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This report is one volume of a Design'Analysis Report prepared by La RC

on portions of the pressure shell for the National Transonic Facility. This

report is to be used in conjunction with reports prepared under NASA
Contract NAS1-13535(c) by the Ralph M. Parsons Company (Job Number 5409-3
dated September 1976) and Fluidyne Engineering Corporation (Job Number 1060
dated September 1976). The volumes prepared by LaRC are listed below:
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Bulkhead Region (304 S.S.), Vol. 5S, NASA TM X73957-5.
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NTF DESIGN CRITERIA

FOR 304 STAINLESS STEEL

GENERAL

THE DESIGN OF THE PRESSURE SHELL REFLECTED IN THIS REPORT
SATISFIES THE DESIGN REQUIREMENTS OF THE ASME BOILER AND PRESSURE
VESSEL CODE, SECTION VIII, DIVISION 1.	 SINCE DIVISION 1 DOES NOT
CONTAIN RULES TO COVER ALL DETAILS OF DESIGN, ADDITIONAL ANALYSES
WERE PERFORMED IN AREAS HAVING COMPLEX CONFIGURATIONS SUCH AS THE
CONE CYLINDER JUNCTIONS, THE GATE VALVE BULKHEADS, THE BULKHEAD-
SHELL ATTACHMENTS, THE PLENUM ACCESS DOORS AND REINFORCEMENT
AREAS, THE ELLIPTICAL CORNER SECTIONS, AND THE FIXED REGION (RING
S8) OF THE TUNNEL.	 THE DIVISION 1 DESIGN CALCULATIONS, THE
ADDITIONAL ANALYSES AND THE CRITERIA FOR EVALUATION OF THE RESULTS
OF THE ADDITIONAL ANALYSES TO ENSURE COMPLIANCE WITH THE INTENT OF
DIVISION 1 REQUIREMENTS ARE CONTAINED IN THE TEXT OF THIS REPORT.
THE DESIGN ANALYSES AND ASSOCIATED CRITERIA CONSIDERED BOTH THE
OPERATING AND HYDROSTATIC TEST CONDITIONS.

IN CONJUNCTION WITH THE DESIGN, A DETAILED FATIGUE ANALYSIS OF THE
PRESSURE SHELL WAS ALSO PERFORMED UTILIZING THE METHODS OF THE
ASME CODE, SECTION VIII, DIVISION 2.

MATERIAL

THE PRESSURE SHELL MATERIAL SHALL BE ASME, SA-240, GRADE 304 	 FOR
PLATE AND SA-182, GRADE F304 FOR FORGINGS.THE MATERIAL PROPERTIES AT
TEMPERATURES EQUAL TO OR BELOW 150 O F ARE AS FOLLOWS:

(A)	 PLATE

YIELD = 30.0 KSI
ULTIMATE	 75.0 KSI

(B)	 WELDS (AUTOMATIC, SEMIAUTOMATIC, OR "STICK")

YIELD = 30.0 KSI
ULTIMATE = 75.0 KSI

OPERATING, DESIGN AND TEST CONDITIONS

THE OPERATING, DESIGN AND TEST CONDITIONS FOR THE TUNNEL PRESSURE
KI

SHELL AND ASSOCIATED SYSTEMS AND ELEMENTS ARE SUMMARIZED BELOW:

Xv
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1. OPERATING MEDIUM

ANY MIXTURE OF AIR AND NITROGEN

2. DESIGN TEMPERATURE RANGE

MINUS 320 DEGREES FAHRENHEIT TO PLUS 150 DEGREES
FAHRENHEIT, EXCEPT IN THE REGION OF THE PLENUM BULKHEADS
AND GATE VALVES INSIDE A 23-FOOT, 4-INCH DIAMETER, FOR r
WHICH THE TEMPERATURE RANGE IS MINUS 320 DEGREES
FAHRENHEIT TO PLUS 200 DEGREES FAHRENHEIT.

