.06 

4.50 
7.30 
4.53 
4.09 

17.77 

4.51 
2.42 
0.47 
4.04 

5.87 5.79 

4.14 4.14 
3.45 3.42 

19.23 19.30 
4.56 4.48 
2.62 2.54 

0.42 
5.98 

38.970 2.75 
38.720 2.50 

0.43 

24 37.970 1.25 5.00 7.06 

9.77 
25 37.970 2.13 
26 37.970 2.50 

---- 
---- I 

6.99 
0.38 
9.08 

27 37.720 2.50 8.62 8.23 
42.00 39.84 1 3.05 2.92 

28 37.370 2.75 
29 37.720 3.00 

Group 170 160 

M 10.14 10.14 
P: (ps ia)  1198.0 1198.0 
To ( O R )  1894.0 1897.0 

hUo (Btu/ft2secoR a t  X = 21 i n .  .00130 .00130 
Wedge Angle (Deg. 5.32 5.07 
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5.5 Cy1 inder-Shock Impingement Heatinq 

Two tests  were conducted i n  which shock impingement heating on a cyl inder 

was measured (Ref. 5.1 and 5.3)Jn both situations, the cyl inder was mounted 

on a wedge w i th  i t s  axis normal t o  the wedge. The cyl inder protuberance was 

used t o  simulate e i ther  the El -orb i ter  forward attach strut ,  o r  the SRB-ET 

a f t  attach s t ru t .  The geometries f o r  the two tests are nearly the same as 

shown i n  Figs.'5.30 and 5.31 . The major dif ference being the ax ia l  placement 

o f  the cyl ind-r  on the wedge. I n  the t e s t  o f  Ref. 5.1, the f r o n t  o f  the 

cyl inder was 34.5 inches from the leading edge, whereas, the Ref. 5.3 t e s t  

placed the cyl inder 13.5 inches from the leading edge. 

A shadowgraph of the-f low f i e l d  from Ref. 5.1 i s  shown i n  Fig. 5.32. Note 

tha t  the wedge shock and separation shock intersect before e i the r  reaches the 

bow shock o f  the cylinder. Shadowgraph from Ref. 5.3,not included here, indicate 

tha t  the wedge and separation shock coalesce very near the bow shock causing a 

stronger shock impingement. 

The nondimensionalited data from Ref. 5.1 i s  given i n  Table 5.5 and the data 

from Ref. 5.3is given i n  Table 5.6. The hi/hu values were computed by d iv id ing 

i s  the stagnation the measured heating r a t e  by qCyl 

l i n e  heating ra te  t o  a cyl inder normal t o  the free stream flow based on the 

theory o f  Fay and Riddell .  The value of qcyl ,w i s  also given i n  the tables. 

This i s  the value of the stagnation l i n e  heating t o  a cyl inder normal t o  the 

cy1 900 
The value o f  q 

,we 

post wedge shock f l ow .  

The peak heating rate on th2 stagnation l i n e  normalized wi th  the f ree 

stream cyl inder heating r a t e  i s  presented i n  Fig. 5.33. 'The data f o r  Xw - 34.5 in, 

cyl inder distance f rom leading edge, forms a peak near 12 t o  13 degrees wedge 

angle. The two t o t a l  pressures y i e l d  the same heating ampl i f icat ion factors . 
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except a t  5 degrees, where the higher to ta l  pressure y ie lds the smallest 

factor. The effect o f  the cyl inders distance from the leading edge f s  dramatic 

i n  terms o f  heating amplif ication. The shadowgraph data indicated a s lngle 

shock impingement when \ - 13.5 in., whereas, the wedge shock i s  dispersed 

by the separation shock when $ = 34.5 inches. The e f fec t  o f  t h i s  distance on 

the stagnation l i n e  d is t r ibu t ion  i s  shown i n  Fig. 5.34. The cyl inder located 

further downstream o f  the leading edge exhibi ts a double peak behavior correspond- 

ing t o  the separation shock and deflectad wedge shock locations. 

