General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



NASA TECHNICAL NASA TM X- 73957-3

TN T T A A B RPN Rl £ 53 Mot SR 37

MEMORANDUM
" oM
3 - (NAS2=-TM=-X=73957-3) LaRC DESIGN ANALYSIS HN76=33554
Y o SEPORT FOP NATIONAL THANSONIC FACILITY FOR Neh7.9S
Q 304 STRAINIESS STEEFL TUNNEL SHELL. VOLUME
3s: FINITE ELEMENT ANALYSIS GF PLENUHM Unclas
> REGION INCLUDING SIDE ACCESS REINFORCEHMENT, 63/39 07179
=
LaRC DESIZN ARALYSIS REPORT
[ -4 .
ot FOR
-
NATIONAL TRANSONIC FACILITY
FOR
304 STAINLESS STEEL TUNNEL SHELL
FINITE ELEMENT ANALYSTS OF PLENUM REGION INCLUDING SIDE ACCESS
REINFORCEMENT, SIDE ACCESS TCOR AND ANGLE OF ATTACK PENETRATION
VOL. 38 ’&
BY I
JAMES W. RAMSEY, JR., JOHI T, TAYLOR, JOod¥ F. WILECH, 1
CARL E. GRAY, JR., ANNE D. LEATFERIMAN, JAMES R. ROCYER,
AND JOHNUY W. ALLBED
This Informal documentation medium is used to provide accelerated or
special release of technical information to selected users. The contents
may not meet NASA formal editing and publication standards, may be re-
/ vised, or may be incorporated in another publication.

| NASA

National Aeronautics and
Space Admiristration

Langley Research Center
Hampton. Virgina 23665

b et ey e e e A e oo



1. Report No. 2. Government Accession No, ' 3. Recipient’s Cataldg No.
™M X~73957-3

4. Title and Subtitte LaRC Design Analysis Report for the National | 6. Report Date
Transonic Facility for a 304 Stainless Steel Tunnel Shell - | September 1976

Finite El is o 2 1 : ; o 4 e
Access Ee‘fﬁ?gt Analysis_of Plenum Regmn énxlu mgfsA%%ach 6. Performing Organization Cods

cemen ‘ 3 =
Penetrations Vor 35 > de Access Door an Angle | | |
2 Author(s) J, W, Ramsey,dr. . J. T. 'Tay‘ior, Jd. F. wll son, 8. Performing Ofg;-mizatian Report No.

C. E. Gray, Jdr., A. D. Leatherman, J. R. Rooker,

and J. W. Allred 10. Work Unit No.

9. Perfomnng Ofganization Name and Address

National Aeronautics and Space Administration
Langley Research Center
Hampton, Virginia 23665

.11. Contract or Grant No.

13, Type of Report and Period Covered

12. Spansoring Agency Name and Address - ' ' Technical Memorandum X
National Aeronautics and Space Administration :
Washington, DC 20546 14. Sponsaring Agency Cade

15. Supplementary Notes

Formal Documentation of Design Analyses to Obtain Code Approval of Fabricated
National Transonic Facility

16. Absact  This report contains the results of extensive computer (finite element, finite
difference and numerical integration), thermal, fatigue, and special analyses of
critical portions of a large pressurized, cryogenic wind tunnel (National Transenic
Facility). The computer models, loading and boundary conditions are described. Graphic
capability was used to display model geometry, section properties, and stress results.
A stress criteria is presented for evaluation of the results of the analyses. Thermal
analyses were performad for major critical and typical areas. Fatigue analyses of the
entire tunnel circuit is presented. .

The major computer codes utilized are: SPAR - developed by Engineering Information
Systems, Inc. under NASA Contracts NAS8-30536 and NAS1-13977; SALORS - developed by
Langley Research Center and described in NASA TN D-7179; and SRA - developed by
Structures Research Associates under NASA Contract NAST-10091: "A General Transient
Heat-Transfer Computer Program for Thermally Thick Walis" developed by Langley Research
Center and described in NASA TM X-2058.

