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P	
sis Report prepared by LaRCThis report is one volume of a Design Analy

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

i
dated September 1976).	 The volumes prepared by La RC are listed below:

I.	 Finite Difference Analysis of Cone/Cylinder Junction (304 S.S.)
Vol. 1, NASA TM X-73957-1.

2.	 Finite Element Analysis of Corners #3 and #4 (304 S.S.), Vol. 2S,
NASA TM X-73957-2.

3.	 finite Element Analysis of Plenum Region Including Side 'Access
Reinforcement, Side Access Door and Angle of Attack Penetration
(304 S.S.), Vol, 3S, NASA TM X73957-3.

4.	 Thermal Analysis (304 S.-S.) Vol. 4S, NASA ,TM X73957-4.

5.	 Finite Element and Numerical 	 Integration Analysesof the
Bulkhead Region (304 S.S.), Vol.	 5S, NASA TM X73957=5.

6.	 -Fatigue Analysis	 (304 S.S.), Vol.	 6S, NASA TM X73957-6.

7.	 Special	 Studies (304 S.S.), Vol. 7S,	 NASA TM X73957-7.
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I NTF'DESIGN CRITERIA

I
I

FOR 30<4 STAINLESS STEEL

- GENERAL

THE DESIGN OF THE PRESSURE SHELL REFLECTED IN THIS REPORT
SATISF_T.ES THE _DESIGN REQUIREMENTS OF THE ASME BOILER AND PRESSUREi
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

I CONE CYLINDER JUNCTIONS,.THE GATE VALVE` BULKHEADS, THE BULKHEAD-
SHELL ATTACHMENTS,, THE PLENUMACCESS DOORS AND REINFORCEMENT
AREAS', THE ELLIPTICAL CORNER SECTIONS, AND THE FIXED REGION (RING

`j 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.

j IN CONJUNCTION WITH THE DESIGN, A DETAILED FATIGUE ANALYSIS OF THE 	 Y

PRESSURE SHELL WAS ALSO PERFORMED UTILIZING THE METHODS OF THE

^	 I

ASME CODE, SECTION VIII, DIVISION 2.

I

i
1

MATERIAL

J
THE PRESSURE SHELL MATERIAL SHALL BE ASME, SA-240, GRADE-304	 FOR
PLATE AND SA-182, GRADE F304 FOR FORGINGS,.THE : ATERIAL PRCPFRIIES AT

I

TEMPERATURES EQUAL TO OR BELOW 150 O F ARE AS FOLLOWS:'`

(A)	 PLATE

I YIELD =	 30.0 KSI j
j ULTIMATE	 75.0 KSI

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

j YIELD = 30.0 KSI
ULTIMATE = 75.0 KSI

I OPERATING, DESIGN AND TEST CONDITIONS

ITHE OPERATING,' DESIGN AND TEST CONDITIONS FOR THE TUNNEL PRESSURE
SHELL AND ASSOCIATED SYSTEMS AND ELEMENTS ARE SUMMARIZED BELOW:+

iv ^'
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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
WHICH THE TEMPERATURE RANGE IS MINUS 320 DEGREES
FAHRENHEIT TO PLUS 200 DEGREES FAHRENHEIT.

3.
i

PRESSURE RANGE

I

I OPERATING DESIGN
TUNNEL PRESSURE PRESSURES
CONFIGURATION RANGE, PS'IA PSID

A. CONDITION I - PLENUM
ISOLATION GATES OPEN
AND TUNNEL OPERATINGt

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

` PLENUM (PLENUM PRESS- 3.3 to 130 A. 15 EXTERNAL
URE IS LIMITED TO B. 119 INTERNAL
.4 TO 1 TIMES 'THE
REMAINDER OF THE

l TUNNEL CIRCUIT
3

BULKHEAD 56 (EXTERNAL TO PLENUM)

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

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

BULKHEAD 0

C. CONDITION III - PLENUM
-ISOLATION GATES AND
ACCESS,DOORS --CLOSED:

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

vp
AlinORTG^U;.
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4 PLENUM (PLENUM OPER- 0 to 130 A.
w

15 EXTERNAL
ATING PRESSURE CAN B. 119 INTERNAL
EXCEED THE PRESSURE

'. + IN THE REMAINDER OF
THE TUNNEL CIRCUIT BY
24 PSI, BUT DOES NOT
EXCEED THE 130 PSIA
MAXIMUM OPERATING
PRESSURE)

I
BULKHEAD A. 25 (INTERNAL TO

PLENUM)
B. 119 (EXTERNAL TO

{ PLENUM) FOR MINUS'
320 DEGREES
FAHRENHEIT TO
PLUS 150 DEGREES

I
i

FAHRENHEIT

*C. 115.7 (EXTERNAL TO
PLENUM) FOR PLUS
151 DEGREES
FAHRENHEIT TO PLUS

i 200 DEGREES
a

FAH-'D\̂ -1,! HE!

*OPERATING PROCEDURES LIMIT PRESSURES TO THAT SHOWN.>

D. CONDITION IV - PLENUM
I ISOLATION GATES CLOSED
+ AND ACCESS DOORS OPEN;:

TUNNEL CIRCUIT EXCEPT 8.3	 to	 130 A. 8 EXTER NAL
	j.

PLENUM B, 119 INTE _4 AL

PLENUM 14.7 0

BULKHEAD A. 119 (EXTERNAL TO
PLENUM) FOR MINUS
320 DEGREES FAHRENHEIT
TO PLUS 150 DEGREES
FAHRENHEIT

*B. 115.7	 (EXTERNAL TO	
a

PLENUM) FOR PLUS 151
DEGREES FAHRENHEIT TO PLUS
200 DEGREES FAHRENHEIT

*OPERATING PROCEDURES LIMIT PRESSURES TO THAT SHOWN.

I
f
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(A)	 THE MAXIMUM ALLOWABLE STRESS (S)

S	 18.2 KSI	 (-320°F TO +150°F)

S _ 17.7 KSI	 C- 320°F TO +200°F)

" (B)	 PRIMARY BENDING ,PLUS PRIMARY MEMBRANE STRESSES

THE LOCAL MEMBRANE STRESSES ARE NO T GENERALLY
CONSIDERED IN SECTION VIII, DIVISION 1 DESIGNS.

j 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 < 1.5,,SE

NOTE:	 E IS JOINT EFFICIENCY

2. IN REGIONS OF THE PRESSURE SHELL WHERE DIVISION 1 DOES NOT
CONTAIN RULES TO COVER AL DETAILS' OF DESIGN (REF.

I U-2(g)), ADDITIONAL ANALYSES WERE PERFORMED UTILIZING THE
GUIDELINES OF THE ASME CODE, `SECTION VIII, DIVISION 2,
APPENDIX 4, "DESIGN BASED ON STRESS ANALYSIS." THE BASIC
STRESS CRITERIA FOR D`IVISION`2 IS REPRESENTED IN FIGURE
4-130.1 AND RESTATED BELOW INDICATING ANY MODIFICA!IONS OR
EXCESS 'REQUIREMENTS APPLIED TO IT TO RE14AIN WITHIi q THE
INTENT OF DIVISION 1 AND TO OBTAINA DIVISION 1 STAMP.

t A.	 GENERAL PRINCIPAL MEMBRANE STRESS

MAXIMUM ALLOWABLE STRESS

S	 = 18.2 KSI	 (-320°F TO +150°F)
a

S	 17.7	 KSI	 C-320OF TO +2000F)

MAXIMUM ` ALLOWABLE STRESS INTENSITY

Sm =	 20.0 KSI	 (--320°F TO +300°F){
a

B.	 PRIMARY GENERAL MEMBRANE STRESS INTENSITY' a

Pm	 S
— 

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

I Pm	 S

j 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
ARE THE STRESSES.USED IN DIVISION 1 COMPUTATIONS.

--	 ---- —	 — _	 --	 —	 — -- —	 --	 — v i- i	 ---	 —	 — — —	 — -- --	 —
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C-, DESIGN LOADS, PRIMARY LOCAL MEMBRANE STRESS INTENSITY

j PL < l . 5 Sm

NOTE:	 LOCAL MEMBRANE STRESS INTENSITY IS DEFINED IN
ACCORDANCE WITH DIVISION 2,
APPENDIX 4-112M .	 THE TOTAL MERIDIONAL
LENGTH ISCONSIDERED TO BE 1.0 ART.,

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

_ P
L + Pb ^ 1. 5 Sm

E. OPERATING LOADS, PRIMARY PLUS SECONDARY STRESS
J. INTENSITY
I

PL + Pb + Q G 3 Sm

i.