The peak stagnation l i n e  heating was normalized by q end p lo t ted i n  CY1 ,w 
Fig. 5.35a. This d is t r ibu t ion  shows less o f  a peak than i n  Fig. 5.33. The 

average stagnation l i n e  heating was evaluated and plot ted i n  Fig. 5.35b. Here 

the lower t o t a l  pressure data, \ = 13.5 inches, i s  amplif ied s l i c ' l t l y  more 

than the higher pressure data. Again, the data f o r  \ = 34.5 inches i s  lower 

than t9e \ = 13.5 inch data. 

The e f fec t  o f  wedge angle on the stagnation l i n e  heating ampl i f icat ion i s  

shown i n  Fig. 5.36a and b f o r  two t o t a l  pressure conditions. The 5 degree 

wedge data i n  Fig. 5.36 b shows a double peak l i k e  the Xr, = 34.5 inch data. 

The heating ampli f icat ion a t  two circumferential locations are compared t o  the 

stagnation l i n e  d is t r ibu t ion  i n  Fig. 5.37. A t  8 = 90 degrzes, the heatirlg 

factor i s  nearly constant and equal t o  0.40 times t're f ree stream stagnation 

l i n e  value. The ef fect  o f  wedge angle on the heating ampli f icat ion distr!bution 

i s  shown i n  Fig. 5.38 and Fig. 5.39 f o r  0 = 45' and 90' respectively. The 

trend o f  increasing ampl i f icat ion going t c  the w a l l  from 1.0 inch above the 

surface occurs i n  both 0 locations and all  wedge angles. 
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Table 5.5 

Cylinder Heating Amplification Factors f o r  \ = 34.5 in. 

1 34.500 4.63 0 1.44 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

4.43 
4.23. 
4.02 
3.82 
3.63 
3.43 
3.22 
3.03 
2.82 
2 -63 
2.43 
2.22 
2.03 
1.83 
1.63 
1.42 
1.22 
1.03 

1.73 
2.91 
4.35 
5.74 
7.21 
7.93 
7.72 
6.89 
6.13 
6.17 
6.45 
7.25 
7.19 
6.23 
4.63 
3.38 
2.49 
2.55 

Run 

Rn 
Po (psis 1 
TO("R) 

9cyl .,(Btu/ft2sec) 

Wedge Angle (Des.) 

qcy1 ,w (Btu/f t2sec) 

46D 

10.17 
1796 
1898 
12.03 
12.26 
22.51 
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Table 5.6 

Cylinder Heating Amplification Factors for \ = 13.5 in. 

