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i js one volume of a Design Analysis Report prepqred by gaRC _
121;0:i?g;: 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 _5409-360
dated September 1976) and Fluidyne Engineering Corporat1on.(Job Numoef 10
dated September 1976). The volumes prepared by LaRC are listed below:

1.

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

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

Finite Eiément 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.

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

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

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

‘Special Studies (304 S.S.), Vol. 7S, NASA TM X73957-7.
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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 CRITERTA 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 WAT:RIAL E?C?LRTIES AT

TEMPERATURES EQUAL TO OR BELOW 150°F ARE AS FOLLOWS:
(A) PLATE =

YIELD = 30.0 KSI =
ULTIMATE = 75.0 KSI

(B) WELDSk(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 PRESSUPE
SHELL AND ASSOCIATED SYSTEMS AND ELEMENTS ARE SUMMARIZED BELOW '

iv




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.  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
|  URE IS LIMITED TO » |  B. 119 INTERIAL
.4 TO 1 TIMES THE R |
REMAINDER OF THE
_ TUNNEL CIRCUIT
BULKKEAD 56 (EXTERNAL TO PLENUM)
B.  CONDITION IT - PLENUM
ISOLATION GATES OPEN
“AND TUNNEL SHUTDOWN: :
ENTIRE TUNNEL CIRCUIT 8.3 to 130  A. 8 EXTERNAL
B g ~ B. 119 INTERNAL
CBULKHEAD o oog :
~C.  CONDITION III - PLENUM
| 'ISOLATION GATES AND .
o ~ ACCESS DOORS CLOSED: L o |
o TumeL CIRCUIT EXCEPT 8.3 to 130  'A. 8 EXTERNAL
.o PENUM - B. 119 INTERNAL
QRICTNA- quaTd
QF BOOR =5 v
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D.

~ PLENUM (PLENUM OPER- 0 to 130
ATING PRESSURE CAN |

EXCEED THE PRESSURE
IN THE REMAINDER OF
THE TUNNEL CIRCUIT BY
24 PSI, BUT DOES NOT
EXCEED THE 130 PSTIA

‘MAXIMUM OPERATING
. PRESSURE)

- BULKHEAD

CONDITION IV - PLENUM
TSOLATION GATES CLOSED

~AND ACCESS DOORS OPEV'
TUNNEL CIRCUIT EXCEPT 8.3 to 130

PLENUM ..

PLENUM 'EE,E,, 4.7

~ BULKHEAD |

,*OPERATING:PROCEDURES LIMIT PRESSURES TO THAT SHOWN

A. 15 EXTERNAL
‘B. 119 INTERNAL

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 DEGREZS
FAHRENHEIT

' #OPERATING PROCEDURES LIMIT PRESSURES TO THAT SHOWN . e

A. 8 EXTERIAL

B. 119 INTEAaAE
0

" A. 119 (EXTERYAL TO

‘PLENUM) FOR MINUS
320 DEGREES FAHRENHLIT
TO PLUS 150 DEGREES
'FAHRENHEIT ' '

%8, 115.7 (EXTERNAL TO

~'PLENUM) FOR PLUS 151 s
~ - DEGREES FAHRENHEIT TO PLUS
, gzoo DEGREFS FAHRENHEIT




4.  HYDROSTATIC TEST DESIGN CONDITIONS

, THE PRESSURE SHELL WAS DESIGNED FOR HYDROSTATIC TEST IN

'-*) ACCORDANCE WITH THE REQUIREMENTS OF THE ASME CODE, SECTIOX

‘ VIII, DIVISION 1. THE TEST PRESSURES SHALL BE AS FOLLOVS.

, 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 PST + HYDROSTATIC HEAD

1.5 (119) (F55) + HYDROSTATIC HEAD

.PHl

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

18.7
18.2

”183 4 + HYDROSTATIC HEAD

18.7
17.7 7

= 183.4 + HYDROSTATIC HEAD

 pH 18-7) (119) + HYDROSTATIC HEAD

2-715(

-
b/

'PH'* 1 5 (115.7) (F59) + HYDPOSTATIC HEAD

*TUNNEL OPERATION LIMITATIONS PRECLUDE PRLSSURI,
I » DIFFERENTIALS ACROSS BULKHEADS IN EZXCZSS OF .
7) ’ R 115.7 PSI FOR BULKHEAD AND. GA"“ TEMPERATURES

IN EXCESS oF 150°P "

CONDITION (3) = MAXIMUM REVERSE DI:FPR NTIAL PRESSUZZ
CONDITION ACROSS THE PLENUM BULKHEADS »

an?

