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This report is one volume of a Design Analysis Report prepared by LaRC

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:

1. Finite Difference Analysis of Cone/Cylinder (9% Ni), Vol. 1,
NASA TM X73956-1.

2. Finite Element Analysis of Corners #3 and #4 (9% Ni), Vol. 2,
NASA TM X73956-2.

3. Finite Element Analysis of Plenum Region Including Side Access
Reinforcement, Side Access Door and Angle of Attack Penetration
(9% Ni), Vol. 3, NASA TM X73956-3.

4. Thermal Analysis (9% Ni), Voi. 4, NASA TM X73956-4.

5. Finite Element and Numerical Integkation Analyses of the
Bulkhead Region (9% Ni), Vol. 5, NASA TM X73956-5.

6. Fatigue Analysis (9% Ni), Vol. 6, NASA TM X73956-6.
7. Special Studies (9% Ni), Vol. 7, NASA TM X73956-7.
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NTF DESIGN CRITERIA
'FOR 9% NICKEL

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 TATIGUE ANALYSIS OF THE

PRESSURE SHELL WAS ALSO PERFORMED UTILIZING THE METHODS OF THE
)ASME CODE, SECTION VIII, DIVISION 2.

MATERIAL
THE PRESSURE SHELL MATERTIAL SHALL BE ASME, SA-553-1 FOR PLATE AND
SA-522 FOR FORGINGS. THE MATERIAL PROPERTIES AT TEMPERATURES :
EQUAL TO OR BELOW 150°F ARE AS FOLLOWS:

~ (A) PLATE, 2.0 INCHES OR THINNER

YIELD = 85.0 KSI
ULTIMATE = 100 KSI

(B) WELDS (AUTOMATIC AND SEMIAUTOMATIC)

YIELD = 52.5 KSI
ULTIMATE = 95.0 KSI

(C) WELDS (HAND)

YIELD = 58.5 KSI
‘ULTIMATE = 95.0 KSI

iv
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OFERATING, DESIGN_AND TEST CONDITIONS

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

1.

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

OPERATING DESIGN
TUNNEL g PRESSURE PRESSURES
CONFIGURATION RANGE, PSIA  PSID
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
URE IS LIMITED TO B. 119 INTERWAL

.4 TO 1 TIMES THE
REMAINDER OF THE
TUNNEL CIRCUIT

BULKHEAD - 56 (EXTERNAL TO PLENUM)

CONDITION II - PLENUM
ISOLATION GATES OPEN

AND TUNNEL SHUTDOWN:

"ENTIRE TUNNEL CIRCUIT 8.3 to 130 A. 8 EXTERNAL

B. 119 INTERNAL

 BULKHEAD : 0

—



*QPERATING PROCEDURES LIMIT PRESSURES TO THAT SHOWN.

D.

CONDITION III - PLENUM
ISOLATION GATES AND
ACCESS DOORS CLOSED:

TUNNEL CIRCUIT EXCEPT
PLENUM

PLENUM (PLENUM OPER-
ATING PRESSURE CAN
EXCEED THE PRESSURE
IN THE REMAINDER OF
THE TUNNEL CIRCUIT BY
24 PSI, BUT DOES NOT
EXCEED THE 130 PSIA
MAXTIMUM OPERATING
PRESSURE)

BULKHEAD

CONDITION IV - PLENUM
ISOLATION GATES CLOSED
AND ACCESS DOORS OPEN:

TUNNEL CIRCUIT EXCEPT
PLENUM

PLENUM

BULKHEAD

#*QPERATING PROCEDURES LIMIT PRESSURES TO THAT SHOWN.

fie3 to 130

0 to 130

8.3 to 130

14.

Vi

7

A.

wr S w

A.

- %R,

. 119 (EXTERNAL TO
 FAHRENHEIT

200 DEGREES FAHRENHLIT ¢

8 EXTERNAL -
119 INTERNAL i

15 EXTERNAL
119 INTERNAL

25 (INTERNAL TO
PLENUM)

118 (EXTERNAL TO
PLENUM) FOR MINUS 1
320 DEGREES
FAHRENHEIT TO §
PLUS 150 DEGREES
FAHRENHEIT !

110.5 (EXTERNAL TO

PLENUM) FOR PLUS

151 DEGREES . - -1
FAHRENHEIT TO PLUS

200 DEGREES ' i
PAHRENHEIT

8 EXTERNAL
119 INTERNAL

- 1

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

110.5 (EXTERNAL TO o
PLENUM) FOR PLUS 151 J
DEGREES FAHRENHLIT TO PLUS |

T



PRESSURE SHELL STRESS EVALUATTION CRITERIA . V !

4. HYDROSTATIC TEST DESIGN CONDITIONS

THE PRESSURE SHELL WAS DESIGNED FOR HYDROSTATIC TEST IN
ACCORDANCE WITH THE REQUIREMENTS OF THE ASME CODE, SECTION D
yIII, DIVISION 1. THE TEST PRESSURES SHALL BE AS FOLLOWS. i
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

PHl = 1.5 (119) + HYDROSTATIC HEAD
' = 178.5 PST * HYDROSTATIC HEAD

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

pH, = 1.5 (119) + HYDROSTATLC HEAD
- 178.5 + HYDROSTATIC HEAD
pH % = 1.5 (111.5) (23:1) + HYDROSTATIC HEAD

= 178.5 % HYDROSTATIC,HEAD
*TUNNEL OPERATIOH LIMITATIONS PRECLUDE PRESSURE T e,
DIFFERENTIALS ACROSS BULKHEADS IN EXCESS OF