3. PRESSURE RANGE

OPERATING DESIGN
TUNNEL PRESSURE PRESSURES
CONFIGURATION RANGE, PSIA PSID

A. CONDITION I - PLENUM
ISOLATION GATES OPEN
AND TUNNEL OPERATING:.

' TUNNEL CIRCUIT 8.3 to 130 A. 8 EXTERNAL
EXCEPT PLENUM B. 119 INTERNAL

PLENUM (PLENUM PRESS- 3.3 to 130 A.`15 EXTERNAL
r URE IS LIMITED TO B. 119 INTERNAL

` .4 TO 1 TIMES THE
REMAINDER OF THE
TUNNEL CIRCUIT

BULKHEAD 56 (EXTERNAL TO PLENUM)
1

B. CONDITION 'II - PLENUM
ISOLATION GATES OPEN
AND TUNNEL SHUTDOWN: -

ENTIRE TUNNEL CIRCUIT 8.3 to 130 A. 8 EXTERNAL
B. 119 INTERNAL

BULKHEAD p

C. CONDITION III - PLENUM
ISOLATION GATES AND
ACCESS DOORS CLOSED.r _

TUNNEL CIRCUIT EXCEPT 8.3 to 130 A	 8 EXTERNAL
PLENUM B. 119 INTERNAL

4
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PLENUM (PLENUM OPER-	 0 to 130
	

A. 15 EXTERNAL
ATING PRESSURE CAN
	

B. 119 INTERNAL
EXCEED THE PRESSURE
IN THE REMAINDER OF
THE TUNNEL CIRCUIT BY
24 PSI, BUT DOES NOTE
EXCEED THE 130 PSIA !'
MAXIMUM OPERATING 1
PRESSURE) ^.

BULKHEAD A. 25 (INTERNAL TO
PLENUM)

B. 119 (EXTERNAL TO
PLENUM) FOR MINUS
320 DEGREES
FAHRENHEIT TO
PLUS 150 DEGREES'
FAHRENHEIT

*C. 115.7 (EXTERNAL TO !
PLENUM) FOR PLUS
151 DEGREES
FAHRENHEIT TO PLUS
200 DEGREES {r
FAHRENHEIT

*OPERATING PROCEDURES LIMIT PRESSURES TO THAT SHOWN.

D.	 CONDITIONC	 D TION IV - PLENUM'`
ISOLATION GATES CLOSED !
AND ACCESS DOORS OPEN: ,

TUNNEL CIRCUIT EXCEPT 8.3	 to 130	 A. 8 EXTERNAL
f

PLENUM B. 119 INTERNAL r{

PLENUM 14.7	 0 T:

BULKHEAD A. 119 (EXTERNAL TO k^^
PLENUM) FOR MINUS
320 DEGREES FAHRENHEIT

E

TO PLUS ;150 DEGREES
FAHRENHEIT

f

; B. 115.7 (EXTERNAL TO
PLENUM) FOR PLUS 151
DEGREES FAHRENHEIT TO PLUS-!
200 DEGREES FAHRENHEIT.

*OPERATING` PROCEDURES LIMIT PRESSURES TO THAT'SHOWN.

Vl. j`
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4.	 HYDROSTATIC TEST DESIGN CONDITIONS

THE PRESSURE SHELL WAS DESIGNED FOR HYDROSTATIC TEST IN
ACCORDANCE WITH THE REQUIREMENTS OF THE ASME CODE, SECTION
VIII, DIVISION 1. THE TEST PRESSURES SHALL BE AS FOLLOWS,
PRESSURE SHELL TEMPERATURE SHALL BE EQUAL TO OR BELOW
100°F DURING HYDROSTATIC TESTS.