- | PHy 18 2) (25) = 38.5 PST |
 THE PRESSURE SHELL EXCEPT FOR THE PLPN&A SHALL BE
PRESSURIZED TO 144.9 PSIG. ¢THE PLENUM SHALL BE

PRESSURIZED TO 183 u PSIG.

l 5 (

RfPRESSURg SHELL STRESS EVALUATION CRITERIA

THIS CRITBRIA ESTABLISHES THE BASIS POR ANALYSIS AND DESIGN OP ”P

PRESSURE SHELL SO IT WILL MEET OR EXCEED ALL OF THE}REQUIRE HTS
~_OF SECTION. VIII 'DIVISION 1 OF THE ASME BOILER AND~ PRESSURE. VHSSLL .
: ,CODE AND CAN BE STAMPBD WITH A DIVISION 1M STAMP : '

‘R7l;, SECTION VIII DIVISION l DIRPCT APPLICATION '

vii - i




(A) THE MAXIMUM ALLOWABLE STRESS (S)

S 18.2 KSI (-320°F TO +150°F)

17.7 KSI (-320°F TO +200°F)

S
(B) PRIMARY BENDING PLUS PRIMARY 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:
| Pb +‘Pm§’l.5 SE

NOTE: E IS JOINT EFFICIENCY

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 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 WITHINL THE
INTENT OF DIVISION 1 AND TO OBTAIN A DIVISION 1 STAMUP.
A. GENERAL PR INCIPAL MEMBRANE STRESS

MAXIMUM ALLOWABLE STRESS

S

18.2 KSI (-320°F TO +150°F)

S = 17.7 KSI (-320°F TO +200°F)

MAXIMUM ALLOWABLEASTRESS INTENSITY
} 8, = 20.0 KsI ( 320°P TO +300°F)
B.  PRIMARY GENERAL MEMBRANE STRESS INTBNSITY

P <ZS

AND ‘IN ORDER TO COMPLY WITH'DIVISION l THE MAXIMUM
PRINCIPAL MEMBRANE STRESS MUST BE ' :

P %* <:S

NOTE: THE # IS USED TO DENOTE THAT MAXIMUM PRINCIPALVI~E

k '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 DIVISION 1 COMPUTATIONS :




C, DESIGN LOADS, PRIMARY LOCAL MEMBRANE STRESS INTENSITY
) i P, £1.5 8

NOTE: LOCAL MEMBRANE STRESS INTENSITY IS DEFINED IN
T ‘ ACCORDANCE WITH DIVISION 2,
' APPENDIX 4-112(i). THE TOTAL MERIDIONAL
LENGTH IS CONSIDERED TO BE 1.0 V RT.

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

PL + Py <1.5 Sp,
E. OPERATING LOADS, PRIMARY PLUS SECONDARY STRESS
~ INTENSITY ,

P+ P +Q<&38_

v3, - A FATIGUE ANALYSIS WAS CONDUCTED IN ACCORDANCE WITH
SECTION VIII, DIVISION 2 WITHOUT MODIFICATION.

. 4. HYDROSTATIC TEST CONDITION DESIGN CONSIDERATIONS

A.  PRESSURE SHELL |
IN ACCORDANCE WITH DIVISION 1 OF THE ASMI CCIE,
DESIGN ANALYSIS OF THE PRESSURE SHELL FOR THE

}_NHYDROSTATIC TEST CONDITION IS NOT REQUIRED.
- HOWEVER, IN ORDER TO PROVIDE A SATISFACTORY

.ENGINEbRING DZSIGN FOR THE PRESSURE SHELL SPECIAL
EMPHASIS WAS GIVEN, AS PROMPTED BY NOTE (1) OF
SECTION VIII, DIVTSION 1 OF THE ASME CODE, TO TLaAIGES
OF GASKETED JOINTS OR OTHER APPLICATIONS WHERE SLIGHT