110.5 PSI FOR BULKHEAD AND GATE TEMPERATURES Il 2XCES8S
OF 150°F. :

CONDITION (3) - MAXIMUM REVERSE DIPFERENTIAL PRESSURZ'CCEDIZICI
ACROSS THE PLENUM BULKHEADS

PHy = 1.5 (25) = 37.5 PSI

THE PRESSURE SHELL EXCEPT FOR THE PLENUM SHALL BX »RESSURIZED 10 ;
141 PSIG. THE PLENUM SHALL BE PRESSURIZED IO 178.5 PSIG. ' P

THIS CRITERIA ESTABLISHES THE BASIS FOR ANALYSIS AND DESIGHN OF THE
PRESSURE SHELL SO IT WwILL MEET OR EXCEED AL, 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., e ,

vii
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SECTION VIII, DIVISION 1, DIRECT APPLICATION
A, THE MAXIMUM ALLOWABLE STRESS (S)

S 23.7 KSI (-320°F TO +150°F)

S 22.2 KSI (~320°F TO +200°F)

(B) PRIMARY BENDING PLUS PRIMA™Y MEMBRANE STRESSES

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 < 1.5 SE

NOTE: E IS JOINT EFFICIENCY

IN REGIONS OF THE PRESSURE SHELL WHERE DIVISION 1 DOES
NOT COHTAIN RULES TO COVER ALL DETAILS OF DESIGH (REF.
U-2(g)), ADDITIONAL ANALYSES WERE PERFORMED UTILIZING THE
GQUIDELINES OF THE ASME CODE, SECTION VIII, DIVISIO: 2,
APPENDIX 4, "DESIGN BASED ON STRESS AIALYSIS." THE BASTu
STRESS CRITEPIA FOR DIVISION 2 IS REPRESENTED Il FIGUR
4..130.1 AND RESTATED BELOW IWDICATIN3 ANY MODIFIC %TTLTS
OR EXCESS REQUIREMENTS APPLIED TO IT YO0 RviAIl WITHIN THZ
INTENT OF DIVISION 1 AND TO OBTAII A DIVISION 1 STAMP.

A, GENERAL PRINCIPAL MEMBRANE STRZSS

MAXIMUM AL JOUABLL STRESS

S 23.7 KST (-320°F TO +150°F )

s 22.2.KSI (-320°F TO +200°F)

MAXIMUM ALLOWABLE STRESS INTENSITY
s = 31.7 KSI (-320°F TO +200°F)
B. PRIMARY GENERAL MEMBRANE STRESS INTENSITY
P, <, | |

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

® L8

NOTE: THE * IS USED TO DENOTL : THAT MAXIMUM PRINCIIAL
STRESSES ARE TO BE COMPUTED FOR THE GIVEN LOADING
CONDITION. THE INTENT IS TO DETERMINL THE STRESSES WIHICH
REPRESENT THE HQOP STRESSES AND MERIDIONAL STRESSLES WHTICH
“ARE THE STRESSES USED IN DIVISION 1 COMPUTATIONS.

FPRODUCIBILITY OF THE
3 7RTNAL PAGE IS POOR




C. DESIGN LOADS, PRIMARY LOCAL MEMBRANE STRESS
INTENSITY

P, <1.58
- m

L .
NOTE: LOCAL MEMBRANE STRESS INTENSITY IS DEFINED IN
ACCORDANCE WITH DIVISION 2,

APPENDIX 4-112(i). THE TOTAL MERIDIONAL

LENGTH IS CONSIDERED TO BE 1.0 “YRT.

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

5

Py o+ “bél's St

E. OPERATING LOADS, PRIMARY PLUS SECONDARY STRESS
INTENSITY

P, + P+ Q&3 Sy

F. COMMENT

BECAUSE OF THE LOW YIELD STRENGTH EXPECTED AT THE
WELDS AS COMPARED TO THE YIELD STRENGTH OF THE
PLATE, STRESS INTENSITIES COMPUTED IN (A), (B), (C),
(D), OR (E) -SHALL ROT EXCEED THE YIELD STREHGTH OF
THE MATERIAL AT EITHER WELD OR PLATE LCCATIOIS.

A~FATIGUE ANALYSIS WAS CCNDUCTED IN ACCORDANCE WITH
SECTION VIII, DIVISION 2 WITHOUT MODIFICATION.

HYDROSTATIC TEST CONDITION DESIGN CONSIDERATTIONS
A.  PRESSURE SHELL
IN ACCORDANCE WITH DIVISION 1 OF THE ASME CODE,
DESTGN ANALYSIS OF THE PRESSURE SHELL FOR THE
HYDROSTATIC TEST CONDITION IS NOT REQUIRED.
HOWEVER, IN ORDER TO PROVIDE A SATISFACTORY
FNGINEERING DESIGN FOR THE PRESSURE SHELL THE
FOLLOWING CRITERIA WAS USED: .
(2) THE MAXIMUM GENERAL MEMBRANE STRESS
*“’  PERPENDICULAR TO A WELD LINE WAS
LIMITED TO THE LESSER OF: |
P * <0.8 WELD YIELD STRESS
OR

P_ % £ 0.5 WELD ULTIMATE STRESS

ix
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. (b) THE GENERAL PRINCIPAL MEMBRANE STRESS IN THE
) PLATE (NOT AT A WELD) WAS LIMITED TO THE LESSER
OF: :

Pm * &£ 0.8 PLATE YIELD STRESS

Pm * £ 0.5 PLATE ULTIMATE STRESS

(*#) THE STRESSES SATISFYING THIS CRITERIA ARE
BASED ON MAXIMUM MEMBRANE STRESSES
RATHER THAN INTENSITY CRITERIA.
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