1 
2 
3 
4 
5 

6 
7 

9 
IO 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 

a 

13 4.50 5.34 
4.00 5.63 
3.80 5.33 
3.60 4.82 
3.40 4.59 

3.20 5.50 
3.00 -7.40 
2.90 8.30 
2.80 10.55 
2.70 11.81 

2.60 13.37 
2.50 14.11 
2.40 14.30 
2.30 14.73 
2.20 13.47 

2.10 13.26 
2.00 12.52 
1.90 11.94 
1.80 11.70 
1.70 11.25 

1.60 10.60 
1.50 10.00 
1.40 9.12 
1.30 7.93 
1.20 6-95 

1.10 5.72 
1.00 4.77 

.90 4.19 
-80 3-63 
.70 3.56 

-60 3-88 
.50 3.91 
.40 4- 36 
-30 4-45 
.20 4.15 
010 3-39 

3.15 
2.55 
3.11 
5.77 
8.36 

7-85 
5.63 
5.05 
5.00 
5.11 

5.47 
5.72 
6 ..04 
6.33 
6.36 

6.17 
5.67 
4.71 
3.99 
3.28 

2.50 
2.04 
1.67 
1.22 
.95 

.84 

.68 

.65 

.70 

.77 

.85 

.90 
0 95 
.98 
.86 
.92 

2.68 
2.45 
2.36 
2.46 
2.70 

2.96 
3.60 
3.95 
4.36 
4.80 

5.32 
5.83 
6.18 
6.68 
6.93 

6.91 
7.02 
7.14 
7.07 
6.95 

6.87 
6.82 
6.72 
6.52 
6.15 

5.72 
5.24 
5.10 
4.47 
4.22 

3.51 
3.63 
4.02 
4.60 
4.06 
3.03 

4.39 4.16 
4.78 4.51 
5.01 4.73 
5.30 5.18 
5.71 5.95 

5.94 7.15 
6.24 8.43 
6.34 8.92 
6.47 9.59 
6.61 10.02 

6.60 10.35 
6.56 10.49 
6.58 10.58 
6.71 10.76 
6.68 10.95 

6.85 10.97 
6.65 10.83 
6.55 10.57 
6.50 10.07 
6.33 9.40 

6.10 P 47 
5.52 7 
5.71 € 

5.07 4.53 

4.73 3.65 
4.52 3.13 
4.50 2.61 
4.11 2.30 
4.13 2.21 

4.00 2.25 
4.17 2.42 
4.50 2.65 
4.51 2.73 
t.07 2.72 
3.20 2.27 

5.18 5 . 2 ~  

5.20 5.45 

4.69 5.01 
4.09 4.62 
4.14 4.70 

5.38 5-58 

5.21 5.69 
7.35 7.54 
9.30 8.92 
10.59 10.84 
12-15 11.96 

13.59 13.41 
14.40 14.03 
14.61 14.66 
14.50 14.82 
14.40 14.93 

13.19 14.23 
12.54 13.80 
12.03 13.26 
11.78 12.72 
11.51 12.33 

11.09 11.62 
11.10 11.62 
9.94 10.40 
8.91 9.08 
7.82 7.83 

6.58 6.50 
6.08 5.97 
4.74 4.81 
4.31 4.28 
3.61 3.55 

3.88 3.68 
4.10 4.01 
4.61 4.45 

4.92 5.00 
3.83 3.76 

4.94 4.85 

L 

Group 4MD 6M0 7MO 1lMD 12M0 16MD 20MD 
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Tc X Y 
IlbO (IN) (XH) A) br’$ %’% 
37 
38 
39 
40 
41 