3.	 A FATIGUE ANALYSIS °WAS 'CONDUCTED IN ACCORDANCE WITH
SECTION VIII, DIVISION 2 WITHOUT MODIFICATION.

4.	 HYDROSTATIC TEST CONDITION DESIGN CONSIDERATIO?1S

^.	 A. PRESSURE SHELL

IN ACCORDANCE G1ITH DIVISION1 OF 	 HE mac_'«`^	 ',
DESIGN ANALYSIS OF THE PRESSURE SHELL FOR --HE—
HYDROSTATIC  TEST CONDITION IS NOT REQUIRED.
HOWEVER, IN ORDER TO PROVIDE A-SATISFACTORY

'ENGINEER-ING DESIGN FOR THE PRESSURE SH? L SPPCi_=.-
MEMPHASIS WAS GIVEN, AS PROMPTED BY NOTE (1) O=

SECTION VIII, DIVISION 1 OF THE ASNIE CODE, TO : -_._.GES
OF GASKETED JOI14TS OR OTHER APPLICATIONS :}IHE=.= S_ G Gti_

(. AMOUNTS OF DISTORTION CAN CAUSE LEAKAGE Or
j MALFUNCTION. - EXAMPLES OF THESE AR 'AS ARETHE

PLENUM ACCESS DOORS, PLENUM ACCESS; DOOR
REINFORCEMENT, THE BULKHEADS, AND BULKHEAD FL='.:3jLS:

^. B. SUPPORT RINGS

DESIGN OF THE PRESSURE SHELL SUPPORT RINGS, INCLUDING
i

I-
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i
THE CORNER RINGS, FOR THE HYDROSTATIC TEST CONDITION,
COMPLIES WITH THE FOLLOWING: ^

I	 ^
j	 (AX,	 THE COMBINED VALUE OF THE SHELL CIRCUMFERENTIAL

PRESSURE STRESS, Sl 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 0.8
WELD YIELD STRESS:

S 1 + S 2 !^— 0.8 WELD YIELD STRESS,

WHERE, FOR SUPPORT RINGS NOT ANALYZED BY FINITE
j	 ELEMENT TECHNIQUES,
i

S1 = PH (T) +	 .6 PH ; PH INCLUDES HYDROSTATIC
1

HEAD CORRECTION, AND

52 = RING BENDING STRESS AT I.vNEE FLANGE, BASED
I

ON AN EFFECTIVE. WIDTH OF "HE PRESSURE
SHELL ACTING AS AN - 	 ^ FLA.4GE OF = J
RI14G OF 1.1 MULiIPLI "EJ S`_' 'r HE
SQUARE ROOT OF ` ^^

(B)	 THE BENDING STRESS, S 2F ONTHE OUTSIDE

SHALL NOT EXCEED .9 WELD YIELD
STRESS.	 (IN THE COM—P UTER ANALYSIS	 LL
LOAD 14	 CO^iDITIONS ARE _! _;I ED TO
.9 , SY ON THE OUTER FL.--NGE . )

y (C)	 BRACKE TS AND SUPPORT F2'—.D yr—LLr..- _,1 S
i

THE DESIGN FOR ALL	 OADIi G COPNDITIONIS INC`LUDI `(G
THE HYDROSTATIC TEST CONDITIG'i OF THOSE PORTIO^•JS
OF BRACKETS' AND SUPPORT PAD'WELDMENTS WHICH ARE
ATTACHED TO THE PRESSURE SHELL BUT NOT ON THE
SURFACE OF THE SHELL SHALL COMPLY WITH THE
REQUIREMENTS OF THE;AISC CODE, I.E. MAXIMUM

' I	 STRESS IN TENSION EQUALS	 .6 Sy , ETC.

s
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method for the solution of temperature histories of one-dimensional, two-dimensional, or
spherical systems. Options are available for heat input given in tabular form, computed
from a trajectory, or computed from a temperature history given for a specific location.
The types of heat exchange are: (1) conduction; (2) convection — with (a) given heat input,
(b) heating due to skin friction with Van Driest equations, (c) stagnation heating with Sibulkin,
Detra-Kemp--Riddell, and Cohen equations; (3) radiation-out; (4) air-conduction; and (5) joint
conduction. The system configuration is specified by an arbitrary number of discrete ele-
ments and their interrelationships.	 ?
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1/1/1

DISPLAY-	 SX	 /1000 . NODE=	 4. SURFACE=	
1

0 0 0 0 0 0 0 2 1 -22
0 0 0 0

0 C 0 0 0 0 0 0 0 0 0 2 l -22

i	 0 C 0 0 0 0

I

0

0

0

0

0

0

0

0

0

0

2

2

1

1 H-2
C C 0 0 0 0

J 0 0 0	 i 0 0 0 D 0 D 0 2 1 -22

D 0 0 0 0 0 0 0 0 0 0

0

2

2

1

1

-22

-22
c	 I C 0 0	 { 0 0 0 0 0 0

C

^—

p C 0 0 D 0 0 0 0 0 Z 1 -22

0 D D 0 0 0 0 0 0 0 2 -22

0 0	 D 0 0 0 0 0 0 0 0 2 1 -22

0 G 0 0 0 D D D G 0 0 2 1 -22

0 D 0 0 0 G 0 0 0 0 0 2

2

1

1

-22

-22

L
0 G 0 0 0 0 0 0 0 0 0

2 1 -22
0 0 0 0 0 0

0

0

0

0

0

0

0

0

0

0

0 2 1 -22	 I^^ -0 0— I i

SPEC	 TO? HALF OF CYLINDER
4.1	 THERMO LOADS
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1/1/1

D'i3PLRY=	 SX	 /1000 . NODE=	 q . SURFRCE=
	

2

Fc 0 0 0 0 0 0 0 0 0 0 2— -5	 1 -11

0 0 0 0 0 0 0 0 0 0 0 2 -S -11

0 C 0 0 0 0 0

C

0

0

0

0

0

0

2

2

-5

-S

-I1

-11
_ 0 0 0 0 0 0

C 0 0 0 0 0 0 0 0 0 0 2 -S -11

0 0 0 0 0 0 0 0 0 0 0 2 -S -11

.—

0 0 0 0 0 0 0 0 0 0 0 2 I	 -S
I

-11

0 0 0 0 0 0 0 0 0 0 0 I	 2 -S -11

0 0 0 0 0 0 0 0 0 0 0 2 -S -11

0 0 0 0 0 0 0 0 0 0 0 2 -5 -11

0 0 0 0 (	 0 0 0 0 0 0 0 2 -5 -11

0 0 0 0 0 0 0 0 I	 0 0 0 2 -5 -11

0 0 0 0 0 0 0 0 0 0 0 2 -5 -I1

0 0 0 0 0 0 0 0 0— 0 0 2 -il

0
L—

0 0 0 0 0
—

0	 0 0 0 0 2 -5 -11

TOP HALF OF CYLINDER	 Q

THERMO LOADS	 r ^^RL
SPEC
4.1

1
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1/I/_
D I Sr'LHY=	 SX	 / 1000 , NODE=	 4. SURFRCE=	 0

0 0

0	
0

0	 0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0	 0

0	 0

0	 0

0

0

0

2

2

2

-2

-2

-2

-16

i	 -16

-16

0	 0

0

0

0

0

0

0

0

0

0

0	 D

0	 0

0

0

0

0

0	 2

0	 2

I	 -2	 -16^

^
I	0

C	 C 0 0 0	 I__o 0 0 C	 '	 0 I	 0	 2 -2	 ^	 -16

0	 i	 0

0	 0

0

0

0

C

0

0

0

0

0

0

0

0

I
_ Ĉ ^_ 

0

I	 C	 C

C	 2

0	 2

-2	 -16

-?	 -16

0	 0 0 0 C 0 0 0

0

0	 0

00

0	 2

0	 1

-2	 -16

-2 -150	
I	

0 0 0 0 0 0

^-0	 D 0 0 0 D 0 0 0	 0

0	 0

0	 1

0	 0

1	 -12

0	 -d0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

I

0	 0

l

0	 -!