CONDITION (1) MAXIMUM INTERNAL PRESSURE CONDITION
FOR THE ENTIRE TUNNEL CIRCUIT

PH1 = 1.5 (119) ( 18:2) + HYDROSTATIC HEAD

= 183.4 PSI + HYDROSTATIC HEAD

CONDITION (2) — MAXIMUM DIFFERENTIAL PRESSURE CONDITION
ACROSS THE PLENUM BULKHEADS

PH2 = 1.5 (18.2) (119) + HYDROSTATIC HEAD

183.4 + HYDROSTATIC HEAD

PH= 1.5 (11.5.7) ( 18.7 ) + HYDROSTATIC HEAD2`	 17.7

= 183.4 + HYDROSTATIC HEAD

*TUNNEL OPERATION LIMITATIONS PRECLUDE PRESSURE
DIFFERENTIALS ACROSS BULKHEADS IN EXCESS OF
115.7 PSI FOR BULKHEAD AND GATE TEMPERATURES
IN EXCESS OF 150°F.

3

I

CONDITION (3) - MAXIMUM REVERSE DIFFERENTIAL PRESSURE
CONDITION ACROSS THE PLENUM BULKHEADS

PH 3	1.5 (18:2) (25) _ 38.5 PSI —
THE PRESSURE SHELL EXCEPT FOR THE PLENUM SHALL BE 	 t
PRESSURIZED TO 144.9 PSIG. THE PLENUM SHALL BE	 E
PRESSURIZED TO 183.4 PSIG.

PRESSURE SHELL STRESS EVALUATION CRITERIA

THIS CRITERIA ESTABLISHES THE BASIS FOR ANALYSIS AND DESIGN OF THE
PRESSURE SHELL SO IT WILL MEET OR EXCEED ALL OF THE REQUIREMENTS
OF SECTION VIII, DIVISION 1 OF THE ASME BOILER AND PRESSURE VESSEL
CODE AND CAN BE STAMPED WITH A DIVISION 1 "U" STAMP.

1.	 SECTION VIII, DIVISION 1., DIRECT APPLICATION

a

3a
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CA) THE MAXIMUM ALLOWABLE STRESS (S)

S 18.2 KSI C-320 O F TO +150°F)

S = 17.7 KSI (-320°F TO +200°F)
1

(B) PRIMARY BENDING PLUS PRIMARY MEMBRANE STRESSES

THE LOCAL MEMBRANE STRESSES ARE NOT GENERALLY
CONSIDERED IN SECTION VIII, DIVISION 1 DESIGNS. 	 r y
HOWEVER, FOR THE PURPOSE OF DESIGNING LOCAL	 }
REINFORCEMENT AT BRACKETS, RINGS OR PENETRATIONS NOT
COVERED BY DESIGN BASED ON STRESS ANALYSIS, THE LOCAL
SHELL MEMBRANE STRESS SHALL BE:

Pb + Pm G 1.5 SE

NOTE: E IS JOINT EFFICIENCY

2.

	

	 IN REGIONS OF THE PRESSURE SHELL WHERE DIVISION 1 DOES NOT
CONTAIN RULES TO COVER ALL DETAILS OF DESIGN (REF.
U-2(g)), ADDITIONAL ANALYSES WERE PERFORMED UTILIZING THE
GUIDELINES OF THEASME CODE, SECTION VIII, DIVISION 2,
APPENDIX 4, "DESIGN BASED ON STRESS ANALYSIS." THE BASIC
STRESS CRITERIA FOR DIVISION 2 IS REPRESENTED IN FIGURE
4-130.1 AND RESTATED BELOW INDICATING ANY MODIFICATIONS OR
EXCESS REQUIREMENTS APPLIED TO IT TO RE14AIN WITHIN THE
INTENT OF DIVISION. LAND TO OBTAIN A DIVISION 1 STAMP.