)

17. Key Words (Suggested by Author(s)} ' 18, Distribution Statement

Pressure Vessel
Wind Tunnel UNCLASSIFIED - UNLIMITED
Finite Element

Numerical Integration
Design o A
19. Security Classif. {of this report) 20. Security Ciassif, {of this page) 21. No, of Pages | 22. Price’

Uncja;sified Unclassified 199 $7.00

[ ]
For sale by the Ngtionat Technico! Information Service, Springfield, Virginia 22151



NATIONAL TRANSONIC FACILITY
TUNNEL SHELL
NASA - LaRC

FINITE ELEMENT ANALYSIS

OF
PLENUM REGION
INCLUDING
SIDE ACCESS REINFORCEMENT,
SIDE ACCESS DOOR
AND
ANGLE OF ATTACK PENETRATION

304 STAINLESS STEEL
SEPTEMBER 1976
VOLUME 3S



APPROVED:

ARALYSTS:

LaRC CALCULATIGNS
FOR THE

NATIONAL TRANSONIC FACILITY

TUNNEL SHELL

DATE: SEPTEMBER, 1976

LJ. ngb”vidwp jL.

DR/ JAMES W. RAMSEY, JR., HEAD
STRUCTURAL ENGINEERING SECTION

7 ot

deHN T. TAYLOR 7

HEAD SHELL ANALYST

Lo

F. ILSON SHELL WORK
CKAGE & CONSTRUCTION MANAGER

zmaém;

ARNE D. LEATHERMAN
SHELL PROGRAMMER

rer LU d@éw;(
JOHNNY W.”7ALLRED
SHELL/THER”AL ANALYST

LL

C:Z;/”Cf?.ﬁig ac, ; O

CARL E. GRAY, JR.” 7
SHELL ANALYST

A amee £ Ron

JAMES R. ROOKER
SHELL/THERMAL ANALYST



report is one volume of a Design Analysis Report prepqred by LaRC ]
::iSOr:gons of the pressure shell for the National Transonic Facility. This
report is to be used in conjunction with reports prepared under NASA 7
Contract NAS1-13535(c) by the Ralph M. Parsons Company (Job Number 5409-3
dated September 1976) and Fluidyne Engineering Corporation (Job Numbef 1060
dated September 1975). The volumes prepared by LaRC are listed below:

1. Finite Difference Analysis of Cone/Cylinder Junction (304 5.S.)
Vol. 1, NASA TM X-73957-1.

2. Finite Element Analysis of Corners #3 and #4 (304 S.S.), Vol. 25,
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.5.), Vol. 35, NASA TM X73957-3.

4. Thermal Analysis (304 $.S5.) Vol. 4S, NASA TM X73957-4.

5. Finite Element and Numerical Integration Analyses of the
Bulkhead Region (304 S.S.), Vol. 55, NASA TM X73957-5.

6. Fatigue Analysis (304 S.S.), Vol. 6S, NASA TM X73957-6.
7. Special Studies (304 S.5.), Vol. 7S, NASA TM X73957-7.
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NTF DESIGN CRITERIA
FOR 304 STAINLESS STEEL

GENERAL | g

THE DESIGN OF THE PRESSURE SHELL REFLECTED IN THIS REPORT : i
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 CQNFIGURATIONS 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 PA"IGUE 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 P304 FOR FORGINGS. THE MATERIAL PROPERTIES AT
TEMPERATURES EQUAL TO -OR BELOW 150°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 = 75.06 KSI

QPERATING, DESIGN AND TEST CONDITIONS

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

ANY MIXTURE OF AIR AND NITROGEN

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.

PRESSURE RANGE

TUNNEL
CONFIGURATION

CONDITION I - PLENUM
ISOLATION GATES QPEN
AND TUNNEL OPERATING:

TUNNEL CIRCUIT
EXCEPT PLENUM

PLENUM (PLENUM PRESS-
URE IS LIMITED TO

.4 TO 1 TIMES THE
REMAINDER OF THE
TUNNEL CIRCUIT

BULKHEAD

CONDITION II - PLENUM
ISOLATION GATES OPEN
AND TUNNEL SHUTDOWN:

ENTIRE TUNNEL CIRCUIT

BULKHEAD

CONDITION II1 - PLENUM
ISOLATION GATES AND
ACCESS DOORS CLOSED:

TUNNEL CIRCUIT EXCEPT
PLENUM

OPERATING
PRESSURE
RANGE, PSIA

8.3 to 130

3.3 to 130

8.3 to 130

8.3 to 130

DESIGN
PRESSURES
PSID

8 EXTERNAL
119 INTERNAL

A.
Bl
A. 15 EXTERNAL
B. 119 INTERNAL

56 (EXTERNAL TO PLENUM)

A. 8 EXTERNAL
B. 119 INTERNAL

A. 8 EXTERNAL
B. 118 INTERNAL



PLT™UM (PLFNUM 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 28I, BUT DOES NOT

EXCEED THE 130 PSIA

MAXIMUM OPERATING

PRESSURE)

BULKHEAD A. 25 (INTERNAL TO

PLENUM)
B. 119 (EXTERNAL TO

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

b
(@]

115.7 (EXTERNAL TO
PLENUM) FOR PLUS
151 DEGREES
FAHRENHEIT TO PLUS
200 DEGREES
FAHRENHEIT

#*QPERATING PROCEDURES LIMIT PRESSURES TO THAT SHOWN.
D. CONDITION IV - PLENUM

ISOLATION GATES CLOSED

AND ACCESS DOORS OPEN:

TUNNEL CIRCUIT EXCEPT 8.3 to 130 A. 8 EXTERNAL

PLENUM B. 119 INTERNAL
PLENUM - .7 0

BULKHEAD . A. 119 (EXTERNAL TO

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

#B. 115.7 (EXTERNAL TC

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

*QPERATING PROCEDURES LIMIT PRESSURES TO THAT SHOWN.
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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

18.7
18.2

183.4 PSI + HYDROSTATIC HEAD

PH

1.5 (119) (35~5) + HYDROSTATIC HEAD

1

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

- 18.7
PH = 1.5 (18 7

= 183.4 + HYDROSTATIC HEAD

=) (119) + HYDROSTATIC HEAD

PH, *

1.5 (115.7) (18 $3:1) + HYDROSTATIC HEAD

1]

183.4 + HYDROSTATIC HEAD

#*TUNNEL OPERATION LIMITATIONS PRECLUDE PRESSURE
DIFFERENTIALS ACR0OSS BULKHEADS IN EXCIZSS OF
115.7 PSI FOR BULKHEAD AND GATE TEMPERATURES
IN EXCESS OF 150°F.

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

18.7
3 18.2

THE PRESSURE SHELL EXCEPT FOR THE PLENUM SHALL BRE
PRESSURIZED TO 144.8 PS3IG. THE PLENUM SHALL BE
PRESSURIZED TO 183.4 PSIG.

PH, = 1.5 (§5~%) (25) = 38.5 PSI

i

PRESSURE SHELL STRESS EVALUATION CRITERIA

THIS CRITERIA ESTABLISHES THE BASIS FOR ANALYSIS AND DESIGN OF THE
PRESSURE SHELL S0 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
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(A) THE MAXIMUM ALLOWABLE STRESS (S)
S
S

18.2 KSTI (-~320°F TO +150°F)

17.7 K8I (-320°F TO +200°F)
(B) PRIMARY BENDING PLUS PRIMARY MEMBRANE STRESSE™

THE LOCAL MEMBRANE STRESSES ARE NOT GENERALLY
CONSIDERED IN SECTION VIII, DIVISION 1 DESIGNS.
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:

P+ P & 1.5SE

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)), ADDITICNAL ANALYSES WERE PZRFORMED UTILIZING THE
GUIDELINES OF THE ASME 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 REMAIN WITHIN THE
INTENT OF DIVISION 1 AND TO OBTAIN A DIVISION 1 STAMP.