1

1	 2	 3

0

0

C

0

0

0

0

0

0

0

0

0

0

0

0

0

0	 0

0	 0

0	 -3

0

3	 26

3	 54	 J

SPEC	 BOTTOM HALF RF CYLINDER
HE5.1	 TRMO LORD
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DISPLAY=	 SX	 /1000 . NODE=	 q , SURFACE=	 '.
	 I/I/:

j	 0 0 0 0 0 0 0 0 0 0 0 2 1 -22

0 0 0 0 0 0 0 0 0 0 0 2 1 -22

0 0 0 0 0

0

0 0 1	 0 0 0 0 2 1 -22

0 0 0 0 0 0 0 0 I	 0 0 2 1 -22

e o 0 0 0

--

0

-

0 0 0 0 0 2 i - 2 2

—a

0 0 0 0 0 0 0 0 0 0 0 2 1 -22

0 0 0 0 0 0

0

0

0

0

Q

0

I	 0

0

0

0

0

2

2

1

1

-22

-221 1 1	 1
I

1 1 1 1 I 1 1 1
I

1 0 0 2	 I 2 -21

1 1 1 1 1 1 1 1 1 0 2 2	 I -20

0
I
^	 0 0 0	 ! 1 1 1 1 1 1 1 2 3 -10

0 0 1 1 1 1 1 S -130 I	 0 0 0 0

0 0 0	 i 0	 I 0 0 0 0 0 0 1 -2 8 0

-1 -1 0 -6 6 23

-2 -1 8 -4 r65

SPE^	 BOTTOM HALF OF CYLINDER
5.1	 HERMO LOADS J^  
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o ,<- / 7

DISPLAY-	 SX	 /1000 , NODE=	 4, SURFACE=	 2	
1/: /;

0	 0	 01 0 0 0 r 0 0 OT 0 0	 2 -5 -11

0	 0	 0 0 0 0 0 C 0 0 0	 2 5 -11

c	 0	 0

c	 0	 0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0	 2

0	 2

-5

- 5

-11

1-11

0	 0	 0 0 0 0 0 C 0 0 0	 2 -5 -11

0	 0	 j	 0

c	 0	 0

0

0

0

0

0

0

0

i	 0

0

--

Ii
	 0

0

0

0

0

0	 2

- 4—
0	 2

-5

-5

-11

--

-I1

i
0 0 0 0 0	 2 -6 -10

1 1 0	 1 -5 -10

0	 C	 0 0 -1

0	 0	 0 0 0

-1 -1 1 -1 -1 -1	 0 -6 -7

0 C -1 -1 -1 -2	 0 -6 -2

0 0 c

1

0

1

0

1

0

1

0 0 0 0 -1 0 -4 6

1 1 1 1 I 1 0 1 1 24

--1 1 1 1 1 1 1 1 2 2 2 1 10 43

SPEC	 BOTTOM HALF OF CYLINDER
5.1	 THERMO L AD

_	 oi6

SCALE Ell
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t-113-13

1-13

	

-13	 13

	

-13	 i -13

	

-13	 -13

-13

-13

-13

-13

-13

	-13 	 -13	 -13	 -13	 -13	
-13	 -13

	

-13	 -13	 -13	 -13	
-13	 -13	 -13

	

-13	 -13	 -13	 -13	 -13
	 -1

	

I -13	 -13	 -13	 -13	
-13	 -13	 -13

	

-13	 -13	 -13	 -13	 -13
	 -:3	 -13

I

q

3-13 -13 -13

1' -13 -13

13 -13 -13

	

-13	 -13	 -13	 -13

	

-13	 -13	 -13	 I -13

I 	 !

8 L^^
-2 of 1^

l

Dl%cjPLRY 7 	SY	 /1000	 NODE=	
4. SURFACE=	 0

I -13	 -13	 -13	 -13	
-13	 -13	 -13	 -13	

-13	 -13	 -13	 -13	 -13	
-13

_	 -13	 I -13	 -13	 -	 -13	 -13	 -13	 -13	 -13	
I -13

13
-13	 I -13	 13	 -13	 ^

-13 -13	 -13	 -13	 -13	 -13	
-13	 -i3	 -13	 -13	

-13	 -13	 -13	 -i3

_	 -13	 -13	 -13	 -13	
-13	 -13	 -13	 I -13	 -13	

-13	 -:3

-13	 13	 -13	
_-—_^

-13	 -13-13	 -13	
-13	 -13	 -13	 -13	 -13
	 -13	 -13	 -13	 -13	 3

-^-	 -+-
-13	 -13	 -:3	 -13	

-13	 I -13	 -13	 -13	
-13	 -13	 -13	 -13	 -13

-13	 -13	 -13	 -13	
-13	 -13	 -13	 -13	

-13	 -13	 -13	 -13	 -13	
-13

r13	 -13	 -13	 -13	 -13
	 -13	 -13	 -13	 -13
	 -13	 -13	 -13	 -13	

-13

	

--	 i -13	 -13	 -13	 -13	
-13	 -13	 -13	 -13	 -13	

-13

	

-13 -13	 -13	 -13	 _

-+--
Ir 13	 -13	 -13	 1-13	

-13	 -13	 -13	 -13	
-13	 -13	 -13	 -13	 -13	

-13^

L: _	 _

SPEC	 TOP HALF OF CYLINDER	 -- y LL -^
y .1	 ' HERMO LOADS

•pU 7 ,J	 :tai viL1 loll ^n^ {i^^ 'l 7l^^ I.J ^J J^.0 f+y	 OIIC?iCC.C., ..

1	 1	 1

I	 1



a L f (-
OF 1-7

1/1/1
DISPLAY=	 SY	 /1000	 NODE=	 q , SURFACE=	 1

-13 -13 -13 -13 -13 13 13 -13 -13 -13 -14 -12 -3 -32

-13 -13 13 -13 -l3 -13 -13 -13 13 -13 -14 -12 -3 -32

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -14 -12 -3 -32

:3 -13 -13 -13 -13 -13 -13 -13 -13 -13 -14 -12 -3 -32

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -14 -12 -3 -32

-13 -13 -13 -13 -13 -13 -13 -13 -13
i

-13 -14 -12 -3 -32

-13

--t--
I	

-13

1

-13

-

-13 -13 -13

-

-13 -13 -13 -13 -14 I -12 -3 -32

-13 -13 -13 -13 -13 -13 -13 -13 -13 -.' -14 -12 -3 -32

I

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -14 ;	 -12 -3 -32

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -14 -12 -3 -32

171 -3- -13 -13 -13 -13 -13 -13 -13 -13 -13 -14 -12 -3 -32

-13 -13 -l3 -13 -13 -13 -13 -13 -13 1 	 -13 -14 -12 -3 -32

i	 -13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -14 -12 3 -32

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -14 -12 -3 -32

I	 -13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -14 -12 -3 -32

'PEC	 TOP HALF OF CYLINDER
q •:	 THERMO LOADS



`..Nv

1 ^3 t_ K

1/1/ 1
01SPLRY	 SY
	

/1000 . NODE=	 4. SURFRCE--	 2

SPEC
4.1

-13 -13 -13 T13 -13 -13 -13 -13 -13 -13 -12 -13

-13

-23

-23

6

6-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -12

-13

-13

6

6

-13

-13

-13

i	 -13

-13

-13

-13

-13

-13

-13

-13

-13

-13

-13

-13 -13 -12 -13 -23

-23-13 -13 -12 -13

-13 13 -13 -13 -13 -13 -13	 -13 -13 -1S -12 -13 -23 6

-13 -13 -13 -13 -13 -13 -13	 -13 -13 -13 -12 -13 -23 6

1	 -13
^

-13 -13 -13

L

-13 -13 -13	 -13
I

-13 -13 -12 -13 -23 6

-13 -13 -13 -:3 -13 -13 -13	 -13 -13 -13 -12 -13 I	 -23 6

6^-13 -13 -13 -13 -13 -13 -13	 -13 -13 -13 -12 -13 -23

13 -13 -13 -13 -13 -13 -13	 t-13 -13 -13 -12 -13 -23 6

I I
__

-13 -13 -13 -13 -13 -13 -13	 -13 -13 -13 -12 -13 -23 6

-13 -13 -13 -13	 I -13 -13 -13 -13 -13 -13 -12 -13 -23 6

-13 -13 -13 -13 -13 -13 -;3 -13 -13 -13 -12 -13 -23 6

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -12 -13 -23 6

i

-13 -13 -13-^ -13	 1 -13 -13I -13 -13 -13 -13 -12 -13 -23 6

THERM01LORD CYLI NDER 	QS_

•OU	 -	 :.i IO ClU ' r.	••a VU1.:U11J^':^	 1iCI;UJCf.^^CJ /o J;(10^i^1 Jw`^JiO ^JV

I	 I	 I	 I	 I



-13

13

-13

-13

-13

-13

-13

-13

-13

-13

-13

-13

-13

-13

-13

-13

-13

-13

-13

-13

-13

-13

-13

-13

-13

-13

-13 -13 -13 -13 -13

-13

-13

-13

-13

-13 -13 13

-13 -13 -13

-13

-13 -13 -13	 -13 -13 -13 -13 -13 -13 -13 -13 -13 -13 --13

13

-13

i^

-13

-13

13	 -13

-13	 -13

-13

-13

-13

-1?