A. GENERAL PRINCIPAL MEMBRANE STRESS

MAXTMTTM ATJ nWART.7 STRRg4

S = 18.2 KSI	 (-320°F TO +1500F)

S = 17.7 KSI	 (-320°F TO +2000F)

MAXIMUM ALLOWABLE STRESS INTENSITY

S 
	 20—.0 KSI	 (-320°F TO +30'0°F) i

B.	 PRIMARY GENERAL MEMBRANE STRESS INTENSITY
a

e
Pm ^, Sm

AND IN ORDER TO COMPLY WITH DIVISION 1, THE MAXIMUM
PRINCIPAL MEMBRANE STRESS MUST BE: w

Pm
	

S

q

NOTE:	 THE * IS USED TO DENOTE THAT MAXIMUM PRINCIPAL
STRESSES ARE TO BE COMPUTED FOR THE GIVEN LOADING
CONDITION.	 THE INTENT IS TO DETERMINE THE STRESSES WHICH
REPRESENT THE HOOP STRESSES AND MERIDIONAL STRESSES WHICH i
ARE THE STRESSES USED IN DIV ISION 1 COMPUTATTONS.

1
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C.	 DESIGN LOADS, PRIMARY LOCAL MEMB-FlANE STRESS !NTENSITY

PL !!^' 1.5 S 
{

NOTE:	 LOCAL MEMBRANE STRESS INTENSITY IS DEFINED IN
ACCORDANCE WITH DIVISION 2,
APPENDIX 4-112(i).	 THE TOTAL ME:RIDIO'NAL
LENGTH IS CONSIDERED TO BE 14.0 ^.

D.	 DESIGN LOADS, PRIMARY LOCAL MEMBRANE PLUS PRIMARY
BENDING STRESS INTENSITY

PL + Pb L 1.5 Sm

E.	 OPERATING LOADS, PRIMARY PLUS SECONDARY STRESS
INTENSITY

pL +P^+QG 3 S

f
3.	 A FATIGUE ANALYSIS WAS CONDUCTED IN-:ACCORDANCE WITH

SECTION VIII, DIVISION 2 WITHOUT MODIVICAT$ON.

4.	 HYDROSTATIC TEST CONDITION DESIGN CONSIDERATIONS

A.	 PRESSURE SHELL,

IN ACCORDANCE WITH DIVISION 1 OF THE AS11 7 CODE,
DESIGN ANALYSIS OF THE PRESSURE SHELL FOR THE
HYDROSTATIC TEST CONDITION IS NOT REQUIRED.
HOWEVER, IN ORDER TO PROVIDE A SATISFACTORY
ENGINEERING DESIGN FOR THE PRESSURE SHELL SPECIAL
EMPHASIS WAS GIVEN, AS PROMPTED BY NOTE (1) OF
SECTION VIII, DIVISION 1 OF THE ASME CODE, TO FLANGES
OF GASKETED JOINTS OR OTHER APPLICATIONS WHERE SLIGHT `-1
AMOUNTS OF DISTORTION CAN CAUSE LEAKAGE OR
MALFUNCTION.	 EXAMPLES OF THESE AREAS ARE THE PLENUM,
PLENUM ACCESS DOORS, PLENUM ACCESS DOOR
REINFORCEMENT, THE BULKHEADS, AND BULKHEAD FLANGES.

B.	 SUPPORT RINGS

DESIGN OF THE PRESSURE SHELL SUPPORT MiNGS, INCLUDING

ix
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THE CORNER RINGS, FOR ,THE HYDROSTATIC TEST CONDITION,
COMPLIES WITH THE FOLLOWING:

(A) THE COMBINED VALUE OF THE SHELL CIRCUMFERENTIAL
PRESSURE STRESS, S 1 AND SHELL

`BENDING STRESS S 2 , RESULTING FROM ACTION OF A

PORTION OF THE SHELL AS AN
'INNER FLANGE OF THE RING, SHALL NOT EXCEED 0.c&
WELD YIELD STRESS:

S1 + S 2 C 0.8 WELD YIELD STRESS,

WHERE, FOR SUPPORT RINGS NOT ANALYZED BY FINITE
ELEMENT TtCHNIQUES,

S1, PH (T ) + •6 PH ; PH INCLUDES HYDROSTATIC

HEAD CORRECTION.,. AND

S 2	RING BENDING STRESS AT INNER FLANGE'';, BASED

ON AN EFFECTIVE WIDTH OF THE PRESSURE
SHELL ACTING AS AN I?TNER FLANGE OF THE
;xZ2'IG OF 1.Z MULTIPLIED BY' THE
SQUARE ROOT OF DO T.