42 
43 
44 
45 
46 

47 
48 
49 
50 
51 

52 
53 
54 
55 
56 

58 
59 
60 
61 
62 

63 
64 
65 
66 

14 

16 

M I 2  

50 3 

12 4050 
4.00 
3080 
3060 
3040 

3.20 
3. 00 
2.80 
2-60 
2040 

2.20 
2.00 
1.80 
1.60 
1-40 

1.20 
1 -00 
080 
-60 
-40 

M) 4.50 
4.00 
3.50 
3.00 
2.50 

2.00 
1-50 
1-00 

0 50 

2.99 
2.85 
2.52 
2.32 
2.70 

3.28 
3. n 
4.92 
5.83 
6.43 

5.97 
5.41 
5.51 
4.65 
4.18 

3.42 
2.62 
2.31 
2.63 
2.97 

. 33 . 25 . 28 . 37 . 40 

.39 

.32 

.45 

.63 

I -59 
1-52 
2.10 
2.90 
3.33 

2-80 
1.80 
2.02 
2.14 
2.39 

2.27 
1.99 
1.64 
1.16 . 78 

. 53 
049 
.58 
.65 . 72 

.14 . 22 

.23 

.19 

.19 

.18 
012 
-19 
.20 

1-63 
1.53 
1-52 
1 .82 
1.93 

2.36 2.01 
2-17 
2.28 
2-41 
3.16 

3.41 
2.93 
3.97 
4.27 
4.43 

4.22 
3.93 
3- 96 
3.30 
2.76 

2.10 
1.51 
1.27 
1.51 
1.60 

.23 

.26 
34 

.34 

.35 

.35 

.27 

.32 

.38 

2.77 
2.29 
2.05 

2.85 
2,5 
2.36 
2.53 
2.63 

. ~ _  

2.56 
2.51 
2.29 
2.M 

2.18 
2.72 

1.99 
1.82 
2.41 
2.73 
3.06 

2.71 
2.22 
2.70 
2.99 
2.91 

3.16 
3.36 
4.65 

3.48 
3.19 
5.08 
5.95 
6.06 

5.23 
5.06 

3 . a  
2.99 
3.29 
3.03 
3.03 

2.75 
2. L9 

5.55 
5.15 
5.20 
4.60 
4.28 

5.58 
5.27 
5.35 
4.76 
4.33 

2.80 
2.40 
2.47 

2.81 
2.53 

2.34 3.62 
2.73 
2.18 
2.57 
3.00 

3.56 
2.72 
2.15 
2.56 
2.94 

2.23 
2.18 2-35 

2.25 
2.89 

2.35 
2.66 

-50 
.38 
.35 . 33 
.36 

.39 

.36 . 37 

.34 . 33 

.29 

.27 
-30 

. 30 . 28 
036 . 42 
.44 

- 41 
.46 

.40 

.42 

.42 
70 

0 3 4  
.34 
.41 
.56 

.46 . 33 
046 
.62 

.43 
33 

.45 

.59 

Run 4m 6Mo 7MD llMD 12140 l6MD 2oMo 

10.05 10.05 10.05 10.02 10.02 10.02 10.02 
502 501 496 204 201 202 203 

H, 

1897 1896 1898 1779 2049 1904 1902 
PO psis) 
TO [ O R )  

6.673 6.680 6.687 3.939 4.888 4.4?0 4.402 
12.08 9.582 12.72 7.500 6.990 8.133 7.999 

Wedge Angle (peg. 11-96 5-00 24.01 24-01 5.02 13.29 12.04 I qcy1 ,JBtu/ft sec 
qcyl ,,(Btu/ft2sec 
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Fig. 5.33 Maximum Heating Rate Amplification on a Cylinder Due 
to a Wedge Flow-Field Interaction 
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Fig. 5.34 Stagnation Line Interference Factors for Cylinders 
wi tn Different length Wedges 
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Fig. 5.35a Stagnation Line Heating Normalized with Post Wedge Shock Heating. 
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Fig. 5.35b Stagnation Line Auzraged Heatings Versus Wedge Angle 
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Fig. 5.36a Stagnation Line Interference Factors f o r  Po = 200 psia 
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Fig. 5.36b Stagnation Line Interference Factors for  Po = 500 psia  
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Fig. 5.37 Interference Heating Distributions Around the Cy1 inder 
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0 1 2 3 4 5 
Distance Abcve Wedge Surface 

Fig. 5.38 Cylinder Interference Heating Distributions a t  0 = 45 Deg. 
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Fig. 5.39 Cylinder Interference Heating Distributions a t  0 = 90 Deg. 
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SECTION 6 

IH-42 PAINT DATA 

Paint 
Temperature 

OF 

300 
350 
400 
500 

This section contains a descript ion of the IH-42 Space Shut t l?  launch 

configuration test. "be model used was a cast model f o r  phase change testing, 

A ca l i b ra t i on  o f  the phase change paint  l i nes  i s  given. A procedure t o  cal-  

culate the hi/hu values from the ca l ibrated data i s  given and compared with 

thermocoupl e data . 

Btu/f t2 sec -5 O F  

.OS61 9 

.05669 

.05686 

.05602 

6.1 Test Description 

The IH-42 phase change paint  t e s t  was conducted by Rockwell International 

i n  the Ames 3.5 f o o t  hypersonic wind tunnel. The nominal t e s t  conditions were 

Mm = 5.3, PO = 410 psia and To = 1300°R. The model used was a cast o f  the orbi ter ,  

tank and SRB's using the same contours as the 60-0 thermocouple model. This 

1.75 percent scaled model was used wi th  four pafnt temperatures given below 

The materSal properties for  transient heat conduction analysis are given i n  the 

preceding tables for  each paint  temperature. 