-13 ---1 -3 -t--13

-13

-13

-13

-13

-13

-13

-13

-13

-13

-13

-13

-13

-13 1 -13

-13

-13

-_3

-13

-13

-13

-13

13

-+
-13

-13	 -13

-4-^
-13	 -13

-13	 I

-13 -13 _ 1t13 13

-13

13

-13

- 13

-13

-13 -l3 -13 -13

-13

2

-13

_12

I	 -13	 -13

_1P	 -12

-13

-12

-12

-12

-12

-12

-12

-12

-12

-12

-12

-12

-12

I	 -12

-12

-12

-12

I	 -12

-1-e

i	 -12

-11 T3 -

1-10

9 -9

-

-9	 -9 -9 -9 -9 -9

-

-9 -3

-4 -4 I	 -2

-3

8

-3

8

-3	 -3

8	 8

-3

8

-3

9

t33

3

8

-4

8

33

-4

8

33

-y

g

33

-4

8

33

►i

33

7

33

--

:0

34

33 33 33	 33 33 33 1

j

i

J

J

J

J

J

SPEC	 aTHERMOHA0AD0F CYLINDER
^__—mss

I
to mot' l7

1/l/1 .
DISPLRY=	 Sy	 /1000 , NODE=	 SURFACE=	 0



DISPLAY=	
Sy /1000 NODE-- y .	 SURFACE= 1

- -32--

.3	 -13 -13	 -13 -13	 -13 -13	 -13	 -13	 -13
-14	 -12	 I	 -3

-

-

-13	 -13 -13	 -13 -13	 -13 -13	 -13	 -13	 -13
-l4	 -12	 -3 -32

-13	 -13 -13	 -13 -13	 -13 -13	 -13	 -13	 -13
-14	 -12	 -3 -32

-i3	 -13 -13	 -13 -13	 -13 -13	 -13	 -13	 -13
-14	 -12	 -3 -32

-13	 -13 -13	 -13

--

-13	 -l3
^	 -13	 -13-l3	 13 -14	 -13	 -3 -32

-13	 -13 -13 1	 -13 -13	 -13 -13	 -13	 13	 -13 I	 -14	 -13	 I	 -3
-32

	

-12	 -12	 -13	 -13	 I 
-13	 -13	 I -13	 -13	 I 

-13	 -13	 -14	 -12	
1	 -3	 -32

	

--	

-12	 -12	 -12	 -12	
-13	 -12	 -3	 -31

	

-12	 -t2

	

-12	 I -12	 -12	 -12	 _	 -

	

-12	 -12	 -12	 -12	
-12	 -12	 -12	 -12	

-12	 -12	 -13	 -12	
-3 -31

	

-12	 -12	 -12	 -l2	
-12	 -12	 -12	 -12	

I -12	 i -11	 -12	 -11	 -3	 -29

	

-11	 -11	 -11	 -11	
-I1	 -I1	 -11

	

-11	 -11	 -10	 -I1

	

-9	

-10	 -2	 -26

	

-9	 -9	 -9	 -9	 -9	 -9

	

-3	 -9	 -B	 -B	 -8	 -2	 -17

	

-- 	 -y	 -3	 _5	 -2	 -1

	

-4	 -4	 -4	 -4	 -4	 -4	
_

	

--	 -	 -----	 --	

8	
7	

9	 5	 _ 1	 30
	8 	 6	 9	 6	 tl	 9

	

8	 g	 -

	33	 33	 33	 33	 33	 33	 33^ 33	 33	
33	 35	 31	 11	 75

SPEC	 B TTQ M HAL F RF CYLINDER
^HEKMOLORD

r	 Cl;t^:: ;,^C, /o J1/10^A1 04,60.5 vJV

	

_	 ^^^L^'J•. C.	 ^;.. 't.	 ^ (^ U^.. .aJ„'i n^	 1.

i

	

	 I	 I	 1I



I

^	 I	 I

/ BLk
12 or- l -?

1/1/1
D ► SPLRY=	 SY
	

/1000 . NODE--	 4. SURFACE=	 2

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -12 -13 -23 6

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -12 -13 -23 6

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -12 -13 -23 6

-13 -13 -13 -13 -13 (	 -13 -13 -13 -13 -13 -12 -13 -23 6

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -12 -13 -23 6

-13 -13 -13 -13 -13 -12 -13 -23 6-13 -13 -13 -13 -13

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -12 -13 -23 6	 1

-13
^

-13 -13 -13 -13 -13 I	 -13
I

-13 -13 -13 -12 -13 -22 6

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -12 -13 -22

i	 I
i	 6

i	 - 12 -12 - 12 -12 -i2 -12 -12 -12 -12 -12 -ll -12 -21 I	 6	 I

-11 -li -11 -11 -I1 -I1 -11 -11 -11 -11 -I1 -1] -13 5

-5 -15 3

-3 -3 -3 -3 -3 -3 -3 -3 3 -4 -4 -3 -6 -3

^ei
B 8 8 8 8 6 6 8 9	 7 10 16 -'

34

L
34 34 34 34 34

--

34 34 34

-

34	 32

-

36 55 -7

—

SPE C
 c	

B`QHERMONALF RF CYLINDER 	
SCALD

r

I



SPEC
2.1

RING

u0i

L

. CI V

I OLK

_3 of 1

1/1/1 /1



,Q L-

)4 of l7

xfri

l

-r	 RING
1

r_•.-•n



'EC
-1

oiC

I f^ L) C

S v/r 7

1/1/1

• \ C N



SPEC
7.1

ALL

t

gI- r-
16 	 i= /7

1/1/1

C	 '
•ou Nr'vo	 cs, C, eiiVl^r piUJPi ;IJS ^Jprq !:r .

I	 I
I



^, . - : v

181 K

l/'- i

SPEC
	 35

2.1



V9
1469
470

471

4-/2

473

4;4

47S

476

477

478

479

460

81

82

83

84

B6

56

G7

BB

90

92	 s l`
53	

74,

p	
^_ y

kA
n,

si

s li p 	TI U	 11LIq	 wsli

-
1ja

F, U nc"

t_

16,f:

r 111

P. c R

n9

L,89

-4 19 j
c
jo 381

1

3 ;,G

a , c

c

I

2a- ' 'i_ 25 ifL

p LI 19 4 1,c

II
1 J n3 4 t,9c^

-

10 4
•)	

; ')g 1121 4 rP JL

c , -2 ,

111

-

i
1414 16

2 n.
L_ 39 RLI

52 83 1 11	
I

+b p` 38— " ice— c	 1{

- 0- 1-4 3P t	 c 4-c	
4

I

Lam_ 33^ 4

ii r

H 1:, -7 9 4634

116 	 4q 7 c 7 r
era _

nl	
-- ^	 -- ^.0-- ^' 	 .cam_ NN

V

SHELL AND RING	 .... HLL..SPEC
1.1

G^

p •^

J•



11AIS
.^4 J

to
G Ji

ts-

chl	_.c

eh	b_1	l.J_

s^f	..t
—^tcc	L,

—

c.	t^.t,t^

GrT,-

Ih	^.Gb4C.
G!1 l.

Ih

,t

I

-?IF

I

Z
g^—Tn

a-77,VT-

G7Z,TTY.H—ZE
—F

aE^f.)
I

-

I
-•-G.	c:^^.3. IIII

'

1c ^^

1nr,

JJI 1.G
 tJ

th.,	,1^m
7tlt.^Gt:G 1h_-I

t

W.--

I'f-

A -11 J
F

M	C

1'

c

s

8

9

9

fir

EI

ZF

lE

os

6L

aL

LL

9L

SLI

fiLI

ELI

ELI

iLl

OL►
6 X31

1..n



vo	 -	 qu	 nr_	 ,.	 ..