(B) THE BtNIMNG STRESS, SON THE OUTSIDE :FLANGEZ'F

SHALL NOT EXCEED .9 WELD YIELD
STRESS. (IN THE COMPUTER ANALYSIS ALL
LOADING CONDITIONS ARE LIMITED TO
.9 SY ON THE OUTER FLANGE.)

(C) BRACnETS AND SUPPORT PAD WELDPENTS

THE DESIGN FOR ALL LOADING CONDITIONS INCLUDING•

t	 THE HYDROSTATIC TEST CONDITION OF THOSE PORTIONS

{

i

i
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j
j

i
OF BRACKETS AND SUPPORT PAD j.IELD IENIS WHICH ARE
ATTACHED TO THE PRESSURE SHELL BUT NOT Ol)jTHI
SURFACE OF THE SHELL SHALL COMPLX WITH THE 	 f
REQUIREMENTS 	 OF THE ATSC CODE, I .E. MAX,IT -U^iY,	 F

STRESS IN TENSION EQUALS .6 Sy , ETC.

fJ	
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jj EEI^P RIN CON 
T	 FT Y

SPEC	 NCONELKNUCKLE S

l C^



_ r Tom.
7

^. ^ ^

h





^	 ^





DISPLAY= PS1 /1000. NODE=	 l._ SURF.RCE=

IN, GAI IA I UL \ P °`Y I

2





x/1/1
DISPLAY-	 PS2 /1000	 NODE=	 1	 SURFACE-	 1	 (;

9	 1

6	 ^

6y 0\1

5	 e

6	 o

y

96

^
s

5
787

8

8

t

9

e

9

e
^,

^

^`

j

I

8	 2
9

1
i	 `^



DISPLRY=
	

PS2 /1000 , NODE=	 1, SURFACE= ' 2
	 1/1/1



{ DISPLAY	 PSI /1000	 NODE=	 1, SURFACE=

^ e

nAr, 6

3



i

DISPLAY=	 P31	 !1000	 NODE=	 1.	
SURFFCE=	 1 ^.

r

is r

9

1 3

1 7•

1py

I.
i

1

9

7 r

i

t

it:T

t

h

N F ELLIIP RING CONNECCTED TO 41 FT CYL

2.1	 KNUCKLE 	 SECT RT ELLIP RING (MIDDLE)

-^ 3
u

-
GALE

I	 I

_._



DISPLAY- PSI /1 COO	 NODE=	 1	 SURFACE-	 2
1/1/1

r

r

a	 6

7 5 7

7

7
6

9

6

9

6

7 9
i

6

6

6

SPEC	 NTF ELLIP RING CONNECTED TO 41 FTYL	 0	 36
2.1	 KNUCKLE SECT RT ELL IP RING (M IODL ) 	 SCRLE-

Fla ueF jl

f	
.



DISPLRY-	 PSG /iCCC	 (NODE=	 1 , SURFRCE=	 0
	 1/1/1





DISPLRY= PS2 /1000	 NODE=	 1, SURFRCE=

R

2	
1/1/1





i

• 1 J 1/ 1 Y

R ACE_	 1

2
4 27

0
y 8 4 1

1
1

5 2 0
7 2 0

0

0	 1	 I9 4	 1

S 1 1

01 2
7 2	 1	 >

_
4 0 2,

1 

0

6 1 3 32

3 1 3

0
4

5

N2' 
4 3 2

8	 2
0

Y 1\

5

3-4 2
1

0
.	