The objectlve o f  the tes t  was t o  obtain interference heating contours on 

and around protuberances on the ET which could not be obtained usicg thermocouple 

models. The data analyzed are taken from f a c i l i t y  pr intouts and model photos 

taken during the t e s t .  

6-1 
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6.2 Paint Cal ibrat ion 

The timed sequenced photos taken during the t c s t  were by and large 

found t o  be unusable. Many post-run photos were taken o f  each component o f  

the model These photos tfiow the paint  me1 t l h e s  a t  the end o f  the run and 

const i tu te  the usable data o f  the test. A typical  set  of photos for  one run 

are shown i n  F:g. 6.1 t o  6.8. These photos show the melted areas corresponditg 

t o  temperatures above the melt temperature qui te  clearly. The f igures shown 

are b l w k  r.nd white althcugh the set of photos f o r  bhe tesc are ,n color givir,; 

addi*.iw** & a i l .  The primary objective of t h i s  subsection i s  t o  provide the 

ca l i b rd t l o r  -.‘ these photos so tha t  they m8y be used i n  d e t e m i 4 n g  heating l r ve l s .  

The concepf o f  ca l i b ra t i ng  the paint  data by using thermocouple data from 

IH-68 on tbe ogive was provided by Dr. Frank Hung of Rockwell International. 

The ogive i s  a continuous curved surface on which melt  l i nes  of a l l  o f  the paint  

temperatures occurred. The ogive heating i s  nearly a l l  undisturbed flow. The 

IH-68 thermocouple t e s t  used the same scaled model i n  the same wind cunnel a t  

the sate free stream conditions. Thus, the paint  and thermocouple data should 

be consistent. 

The procedure used i s  as follows: 

(1) The IH-42 pictures are inspected t o  determine for what 0 
l i n e  both thermocouple and paint  data are avai lable for  €he 
ogive. This i s  done f o r  each paint  t e s t  run. 

(2 )  A p l o t  o f  the thermocouple data, ir/hre , on the oFive versus 
X/L i s  made f o r  t f e  selected OT. ( 9 s  f i g .  5.6)* 

(3 )  The X/L stat ion where melt occurs f o r  the selected OT i s  
determined f rom the pfcti;ree. 

(4) The X/L stat ion whet*e melt occurs i s  p lo t ted on the p l o t  or 
thermocouple data. (See Fig. 6.6) 

*href = h,, stagnation point  heating reterenc “voughout t h i s  section. 
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(5) The value of  h/h Qs reaQ onwl t h i s  p l o t  for the paint  
r a e s s u w t .  The vclue o f  h/href i s  assigned to a l l  melt 
lines on the run-so analyzed. 

This procedur'e was applied to a l l  the runs o f  IH-42 and the results am given 

i n  Table 6.1. 

To check the consistency of the data the fol lowing analysis uas performed 

from semi-infinite slab conductlon theory 

where 

Ts = Surface or pa i t i t  temperature 
T = Adiabatic v a l l  temperatwe 

= I n i t i a l  : : fa1 tmperature 

h = Heat transfer coeff fc ient  
A t  = Time duration of step fcnction ir, h 
p = Material density 
c = Elaterial heat capacity 
k = Mate:.ial thermal conductivi ty 

H = h d E /  t', ... 

Since a l l  o f  the tes t  for IH-42 were conducted a t  nearly ths same tunnel condi 

the value of T i s  approximately constant. This implies tha t  H i s  constant. For 

a given paint  temperature &di can be corlsidered constant. T h s ,  h could be 

is ,  

considered constant. Accordingly, the value of h mhS was computed and p lo t ted 

as showr i n  Fig. 6.7 f o r  two recovery factors. (Note the f igure contains two 

scaler.) The value for t was obtained form the l a s t  pr in tout  frame of the paint  

tes t  ar?d h/hs from the thermocouple ca l ibrat ion procedure. 

fhc s ta t i s t i ca l  information for the data shown i n  Fig. 6.7 i s  given i n  

Table 6.2. The overal l  agreement i s  acceptable i n  that  there i s  a s fgn i f icant  

uncertainty i n  A t .  The s*arred,"*",valJes given i n  Table 6.1 were determined 

us'ing the mean value of Ja/h, for the appropriate paint  temperature. 