TOP HALF OF CYLINDER
y • 1	 THERMO LOADS -s7q.-LE-

_ '– aa.ti_

—1I7 -	 7 (

34 Es -96
1 
P72 i S6 18!1

I

12 0 P5 CIE H

S

1 c; 191 22 CO ^_

i

RR ^3 Ila IRI

-

192 PP3	 _

-

pv q PRE-- '

63 iQQ__
I

131 IEP— 192 ., 2 4
I
P

1

{^- 1101 3p IE3 — c ' 318 o
I,
1

F,	 119
I

f•"

I

, , -

^y^ I II I

Li Is

i —

I

I

1 3R o c
—

I I

Ibb

167

166

169

170

171

172

1 )9

174

175

176

177

176

179

160

181

I

^y

`Q (,,J

o M
^, r

f^



S^ iC 	 130HERMOHRLF OF CYLINDER

^O

Q

C

C^

3

9

0

1

f2

99

!)4

95

96

^E'-

1-0

n



ry

J ^^
^ 0

E1

6

w



SPEC	 TOP HALF UFF CYL I NUEI'.
4.1	 THERM0 1BADS QSCA`

I/]/1
DISPLAY=	 SY	 /1000	 NODE= y . SURFACE=	 0

a o
yy• ^y

^' a

Y

Ll

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -13

-13 -13 -13 -13 13 -13 -13 -13 -13 -13 -13 -13 -13 -13

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -13

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -13

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -13

-13 -13 -13 I	 -13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -13

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -13

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -12 -13 -13 -13

-13 -13 -13 I	 -13 -13 -13 -13 -13 -13 -13 -`3 -13 -13 -13

-13 -13 -12 -12 -12 -12 -12 -12 -12 -12 -12 -12 -13 -12

-12 -12 -12 -12 -12 -12 -12 -12 -12 -12 -12 -12 -12 -12

-11 -ll -ll -ll -Il -11 -11 -11 -ll -11 -!1 -Il -11 -10

L

e 3 e e	 l e e o a e e e e to

U., bl

p OD



DISPLAY=	 SX	 /1000 . NODE::	 y . SURFACE=	 1

	 1/1/1
	

h

0 0 0 0 0 0 0 0 -] 0 0 -8 1 64

0 0 C -t 1 -1 -1 -1 -1 -1 0 -10 -4 83

-1 -1 ] -1 1 - 1 - 1 - 1 - 1 - 1 0 - 10 -5 97

- 1 - 1 -1 ] -1 1 -1 -I -1 -1 0 -9 -6 88

-1 1 1 -] -1 -1 -1 t -1 0 1 -B -4 69

- i - 1 1 l - 1 1 - 1 0 - 1 0 1 - 7 -4 83

D 0 D 0 0 0 0 0 0 0 1 -7 - 4 I	 89

0 0 0 0 0 0 0 0 0 0 1 - 7 - 4 89

0 0 0 0 0 0 U 0

0

0

0

1

0

1

1

-7

-7

4

-4

89

890 0 0 0 0 0 0

U 0 0 0 0 0 0 0 0 0 1 -7 -4 8^

0 0 U 0 0

U

U

U

0 0 0 0 1 -7 -4 89

U U U 0 0 0 0 0 1 - 7 -4 89

0 0 U 0 U -D U 0 0 0 1 -7 -4 81

0 11 o u 0 0	 I D
_0 --0

-J V4

0 CD

w

SPEC	 BGTTCf-1 NA! F OF CYL I NDER-



SPEC	 BOTTOM HRLF EF CYLINDER
5.1	 THERMO LOAn

0 f?e

l L
N ^

D I SPLAY= SX /1000	 NODE= 4 . ^^1HF HCE -	 :
i	 1 i

0

D

^0

0

0

1

0

1

0

1

0

1

U

1

U

1

0

1

1

2

0

1

-1

-2

R

16

45

43

1 1 1 1 t i t 1 1 2 1 -4 20 45

1 ] i 1 l 1 1 1 1 2 0 - 5 20 43

t 1 l 1 1 1 1 1 1 1 0 -6 20 43

1 ] 1 1 t 1 t 0 0 1 -1 -6 20 43

0 0 0 0 0 0 0 0 0 1 -1 -6 20 43

0 0 0 0 0 0 0 0 0 1 -1 -6 20 43

0 0 0 0 0 0 0 0 0 1 -] -6 20 43

0 0 0 0 0 0 0 0 0 1 -1 -6 20 43

0 0 0 0 0 0 0 0 0 1 1 -6 20 43

0 0 0 0 0 0 0 0 0 1 1 -6 20 43

0 U 0 0 0 0 0 0 0 1 - 1 - 6 20 43

0 0 0 0 0 0 0 0 0 1 1 - 6 20 43

0 0 0 0 0 0 0 0 0 1 1 -6 20 43

Y-

NN^
'A



T
^

rrrY+++

1

's
s
,. Q

^
	

j

z
 ^

L
 K

-

C)  Q
 0

: =
 r

O
R

IG
IN

A
L

 P
A

G
E

 IS
O

F
 P

O
O

R
 Q

U
A

L
IT

Y

L



DISPLAY-	 SY	 /1000	 NODE=	 14. SURFACE-

err

1/1/1
0

33 33 33 33 33 33 33 33 33 33 33 33 34 35

51 51 61 61 61 61 61 61 61 61 61 61 62 61

51 51 51 51 51 51 51 51 6t	 I 61 51 61 61 61

61 61 61 61 61 61 61 61 61 ^61 61 61 61 61

61 61 51 61 6l 61 61 61 61 61 61 61 61 51

61 51 61 51 61 51 6l 51 6l 61

61

51

61

61

61

61

61

61

6161 51 51 61 61 61 61 61 6l

61 61 51 61 61 61 51 61 61 61 61 61 61 51

6l 61 61 51 61 61 61 51 61 61 61 61 6l 61

61 61 61 61 61 51 61 61 61 61 61 61 61 61

6l 61 51 61 61 61 61 61 61 61 61 61 61 61

61 61 6t 61 6t 61 6t 51 61 61 61 61 6t 61

61 61 6l 61 hl F,1 6l 61 61 61 61 61 61 61

51 5i 51 51 51 51 Fit 51 51 51 61 51 61 51

6l 61 61 6l 6l 61 61 61 6t 61 61 61 61 61 n r
N

SPEC	 B6  TUM HHIJ	 I:YL I NULN
5^-1	 THERMO L OgLl SCRLE



33 33 33 33 33 33 33 33 33 33 36 31 12 78

61 61 51 61 61 61 6t 61 61 61 64 49 18 114

51 51 51 51 St 51 St 61 61 51 64 49 13 123

6l 61 61 61 51 6t 6t 61 6l 61 64 43 11 127

61 61 61 61 61 61 61 61 61 61 56 60 11 128

51 51 61 61 61 61 61 61 61 61 63 60 12 12B

61 61 61 61 61 51 6t 61 6t 6I 66 60 12 127

61 61 61 61 61 6l 61 61 61 61 66 6o 12 127

6I 61 61 61 61 61 61 61 61 61 66 60 12 127

61 61 61 61 6l 61 61 61 61 61 66 60 12 127

61 61 61 51 61 61 61 61 61 61 55 60 12 127

61 61 61 61 St 61 St of 6t 61 6S 60 12 127

61 51 61 61 61 61 61 61 6t 61 66 6o 12 127

51 51 61 51 61 61

61—

61

-- 61 - -

51 Sl S1 66 60 12 12"7

6l 61 —61 — 61 6l - 61 — — 61 — 61 66 60 12 127

b

f^

SPEC	 BOTTOM. Hg LF OF CYL I NDEN
THFR"!n i '-)A^l i SCALF-^

...V

D I SPLAY-	 SY	 /1000	 NUDE=	 4, SURFACE-	 1
	 1/1/1

ti



S L_
SPEC	 BOT TUM HR-F OF CY[- I N[JER
5.1	 THERMO L.OWIS

33

61

33

61

33

61

33

61

33 34 34 34 Ti 34 31 35 66 -8

61 61 61 61 62 62 49 63 86 -11

62 52 52 62 62 52 62 52 62 52 48 53 90 -22

62 62 62 62 62 62 62 62 62 62 48 63 91 -25

62 62 62 52 62 62 62 61 62 62 118 53 91 -26

62 62 62 61 61 61 61 61 62 62 48 63 91 -26

6l 61 61 61 61 61 61 61 62 62 48 63 91 -26

61 61 61 6l 61 61 61 E1 62 62 48 63 91 -24

6l 61 61 61 61 61 61 61 62 62 48 63 91 -26