-	 5 S
2	 9

$- 1 3 1	 1i	
5 5 3	 -	 1

k	
6

5 0 
e	

15 5y 3	 1
.	 4 1 1 y	 1

SPEC	 NTF ELL I P RING CONNECTED TO 41 FT CYL	 Q_	 27'
3.1	 KNUCK SECT RT ELL IP R-ING (OUTSIDE) 	 SCRLE

F1 6-C f5 :7 (o	
{
1

-I

-	 z

.x 110D€ CIBII.ITY OP T1C] 	 !

t	 #11'41GR AL PAGE' IS PC1W

DISPLAY- °S1 /1000	 NODE-	 1	 SU F	 -



DISP'LR = PSI /1000 	 NODE=	 1, SU#.RCE=	 2
1/IL/1









-	 SURFACE=	 0D I SPLRY=	 PSI /1000 	 NODE= 	
1 / 1 / 1

r

15

15

	

—"
	

15

1617
17

16	 ^^^'	 18	 19
i6	 16	 19

18	 20	 19 20
17	 20	

19 20

19	 --20 21	 2	
20 20

17	
19	

21	
20 21	 2	 1	

20	 2	 t9	 7
21	 2	 19

17	 _	 21 22	 21 21	 2	 2 t 	 17

	

20	 r	 2 1
M	 22	 21 23	 2 22	 2 2	 2	 18	

18 ,

20	
1	 1	

i	 a
17	

22	 2	 3	 2	 3	 2 2 t	 2	 1	 1	
10	 f

• 2	 2 1°	 1	 10	 i	 t

20	 22	 2 3	 2	
2	

11	 a

2
2	 2	 2

23	 2
11

2	
2	 11

2	
2	

'	 12

2	 12

13

	

1'1	
4

'	
f

	

.	 i

SPEC	 NTF EL^ I P PIPG ` CONNECTEDTO 41 -FT CYL

q. I 	CONE NUCL SECTION (INSIDE CORNER)	 SCRLE

F1 cu41

	Jaw,^:H..=s..^.t.,^-..:u:.::-.ay..s:ra. 	 ., b,_	 ., .,	 ,.,...-,v	 , ,_ ,.., z.. x. .x._.a-,.. 3., .....	 •euws+...-s»:see. 	 ..^..a...:ME.ux-.s.:....s•wis. 	 '\	 rt





i

1/1/1
DISPLAY-	 PS1 /1000. NODE=	 1, SURFACE-	 2

	17 	
is	

18

18	 18	 i8 18
17 1g 	 19 ^-

	 16 19	
18 i9	

19 1H,

17	
1819 19	

1	 18	
16

	

19	
18	

19 18	
1	 19	

19	 a

17	 19	
1	 19	 1 ' 19	 1	 18	 1	 17	 i	 tB

	

18	 1	 19	 1	 19	 1	 18	 1	
17 1s	 !!!

17	 17	 1	 1
i9	 17	 1 19	 1 19	 1° 1	 7	 i 1	 it

19	 18	 1 1 9 	1	 1	
1	 1	 1	 1	 1	 12

iB	 1`

	

 1
	

1	 1	 .7	 i

9	 13	

12	
E

8	 1	 1	 1	 13	 —`_

1	 1	 1	 1	 1L1	
{

	

1	 1y	 ^

	

15	 ^

	

_	 1

.a
16	

i

•	
16

f

i
•	 a

SPEC	 NTF ELL I P RING CONNECTED TO 41 FT CYL 	 0	 23
4.1	 CONE KNUCKLE SECTION (INSIDE CORNER)	 r SCALE

f

t	 •



{

j

DISPLAY-	 PS2 /1000	 NODE=	 1	 SURFRCE=	 0

}

i
i

i

6	
6	

I
6

	7 	 6
6

7	 6	 4

7	 6	 4

7	 ^^	 y	 3 4
B	 5	

4	 y	 i
37	

5	 4	
4	 4 y	

3

	

8	
7	

y 4
	 9 4	

3 9

8	
5	

4	 5	 `^	 '^	 4	 39	 3 3 	
3

8	
6	 5 5	 4 4	 43 3

8	
4 3	 3 3	

,

9	 6	 5 6	 5 5	 4 4	 4 3	 y g l	 I
g	 I	 t

g	 6	 5 5	 5 5	 5 4	 4 4	 3	 3

5 5 4	 y
6	

3	
4	

3
5 y

B	 5	
S 5	 5	 4}	 4	 ^

6 6	 5 5	 f	 ^	 ,. -_
5 5	

5 4	 4	 ^^
'	 5 5	 4	 _

4	
.