-_ 

From the photos, l ines of constant h&f say be plotted. An exanple i s  

shown i n  Fig. 6.8. The values of h / k f  f o r  the palnt  are obtained fm Table 

6.1 and the h/href value for thermocouples are from the IH-68 test. The two 

sets of data appear to be i n  reasonable agreement although a quanti tat ive 

assessment i s  d i f f icu l t .  

6.3 Calculation of hi/hu 

This subsection addresses the problem o f  converting the h#hS data i n to  

hi/hu data f o r  comparison with thermocouple data. The calculation algorithm 

presented here i s  based on the work of Ref. 6.1 and 6.2. The step by step 

process i s  as follows: 

(1) Compute the ef fect ive angle of attack of the ray l i n e  o f  interest  

= -aces++ Bs i n+ 'eff 
a = model angle o f  attack 
fj = model side s l i p  angle 

ST = ET body angle 

(2) Compute the recovery factor 

Ra, 3 = a1 +a2~in(aeff)as 

f o r  IH-68 and IH-42 
Test Conditions I al = 0.9140 

a2 r0.1094 
a 3  = 1.73 

(3) Compute the undisturbed t o  reference heat transfer coeff ic ient  r a t i o  
a t  zero angle o f  attack 
(hue ,o /hs) = A ( X / d  

A = 0.03885 fo r  IH-68 and IH-42 
Test Condf t ions I B 3 -0.11930 

X/L = nondimensional a x i a l  distance 

t 4 )  Compute tne undisturbed to  reference heat transfer coeff ic ient  r a t i o  
a t  angle o f  attack 
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where k = 0.02402 + 0.01246H- 
= 0.O9008 f o r  Ha = 5.3 

(5) Calculate the reeovery factor  a d j u s a n t  term for the paint  data 

To = Twnel total temperature 
= 'a int  tenperatwe Tpaint 

(6) Calculate tht paint  l i n e  heat transfer coeff ic ient  value rat ioed t o  
the undisturbed 

where/hi) i s  provided i n  Table 6.3 for R = 1.0. 

\$/paint 

Thus given the photos f o r  a par t icu lar  run, the heating interference factor  may 

be calculated using the preceding algorithm wi th  the data i n  Table 6.3. 

An example case has been worked and i s  presented i n  Table 6.4 f o r  the E l  

top centerl ine near the forward attach point. Three rutls for three paint  temper- 

atures a t  the same angle of attack and yaw were selected. The recovery factor  

- i s  invar iant  for the three runs. The X/L locations are the measured paint  l i n e  

locations from the IH-42 photos. The hi/h, values are the f i n a l  resul ts  using 

the preceding algorithm. 

The interference factors from the preceding example are compared wi th  

thermocouple data from IH-48 i n  Fig. 6.9 f c r  the same f low conditions. The paint  

data indicates a higher interference than the thermocouple data. The reading 

accuracy i n  X/L was qest ioned t o  explain th i s  difference. This accuracy i s  

approximately 0.01 Y/L. Thus, t h i s  does not explain why the paint  data i s  

higher. The paint  Ldta has the same shape d is t r ibu t ion  but i s  broader. The 
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high values o f  the patnt data are thought to be due to the test ing technique. 

That is,the data was obtained from past tes t  photos. A t  the end o f  the tes t  

the regions which were a t  higher temperature than the paint  l o s t  the i r  heat 

through conduction to the regions s l i g h t l y  below the paint  temperature. This 

would ra ise the temperature i n  the regions near the paint melt l i n e  and thus 

enlarge the melt regions. This effect could be substantiated by a transient 

heat conduction analysis. 