61 61 61 61 61 61 61 61 62 62 48 63 91 -26

5t 61 6! 61 61 61 61 61 62 62 48 63 91 -25

6l 61 61 61 61 61 61 6l 62 62 48 63 91 -26

61 F1 6t 61 61 61 61 61 62 62 48 63 91 -26

51 51 6l 51 61 51 61 61 62 62 4m 53 ^l -25

6l 61 6t 61 61 61 61 61 62 62 48 63 91 -26

N

0 r
7

S

N

l-.
1/1/1

2DISPLAY-	 SY	 /1000	 NODE=	 4. SURFACE-



io	JJdS

fi

--J	O

^.0

M

f

__j



l 

9N I H	D14S

rt) -i

-.1



0 0 0 0 0 U 0

0

0

0

0

0

0

0

0

0

2

2

-6

-6

-11

110 0 0 U 0 0

0 0 0 0 0 0 0 0 0 0 0 2

0 0 0 0 0 0 0 0 0 0 0 2 -6 -11
i

0 0 0 0 0 0 0 0 0 0 0 2 -6 -11

0 0 U 0 0 0 0 0 0 U 0 2 -6 -ll

0 0 0 0 0 0 0 0 0 U 0 2

0 0 0 0 0 0 0 0 0 0 0 2 -6 -11

-1 -1 0 0 0 0 0 0 0 0 0 2 -5 -10

-1 -1 -i -1 1 -1 -1 1

1

0 -1 0 1 -6 -10

-1 -1 -1 -1 -I -1 -1 -1 -1 -1 1 -6 -9

-1 -1 -1 1 -1 -1 1 -7 -1 -1 -1 0 -6 -7

-I -I -1 -1 l -1 -I -1 -1 - 1 -2 0 -6 -2

0 0 0 0 0 1 -^ t -t 1 -2 -1 -4 6

0 0 0 0 0 0 0 0 0 0 -1 -t 0 24

SPEC	 TOP HALF OF CYLINDER
4.1	 THERMO LOADS SCRLE

n

'J r'

1/1/1•
DISPLAY-	 SX	 /1000 . NODE=	 14 . - SURFHCE=	 2



-13 -13 -13 -13 13 -13 -13 -13 13 -13 -14 -12 -3 32

-13 -13 -13 l3 13 -13 -13 -13 -13 -13 -14 -12 -3 -32

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -14 -t2 -3 -32

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -14 -12 -3 -32

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -14 -12 -3 -32

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -14 -l3 -3 -32

-13 -13 -13 -13 -13 -13 -13 -t3 -13 -13 -14 -13 -3 -32

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -14 -12 -3 -32

-12 -12 -12 -12 -12 -12 -12 -:3 -12 -12 -14 -l? -3 -32

-12 -12 -12 -12 -12 -12 -12 -12 -12 -12 -13 -12 -3 -31

-12 -12 -12 -12 -12 -12 -12 -12 -12 -t2 -12 -11 -3 -23

-11 1l -ll -11 -lt -ll -ll -ll It -IO ll -l0 -2 -26

-9 -9 -9 -9 -8 -8 -9 8 -8 -R -8 -8 2 ^B

8 R
=RR

R R R R B 9 6 0 30

\ W

^ r

N ^
SPEC	 TOP HHLF JF 11'Y!_-
'4.1	 i HERMO I. DADS y	 Q_ SCPLT__23

DISPLAY-	 SY	 11000	 NODE-	 4. SURFACE-	 l
	 1/1/1



1/1/i
DISPLAY=	 SX	 /1000 , NODE=	 tI; SURFHCE=	 1

0

0

0

u

0

U

0

u

0

0

D

u

0

0

0	 0

u	 C

0

0

o	 I	 2	 1

0	 2

-z2

22

D U n 0 0 0 0 0 0 0 0 2 1 -22

0 D D 0 0 D D 0 7 0 0 2 1 -22

0 0 0 D 0 0

0

0 0 0 0 0 t -22

0 0 0 0 0 0 0 0 0 0 2 1 -22

0 0 0 0 0 0 0 0 0 0 0 2 I -22

0 0 0 0 0 0 0 0 0 0 0 2 1 -22

l 0 0 0 0 0 0 0 0 0 0 2 1 -22

l 1 1 1 1 1 1 1 1 0 0 2 1 -21

l 1 1 I 1 1 1

1

1 1 1 0 2 2 -20

1 I 1 I 1 1 1 I 1 1 2 3 -18

t 1 1 1 1 1 1 l 1 2 1 6 -13

0 0 0 0 0 0 1 1 1 1 2 -2 8 0

DL -- 0
I	 ---

0t- - I 0 0 0 1 0 0L 1 1 -6 7 21

f
n

V

OD
r

SPEC	 TOP HHLF r1 F r;Yl_ I BIDER
4.1	 THERMO Lr4j,-,,



DISPLAY-	 SX	 /IOUO . NUDE= -q . SURFACE-	 0
	 l-

v r

0 0 0	 0 0 0 0 0 0 0 0 -5 4 64

0 0 0 0 0 0 0 0 0 1 0 -6 6 66

0 0 0 0 0 0 D 0 0 1 0 -7 8 66

0 0 0 0 0 0 0 0 0 1 0 - 7 B 66

0 0 0 0 0 0 0 0 0 1 0 -7 8 66

0 0 0 0
I

0 0 0 1 0 -7 8 66

0 0 0 0

1^-

G	 0 0 0 0 1 0 -7 8 66

0 0 0 0 0 0 0 0 0 1 0 -7 8 66

0 0 0 0 0 0 0 0 0 1 C -7 8 65

0 0 0 0 0 0 (' 0 0 1 0 -7 8 66

0 0 0 0 0 0 0 0 0 1 0 -7 8 66

0 0 0 0 0 0 0 0
i

0 t G -7 8 66

0 0 0 D 0 0 0 D 0 1 0 -7 8 66

0 D 0 0 0 D 0 0 0 1 C -7 11 66

0 0 0 0 0 0 0 0 0 1 I	 C — -7 8 66

--ten

SPEC	 BOTTOi1 HALF OF CYLINDER
5.1 	 THERMO LOADS

u _CRL, _2-^



DISPLAY-	 SX	 /I000 . NODE- -9 . 'oUNFHCL-	 I

0 0 0 0 0 0 0 0 -1 0 0 8	 1 64

G 0 0 -1 -1 1 -1 -1 -1 -1 0 -10 -4 83

-1 -1 -1 -1 -1 1 -1 -1 1 -1 0 -10 -S 87
i

-1 1	 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 -9 -6 88

-1 -1 1 -1 1 -1 -1 -1 -1 0 1 -8 -4 89

-1 0 -1 0 1 -7 -4 8l

0 0 0 0 0 0 0 0 0 U 1 -7 -4 89

0 0 D 0 0 0 0 0 0 0 1 -7 -4 B9

0 0 0 0 0 0 0 0 0 1 1 -7 -4 89

G 0 0 0 0 0 0 0 0 0 1 -7 -4 89

0 0 0 0 0 0 0 0 0 0 1 -7 -4 89

0 G 0 0 0 0 0 0 0 0 I -7 -4 99

0 0 0 0 0 0 0 0 0 0 1 -7 -4 89

(i 0 0 0 0 0 0 0 0 0 1 -7 -4 89

0 0 0 0 0 0 0 0 0 0 t -7 -4 89

SPEC	 BOTTOM HALF OF CYLINDER
5.1	 THERMO LOADS

r-+

..

V^

SERLE

s

=J

f^



I/I/I

SPEC	 TOP HALF OF CYLINDERNDER
4.1	 THERMO LOADS

DISPLAY-	 SX	 / 1000 . NUDE-	 1 3 .	 UNF HCL-	 0
_^

l

i,

,^ r



DISPLAY-	 SY	 /1000	 NUDE=	 1 4 	SURFACE=	 2

SCRLE

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -12 -13 -23

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -12 -13	 I -23 6

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -12 -13 -23 6

-13 -13 -13 -13 -13 --13 -13 -13 -13 -13 -12 -13 -23 6

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -12 -13 -23 6

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -12 -13 -23 6

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -12 -13 -23 6

-13 -13 -13 -13 -13 -13 -13 -13 -13 -13 -12 -13 -23 6

-13 -13 -13 -13 -13 -13 -13 -l3 -13 -13 -12 -13 -22 6

-13 -13 -13 -!3 -13 -13 -13 -13 -13 -13 -12 -13 -22 6

-12 12 -12 -12 -12 -12 -12 -12 -12 -12 -11 -12 -21 6

-I^ -Il -11 -ll -ll -tl -11 -I1 -11 -11 -11 -il -19 6

-4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 3 -6 -2

le
R B 8 8 B B B 8 R 7 9 16 -9

00
g

N

v^

=r ^

h

W

SPEC	 TOP HALF OF CYLINDER
4.1	 THERMO LOADS

O r̂

1



ECK"

SHELL AND PING	 .... ALL ....