F

{

SPEC	 NTF ELLIPC^INGCONNECTED TO 41 FT CYL
4.1 	 CON KNULE SECTION (INSIDE CORNERS 	 5Cp

F1 6-UR	 ¢ ^



i
i

1:

i

DISPLAY, PS2 /1000	 NODE=	 1. SURFRCEz	 1
	 1/1/1 i

i

F



3

UISPLRY= PS2 /1000	 NODE	 1, SURFRCE=	 2

SPEC_	 NTF ELL I P RING CONNECTED TO 41 FT CYL	 Q	 23
4.1	 CONE KNUCKLE SECTION (INSIDE CORNER.) 	 SCALE

.	 1

r



a

	

DISPLAY= P31 /1000	 NODE=	 1	 SURFACE	 0

4

15	 15	 15	 15	 15	 15	 15	 1S	 16	 16

17	 16	 ,	 16	 17	 17	 17	 17	 17	 18	 18

18	 18	 18	 18 	 18	 18	 19	 15	 15	 _20

1	 1	 1	 1	 i	 1. 9	 1	 9	 10 `^	 -	 1 `'

1	 °^	 t

	

r	 ' 

1	 l0	 1	 1	 ,	 1	 2	 2	 9
1	 1	 1	 1	 1	 1	 1	 =

i	 1	 1	 1	 i	 1	 1	 i	 ,	 1	 1

10	 10	 10	 10	 10	 10	 10	 10	 11	 11

_	

I

r

'	 4

1

} SPEC	 NTF ELL I P RING CONNECTED TO 41 FT CYL	 0	 23
5 1	 CONE KNUCKLE SECT (MID

D
 LE.	 SCALE

47



D I SPLRY	 PSI /1000 	 NODE=	 1, SURFRCE=	 1

f

i

s

19	 14	 14	 14	 14	 15	 15	 15	 15	 15' /

16	 16	 16	 16	 17	 17	 1?	 18	 18	 18	 j	
a

20	 19	 19	 20	 20	 20	 21	 22	 22	 29

1	 1	 _0	 2	 2^l	 2	 2 2	 2 3	 2^ 2

	

21.—	 ?
`	 2	 2	 a	 2	 2'	 21-	 2	 2	 2	 2	 2	 3

2	 2	 2	 2	 2	 2	 2	
-

1	 1	 1	 1	 1	 1	 1	 2	 7	 2	 2

9	 9	 9	 9	 9	 10	 10	 10	 10	 10	 j

i
i	 —

SPEC	 NTF ELLIP RING CONNECTED TO 41 FT CYL 	 0	 285 ?	 CON . KNUCKLE SECT (MIDDLE)	 SCRLE

46
•



i

D I SPLAY_	 PSI / 1 Gn-n	 NnnF= 1 .	 SIIRFPI"F-	 p



J

DISPLAY- . PS` / 1000	 NODE=	 1 , SURFACE=	 0	
1 / l / 1

,:	 I

l
i
t

I

i
1

8	 6	 6	 B	 6	 6	 66	 6	 6

5	 5	 5	 5	 5	 b	 6	 6	 6	 6

4	 4	 4	 4	 4	 4	 4	 4	 9I	 4
3	 3 	 _j--4--1 3	

g;s

3	 3f
3

3 3 3 3 3 3 3 3 W33 
I

3

.	