It can be concluded that the IH-42 data must be used with care since post- 

run conduction effects i n  regions o f  high heating gradients can y i e l d  heating 

interference factors which are higher than the actual values. 

6.4 References 

6.1 Hurst, C. W., " least Squares Correlation of External Tank Barrel Section 
UndisturbeJ Heat Transfer Data a t  Angle o f  Attack", NSI Memorandum 
No. M-9230-76-71, North-op Services, Incorporated, Huntsville, Alabama, 
December 2, 1976. 

6.2 Praharaj, S. C., "Methodology f o r  Evaluating Thermal Environments o f  the 
Space Shuttle External Tank Barrel Section", N S I  Technical Report TN-224-1794, 
Northrop Services Incorporated, Huntsville, Alabama, May, 1977. 
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Rur 

5 
6 - 
i 
9 

10 I 
11 
12 
13 
14 
15 
16 
?7 
18 
19 
20 
21 
L2 
23 
24 

- 
8 TO TPaint h i/hs a 

( O R )  O R  (R=l .O) ( Deg ) (Des) 

1342.6 860 .194 0 0 

1334.7 760 ,109 0 0 
1286.2 860 .196 -5 0 

0 1254.4 81 0 ,120 -5 
1264.5 960 .292 i 0 0 
1372.2 860 j -185 1 +5 0 
1372.4 760 .lo8 1 +5 0 
1333.4 860 1 .192 i +5 +5 
1272.5 760 .lo6 ! +5 +5 
1239.2 860 f .192 1 0 +5 
1215.3 760 .lo5 1 0 +5 
1454.4 860 1 .194 , -5 +5 
1381 .o 760 I .096 -5 1 +5 
1378.2 960 1 .293 I 0 i +5 
1356.9 960 I .293 I +5 +5 
1277.7 860 .224 1 0 I -5 
1320.0 760 , .lo9 0 j -5 1 

1 
1378.0 860 .165 +5 i -5 

I 1353.0 760 .095 +5 i -5 

1293.9 810 , -138 0 0 

, , 

1 
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i 31 1 1293.3 960 ; .265 ~ -5 
32 1 1317.3 I , 960 i .282 i 0 
33 I 1320.3 ' 860 ; .190 i 0 

+5 1 
+5 f 
+5 1 

38 1 1300.2 860 1 .136 I +5 
1291.9 760 . lo3 +5 

39 1 1343.4 .159 I 0 1 40 

1 4-5 
+5 i 1 

O I  1 
1 -5 

1 
! 

0 :  
41 I 1288.5 1 860 

44 1329.6 760 .097 + 5 j O I  

46 I 336.1 760 .094 0 -5 i 

1 .I88 ! 

42 1 1343.7 I 760 ~ . 0% 
43 , 1350.2 1 860 1 ,209 +5 

45 1 ND 860 .178 0 ~ -5 I 

48 12311.2 ! 760 j .lo3 -5 1 -5 1 
. i89 i -5 1 t5 j 

47 1 1298.6 860 .185 -5 ~ -5 

49 1262.1 ~ 860 .222 ' t5 1 -5 
50 1323.1 760 1 .118 j +5 i -5 , 51 1 . -. -. -. .. . . - . ._ -. - __ --- I -I. 

1260.6 1 860 
__________ I_ 



5 
1,314 
0.194 

- 
x / L  

Paint 
Me1 t 

0.421 

0.468 

0.499 

0.521 

- 

TABLE 6.4 

hinu SWaPLE CASE 
ET TOP CENTERLINE 

6 
1.299 
0.138 

X/L 
Paint 
Me1 t 
-~ 

0.4026 

08 4705 

0.496 

7 
1.250 
0.109 

X/L 
Paint 
Met t 

0.400 

0.4797 

0.495 

_L 0.547 

%4 

8 011333 

.04330 

A4307 

. 04253 
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