01?,GIUVAL PAGV, IS

PUUAI? QUALITY

1	
44

B—

—^?
22 2 	 11

23

q a_

2-Ei

? 9 4

2B c;

1 S

31 F;

34

a*-47

977

a

409	 ;q3 cl	A

10 0 13 1 162
1.2 I—izz

^ r aqH a1 7 2 41

-7n _to! 132 1 62 P97 318 3 q 9 iaL— 4

71 102 133 164

P^--

226 2 51- 319 au— 381
T aa^

22- 103 134 1 F3S	 I19L 227
2S8 pH9 320 -t5 1 U P 413 1444	 Iq

42 2a-- ia4 13S 16 6 .^,PF3 PS9 293 3?1 --15 P 383 ±u Li L; L;

Aa-- 74 Z2 9 2-6 Q P? 3 S 3 384 i s ip	 15

q q :za 106 37
I
a2^

1323 354

F- 139 16 9 20D ?31 ^^Rp ?-93 R E 4 i 7 U49
1101

a— t 70 201 212 263 Z5^L 3 2 S NSF 4 19	 1449

7 IQ9 - IA(Q— 1 7 1 p c ,- ?ZQ 7 ^: 9-,--,326 357 3U Ilill?

48 79 1 in 141 172 Zc, -9	 - 23q SE 3 S P— 3-a—cl +-I

49 S n 173 PrN —p3s 66 "1

so 1	 12 .1 Li 1 -74 p ri-, 2 3 ro ZF2-, — .329.329

f^
it

113 lq4 1^5 aM 231 7

Z a 1 1 14 1 Ll 5 J7F_a01__ 239 ZE -2---D _an A E

F;3 Bj_— jjc; I q E3 -L73— 2Da 2-3 9 P 70 J U 1

1

4 ,F

54 85 116 ELI a-- zo^j -10 Z-71-20a--4333 3.5.3

— 86 117 iAH 179 ?in ?-LU— Z7 2- 203 3 4

118 149 Ila—

al-

d

- 21Z—

242

2 —q3.-.--27

2-73

4 31)

307-

6

13

L	

4 f:
A9 20— ",,a_

ig

2A ^L

D

?c

I!

72

73

74

75

7F;

7"

78

H-

i'di

i9

13 0

I Eil

4W8

4 8 9

499

4131.

492

493

'I Ala



E!

E

rc

^^dss	^•z
^	^N I b	sods



SPEC
3.1

Ij ^,	 "1;i

;^.	 ia^	 ,pia 	 ,	
^	

-^
f	 J4	 •u

li	 14'

;39	 T
I

! 

S	 ^.^.	
nom'	 •,r	

z

i
i42

	 ^	 'r	 r 7	 4

o	 ,	 $	 4
c;	 ii3a

I-aF;	 1 37	 lift— l9^_	 '	 "	 4

6	 Z 2	

'	

2 	

4

LU	 201

J Q—

o	 4

14-7	 78	 Z33	 2L 4	 235	 326	 419 4

I fl3	 k

g

y

I
r	 9	 5

82	 iij	 144	 .17 5	 QFG'9 330 	 q5q

P 

332	 3E3	 394

_116	 1 14778 209 	 2-11	 202	 333	 3F;q
	 39c;	 4PF;	 14

3q	 3m;	 agsas	 117	 I ga	 I 7a-	 '1Q-	 2 q 1	 '72

g	 f1 —1

q	 o	 0

SHED

1	 ;,
2	 ti

7

iz

15

(6

!7

70

79

80

91

92

83

84

85

86

87

88

189	 Gl

190	
(^

k92

3
KRL



5	 1 11 rl	 18	 2 1!1	 Z3_.	 q n4 	 4 IS	 466

S P EC	 TOP	 F OF	 f NDE.R	 .

V-

ti
SZ_	 -- _ 1.^ del 12_ ^Z`L fi 43F;	 i

34 AS
-- - `l

3.S 66 97 1 og_ o
I

n
^

13F;
, P22

IA - /	 iFim

I
99	 !! 2 X03— P!-

a r Y

I
Q

I

q L

i
42

I
I

73

-

toll

—

I 3S ti

U__^

5

I

U5

I

^gg Is 106 137 fl I19 9 30__--'fi 51
I

P7 L3fl 1" f;g IPO 293 324 'ASS 448

139. 7_

7:

'101

C`Z	 _

 _ 6

LY7 L3 1164 1296^_ 13?6_._135 "1__ 9fl_—^I9 __Ln__L J1

171

172

173

174

175

176

177

178

179

180

181

467

468

469

470



,f	59h

—^

--£0

—

-	Z/

— TZ .

—	T^E^

WI

Ot--^Lh

c

—

 s

9ATF__S5ThZTU6Z9^

I
—TOE0L— cc.,_-8EST

05 filI PiGOT16SUBEEL060—

_S L76U 16

oTd _r

L66GTie0g5

— ZL FO

s6Lfi9vEL

G-C

U, 6 2B

S 11 c

L

fiL

CTT

-

68

i	I

^

,

i

I

ti71FccL-

I

1

I
,

rr
Vc-

--- -	-	­	a.	.L.	1	bui	t%L	LTt

s6

.. 6

h6

E6

Z6

^16

Q i--1

t_J06

b

r

ee

L8!

981

S81

fi8l

c_8f

Z8}

i8f



T\

51 515 51 51 51 51 51 51^
52	 51	 1	 I	 _
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TSN 5.3. 0-1

THERMAL BUCKLING OF ISOTPOPIC CIRCIII.AR CYLINDRICAL

SHELLS; FATHER FI)GE' CI.ARIPED OP, SIMPLY SUPPORTED

NOTATION

A	 = Area of cross section taken normal to the ri>:is of revolutior., in2•

E	 = Young's modulus, psi.

I , I z 	= Area moments of inertia taken about the y and z axes, respectively,
y	 in4.

L	 = Overall length of the cylinder, in.

NI X 	= Running bending moment about middle surf:,ce of shell wall

(see Figure 21, 
in-]b

in

1`l y , bi z 	= Overall bending rnomcntr- about the y and z axes, respectively

(see Figure 2), in-Ib.

y )A , (iI 7 )A 	= Artificial values for :. ,y and LI Z , respectively [see

in-lb.

A,
) A', ^1I z )

A
	= A rtificial values for ", i v and `4 z , respectively [see Equation.; (9) ],

in

P	 = Axial force (see Figure 1), lb.

PA	 = Artificial value for P [see Equations (G)], ]p,

PB	 = Artificial value for P [see Equations (9)], lb,

R	 = Radius of cylinder middle surface, in.
s

T	 = Temperature change from that of an initial unstressed st, is :r

reference temperature (positive for a temperature rise • ), *F.

t	 = T hicknecs of shell wall, in.

w	 = Radi:L1 deflection of shell well, in.

X, Y . z	 = RecUb-igular Cartesian coordinates (see Figure 1), in.
in

a	 - Coefficient of linear thermal c , ap:Iasi011, -- --- .	 ~

OP AL^Ok @U GE Z3
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NnTATi n N, .

y	 = Knock-down factor (see Figure 3), dimensionless.

Poisson's ratio, dimenotonless.

a 	 = Artificial nxinl stress defined by Equation (S), psi.

^ C	' ^^ 	
= Axial stresses due to the artificial bending moments (J"1 y )

B
 and

J,i y) 13	 l 13 ^AlZ)B, respectively, psi.

(oF^)	 = Axial stress due to the artificial force P B , psi.
1	 IB

Cr x 	= Axial stress, psi.

(CX)J-Ia.X	
= Peak value for ox , psi.

or
x , cr	

= Critical axial stress for b icUng of the cylinder, psi.

p	 = Angular coordinate (see Figure 1), radians.

Note: All stresses are positive in tension.