E

}

iI
r

ETC 1-LITY OF T

T	
i

SPEC
	 NCONELKNUCKLE^SE^TN^M I DDLEO ^ 1 FT CYL

	 or 
scALE 

28	 ^

f
r

1



:,

,
1/1/1

	

D I SPLAY- PS2 /1000 	 NODE=	 1, SURFHCE=	 1

2	 2	 2	 3	 3	 3	 3	 3	 3	 4

4	 4	 4	 4	 5	 5	 6	 6	 6	 7

8	 8	 B	 8	 9	 3	 10	 11	 11	 12 ,

8 9	 8	 B	 9	 9	 1	 to	
i3	 r

1a	 ^c-

1
,	 1	 1	 1	 1	 1	 1	 _1	 1	 1

l	 1	 1	 ,	 1	 1	 d:,:	 ;

	

7	

7	 7	 1	 10	
0	

0	
,B	

,

0	
1	

1	
1	

1	
2	 2

l	
,I

SPEC	 NTF ELLIP RING CONNECTED TO 41 FT CYL
5.1	 CON KNUCKLE SECT (MIDDLE) 	 SCALE

f F10-ukF—

J 	

1

,.	 -	 1	 o



DISPLAY_	 P52 /1000	 NODE=	 1	 SUPFRCE=	 2	 I

9	 9	 9	 9	 9	 9	 9	 9	 9	 9	 -

7	 7_	 7	 6	 6	 6	 6	 6	 6	 6

0	 0	 0	 -1	 -1	 -1	 -2	 -2	 -2•	 -3

- -	 -	 -	 -2	 -3 -3

6	 6	 6	 5	 5	 5	 5	 5	 5	 5

SPEC '	 NTFLL I P PING CONNECTED TO 41 FT CYL 	 0	 28
5.1	 CONE KNUCKLE SECT (M I DDLE Y . 	 SOLE

{{



Li 1/1	 l
DISPLRY_	 PSI /1000	 NODE	 1, SURFACE=	 0

0 20

is. 1
1\	 19

o`er
0 20

11	 1	 _1	 1	 16
'	 1

0	 18
0 •20

11	 1
i	 1	 161	 1

18
9	 0 20

..	 11	 1	 1	
1

1	 1	
16	

j

1	 18
1 0 20

11	 1
1	 1	 11

to
16

1	 20	 i

11	 1	 1
1	 '

1 1	 16	 a0 20	 i6

11	 1	 1	 j	 _
1	

1	
L

1 16 .
	 r	 a

11	 1 0 20	
18

1 1 t	 1

1 p 20	 18 16
11	 1 1 

1	 1

1 0 20	 18	 16
11	 1	 1 1	 1

,.	
I 1

6.1	 NCONELKNUCRISECTONNOUTSDIDEOCORNER)CYL 	 bUHL
a





D I SPLRY= - PS 1 /1000	 NODE=	 1. SURFRCE=	 2
1/l/1



1, SURFRCE=	 0
1/1/1

DISPLAY= PS2 /1000	 NODE=

y

i



q
DISPLRY=	 PS2 /1000. NODE=	 1. SURFRCE=

i





Z ^xt -
o t

i'
tt
r

D D
m ^

,

i

c
M

'	 t	 n

t	 ^

r

t	 t`^ 1 i^
r	 ,	 ,

,	 i	 S
r
r	 ,	 ,

t	 ,

f	 ,	 h
t	 .	 ,

f	 r

r	 ^
i	 -r;
r

t	 r

,	 r
,	 r	 ^

(1 -r

M f7Z
c z

, o

,

,
O

t

f

3

NTF PRESSURE sNEL L

CoRNEe h 43a4 5. s

2.33	 2.33	 12-47

^=	 T. [	 SEAM	 T,^ ,

j	 .2.67
k

:

^2a

L/}

"s 
!r

^	

l0

sE/TM

T1.

-2-4 7

9YERRGE iVET SEc. TIdN ST"F€'E Ss

P-= lI y Ps 3 G

O	 10	 20	 30	 4-0	 .50	 60	 70	 80

Mg Rl DIO Nig DISTf4NCE , =N•

F px 5g