A. GENERAL PRINCIPAL MEMBRANE STRESS
‘MAXIMUM ALLOWABLE STRESS

S 18.2 KSTI (-320°F TC +150°F)

S 17.7 KSI (-320°F TO +200°F)

MAXIMUM ALLOWABLE STRESS INTENSITY

r

Sm = 20.0 KSI (-320°F TO +300°F)
B. PRIMARY GENERAL MEMBRANE STRESS IWTENSITY

P LS,

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

* -
P *&S

NOTE: THE # IS USED TO DENOTE THAT MAXIMUM PRINCIPAL
STRESSES ARE TO BE OMPUTED FOR THE GIVEN LOALING
CONDITION. THE INTENT IS TO DETERMINE THE STRESSES WHICH
REPRESENT THE HOOP STRESSES AND MERIDIONAL STRESSES WHICH
ARE THE STRESSES USLED IN DIVISION 1 COMPUTATIONS.
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DESIGN LOADS, PRIMARY LOCAL MEMBRANE STRESS INTENSITY
P £1.58

NOTE: LOCAL MEMBRANE STRESS INTENSITY IS DEFINED IM
ACCORDANCE WITH DIVISION 2,
APPENDIX u4-112(i). ‘HE TOTAL MERIDIONAL
LENGTH IS CONSIDERED TO BE 1.0 V¥ RT.

DESIGN LOADS, PRIMARY LOCAL MEMBRANE PLUS PRIMARY
BENDING STRESS INTENSITY

P, + P, €£1.5 8

L

QPERATING LOADS, PRIMARY PLUS SECONDARY STRESS
INTENSITY

Py + P + Q&3S

A FATIGUE ANALYSIS WAS CONDUCTED IN ACCORDANCE WITH
SECTION VIII, DIVISION 2 WITHOUT MODIYFICATION.

HYDROSTATIC TEST CONDITION DESIGN CONSIDERATIONS

A.

PRESSURE SHELL

IN ACCORDANCE WITH DIVISICN 1 CF THE ASHME CODE,
DESIGN ANALYSTIS OF THE PRESSURE SHELL FOR THE
HYDROSTATIC TEST CONDITION IS NOT REQUIRED.

HOWEVER, IN ORDER TO PROVIDE A SATISTACTORY
ENGINEERING DESIGN FOR THE PRESSURE SHELL SPECTIAL
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
AMOUNTS OF DISTORTION CAN CAUSE LEAKAGE OR
MALFUNCTION. EXAMPLES OF THESE AREAS ARE THE PLENUM,
PLENUM ACCESS DOORS, PLENUM ACCESS DCOR
REINFORCEMENT, THE BULKHEADS, AND BULKHEAD FLANGES-.

SUPPORT RINGS

DESIGN OF THE PRESSURE SHELL SUPPORT RINGS, INCLUDING

ix



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

(A)

(B)

THE COMBINED VALUE OF THE SHELL CIRCUMFERENTIAL
PRESSURE STRESS, Sl AND SHELL

BENDING STRESS S RESULTING FROM ACTION OF A

29
PORTION QF THE SHELL AS AN

INNER FLANGE OF THE RING, SHALL NOT EXCEED 0.8
WELD YIELD STRESS:

S, + 8, € 0.8 WELD YIELD STRESS,

1
WHERE, FOR SUPPORT RINGS NOT ANALYZED BY FINITE
ELEMENT TECHNIQUES,

~ . R .
S1 = PH (T) + .6 PH’ PH INCLUDES HYDROSTATIC

HEAD CORRECTION, AND

82 = RING BENDING STRESS AT INNER FLANGE, BASED
ON AN EFFECTIVE WIDTH OF THL PRESSURE
SHELL ACTING AS AN INNER FLANGE OF THE
RING OF 1.1 MULTIPLIED BY THE
SQUARE ROOT OF DO T.

THE BENDING STRESS, S ON THE OUTSIDE FLANGE

2F
SHALL NOT EXCEED .9 WELD YIELD

STRESS. (IN THE COMPUTER ANALYSIS ALL
LOADING CONDITICNS ARE LIMITED TC

.9 SY ON THE QUTER FLANGE.)

BRACKETS AND SUPPORT PAD WELDMENTS

THE DESIGN FOR ALL LOADING CONDITICNS INCLUDING
THE HYDROSTATIC TEST CONDITION OF THOSE PORTIONS
OF BRACXETS 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
STRESS IN TENSION EQUALS .& Sy, ETC.
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