0

I i	 ^

l

1
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CONMGURATTON

The design curves and equations ;.:c.'id, d here apply only to thin-Walled, right circular

cylinders which satisfy the relationship

•	
L/R 

2	 3.2	
(1)

\tl
C

.and are made of isotropic material. It is assumed tha! the shell wall iz free of holes,
r

obeys Hooke's law, and that it is of constant thictmess. Figure 1 depicts the isotropic
r

cylind •• ical shell configuration. Figure 2 sho-xs the sign convention for forces, moments,
A

and pressures.

BOUNDARY ^nNr,)lTTO''S

The following types of boundary conditions are covered:

a. Simply supported edge; that is,

w=Ri x =0 atx=0 and/or x L	 (2)

b. Clamped edge; that is,

aw
w ax -) at x = 0 and/or x = L	 (3)

It is not required that the conditions at the two ends be the same. In every case, it is

assumed that t!Le cylinder (including any end rings) is not Subjc cetrd t.o external axial

consteaii,'_- at .,ny loc ition around the 'boundaries at x = 0 and x = L.

TF7, ,̀P17RAT1;RE	 rT' I C) 1,7

The supposition is rr.ade that no ti,ermai gradients exist througl: the Hull thicla:e_-s and

in the axial direction. However, arbitrary circuirferc1itla1 t, ari :lions mLy be present.

The permissible dictributions can therefore be expressed in the form .

T = T (6)	 (4)

r.^/{`A^l+VYr..-.q•^w-wry,h7r.-.. ,..^y..^..^.Y^'. /ow1 1!"yR^	 ,^»
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I	 )ioop memhrane compression may develop in regions adjacent to the two ends due to

extehnnl radial constraint. Howeve r ., the buckling mode associated with this condition

is not considered. Because of th i s and the lack of external axiA constraints, Uhe

special case of a uniform temperature is of no interest here.

DFSIGN Ci1R%'FS AND EQUATIONS

It is assumed that Yowig's modulus and Poisson's ratio are unaffected by temperature

changes. Itence, in using the contents of this TSN, the user must select effective

values for each of these properties by applying engineering; judgement. It ^^ill some-

times be desirable to employ different effective moduli in each of the follo;eing opera-

tions:

a. Computation of the stresses ^x ares^nt in the cylinder.

b. Computation of the critical buckling stress (ox)
cr•

On the other hand, the r e sults are presented in a form which enables the user to ful:y

g	 account for ten;perature-dependence of the theh-nnl-expansion coefficient et .

The aprropriatc formulaticn for ax can be obtained by first inhp^sinc; a fictitic.rs stress

distribution QA around the boundaries	 indaries at x=0 and x= L such that all a^al ihci7-nal

deformations are entirely suppressed. It follows Lhat

a  = -O(ET(^5)
	

(S)

These stresses, may be integrated around the circ;imfercnce and through the «a;l

thfcImess to arrive at the force

	

2n	 4't?
P = - EM 

f 
CtT(^5) d4	 (E)

and the momenta

2v

(Ai y ) A - -Ell 2t 
f 

crT(©)ofn .^dO
	 (7)

.	 o

^^'►I/`,ti1^.. 1^ ♦ -.	w.lrrY-A^Mr	 ♦yT^A'^I'^^	 ♦ 	 ^w ♦.

1

_	

1
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O
2n

•	 (Mt )A = -r11 2t f	 UT(0)cosm dO (7) I
o (Cuntd)

'
Since it is assumed that the sh ll is free of external axial constraints,	 the conditions

I

i

P= I.1 y = RS Z = O (8)

must be satisfied at x=0 and x=L. 	 To restore the shell to such a Atate, it is necessary

to superiiiipose a force PII equal and opposite to P A as well as moments ^.1 },) II 	and
ii

(' I z ) B	 which are equal and opposite to(Itii },)A and	 (hS Z ) A ,	 respectively.	 Iiencu, ^)

I
P 
	 = -PA

I

(1'11 y ) B = -(F1'Y) A (9)

The st ye.->s corresponding to P II is easity found to 1,u

i
P	 P	 2r,

(

_	 B	 II	 E	 (^)a
P) B 	2-1 1a	 2 117 f

	 cc 	 d^• A
(10 )

o
,I

The stresses due to (L1y1)
II are

i

(	 1 2ff
/I3 

z	 (I,i^.) II z1^1Y

I

E sir d

(
Q—	 =	 t	 =	 _ -- f

MY 	 IT
aT(0) cin 0d;5	 (11)

B	 -Y 	 17 r. o

And those due to 'hi flr^z 1Z ► 	 ►

((	 1
13	

((
1^1Z)	 Y	 1Z^Il }	 E cos 

0'21

II

I
(

a	 _	 _	 =
Mz)B	 Iz

f7R3t	 o

aT(^5) cos OJO	 (12)

The procedure being used constitutes an application of Saint-Venant'O principle.	 r

Renee, the strennen from Equations	 (10) through (12) will be accurate representations

only at sufficient dictancee from the ends x=0 and r,= L.	 If end rinks me prevent,

1 I^^.^H,...^.^..ti72.T--..^,.'^'T""N.^,,e-^?'.T"}f.^..^'^T^...+..^"'spy+.!R.^!T^`^^'..,wrw^p-).^.wi, ►.^!^•v-^..s....r+^......--^1••-nr'rr-.---+.?.- J-.•w mow+.+"^." i +
+
I

I
I
I	 i
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the greater their resistance to out-cf-plane bending, the shorter will he this distance.
1

Subject to these conditions, the actual longitudinal thermal stresses at various points

in the shell cony he computed from the relationship

QX = QA + (
C'I)1B + (al- y )B

 + (C'I-Z)13
	 (13)

or

2n	 2n

Ox = -aET(2) + 
E

faT(^)dO + E sin 4 f UT(0)sin 4d0

0	 0

2n
E rose+ - n	 f aT(-.1)cosOd1	 (]4)

0

Complex distributions may he encountered which matte it difficult to pe: •fc,r:n t; e re-

quired integrations. In such instances, use can be made of numerical techniques

whereby the integral signs are replaced by summation symbols.

To investigate the stability of a particular shell, the m rimuin longit::.i;:al stress

	

1a .̀  Al ax
,	 must he compared against the critical value v.hich can be o^-tained frc,m the
^ 

formula

)	 Et	 (15)x cr	
RV 3(

For the design to be satisfactory, it is required Liat

(O'x )max < ("x)cr	 (I O)

The quanni , )' ahpearing above is a so-called 1mc-_k-do-,%-n factor which mainl y accounts

for the detrimeut_al effects from it!itial imperfections. Note that Equatio:i (15) is iden-

tical to that used for ruAformly compressed circular, cylindrical shells. Its applica-

tion to tic present problcm is juMifled on the basi© of small-deflectiui rAudies reported

in Ref: rencea I ar;d 2. From the rerultri rivei. in therie references, it crn be concluded

that, rei^ardlenn of the nature of the circumferential stress distribution, clarr,icril

	

OWG)NAL 
PAGE	 ^..
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theoretical instability is reached when the perik ar.1ril coinprensivo stress uatil+fiee

the expresgion

Et.
(ax

)Max ^ R'if 3(1 _ v2j
	

( 17)

In vic%v of this, the values used here for y were determined from the 99M probability

(confidence = 0.05) data for uniformly compressed cylinders as reported in Reference

3. The resulting y values are plotted in Figure 2 for 
It ratios of 0. 25, 1. 0, and 4. 0.

SUMMA?;Y OF EQUATIONS AN) CURVES

2a	 2n

Ox = - ^
C  

+E 
jr czT(0)d^ + 

E sin 0 
f orT(^jsin dY

IT

O	 O

2 1r

+ E cos 4 f' ^T(C^) cos;Jd:. 	 (1 g)
n 1

O

o j = y	 E t^
x	 (1 ^)i	 cr

R 3(1 - v2)

Mien t) = 0. 3 this ^I;ives

lCrxlcr _ 0. 606 y t	 (20)	 .

The knock.-down factor y is obtained from Figure 3.

1
^^ J

0,'

I

i
'I

li

^-^+.w^."^..,T,'!^^nTr'•`^-ff.-....^,^.^;'^^('+^T^'T+vfnw+ ►^r,^e.MM'tt`W"rTn.rT^.. .w.. ►^!^ivr-r.rni7'? ^^..^q w-,.--^. y,..-!^i.?^.^ .., ....-^.
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