AMOUNTS OF DISTORTION CAN CAUSE LEAKAGE OR |
_ MALFUNCTION. EXAMPLES OF THESE AREAS ARE THE PLENUN,
. PLENUM ACCESS DOORS, PLENUM ACCESS DOOR
REINFORCEMENT, THE BULKHEADS AND BULKHEAD FLANGES.
B.  SUPPORT RINGS | | |

' DESIGN OF THE PRESSURE SHELL SUPPORT RINGS, INCLUDING

-odix




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

(A).~

-
e

(B)

(C)

THE COMBINED VALUE OF THE SHELL CIRCUMFERENTIAL
PRESSURE STRESS, S1 AND SHELL

BENDING STRESS S RESULTING FROM ACTION OF A

2)

PORTION OF THE SHELL AS AN
INNER FLANGE OF THE RING, SHALL NOT EXCEED 0.8
WELD YIELD STRESS: : ‘ : :

s, + 8, £ 0.8 WELD YIELD STRESS,

WHERE, TOR SUPPORT RINGS NOT ANALYZED BY FINITE
ELEMENT TECHNIQUES, ' '

. R | e
PH (T) + .6 PH’ PH TINCLUDES HYDROSTATIC

HEAD CORRECTION, AND

82_5 RING BENDING STRESS AT INNER FLAKGE,‘BASED
ON AN EFFECTIVE WIDTH OF TH
SHELL ACTTIG AS Al INNEF TLANGE OF t“
RING OF 1.1 MULTIPLI THE

SQUARE ROOT OF D. =

ltJ
i
v

~
-

THE BENDING STRESS, kON‘THE'OUTSIDE rLANGE

HE. SoF
SHALL NOT EXCEED .9 WELD YIELD o
STRESS. (Tii THE COMPUTER ANALYSIS ALL
LOADI:G  CONDITIONS ARE LIMITED TO
.e S, ON THE OUTER FLANGE.) |

' BRACKETS AND SUPPORT PAD WELDYINTS

THE DESIGN FOR ALL LOADING CONDITIONS INCLUDING

THB‘HYDROSTATIC TEST CONDITIQI OF THOSE PORTIOIS
OF BRACKETS AND SUPPORT PAD WELDMENTS WHICH ARE

 ATTACHED TO THE PRESSURE SHELL BUT NOT ON THE

- 'STRESS IN TENSION EQUALS .6 S«

INAL PA
QU

SURFACE OF THE SHELL SHALL COMPLY WITH THE
REQUIREMENTS OF THE AISC CODE, I.E. MAXIMUM :
v ETC.

g i
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The enclosed anaTySes is for 9% Ni with a 6" Temp—ﬂat Insulation
w1th internal ciecumferential "T" rings. The new baseline insulation
Js a closed cell material "Rohacell", with interpal tabs. The

“Rohacell’ 1nsu1atﬁdn reduces the stresses contained herain by 4 factor
of 7. .
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COMPLITER __ PROGRAMS

/-~  TEMPERATURES WEeEs (AL CLILATED WITH

A GEW::;EA L TRANSIENT HEAT -TRANSFER
compy rg,e PROGRA A FOR THELMKLLY THICK
waLLs " NARSA TEcHMICAL Mgmo,eayaum
no. [7"/14 x-:zas'aj - S

! 8. Abstract
This program is a general heat-transfer program which employs a finite-difference

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) joiat
conduction. The system configuration is specified by an arbitrary number of discrete ele-
ments and their interrelationships.

ORIGINAL; Pagy; 5
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2. STRESSES WERE CALCUILBTED W/TH

SPAR" WHICH IS A SYSTEM OF COMPUTER
PROGRAMS LSED PRIMARILY TO PERFORM
STRESS , BUCKLING, AND V/IERATIONAL RAIALYSES
OF LINEAR FINITE ELEMENT SYSTEMS

MANLAL No. EIST /A2200  BY

ENS/NEERING  INFORMAT /ON S YSTEM , INC.
5120 CAMPRELL. AVENLIE , SUITE 2¢o
SAN TOSE , CALIFORNIA F5/30

(‘403) 379 -eo730
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DISTRIBLTION WITH FLOW.. THIS WAS SHOWN
IN FIGURE . THE ASSUMPTION IS MADE THAT
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THERMAIL BUCKIING OF ISOTROPIC CIRCULAR CYLINDRICAL
SHELLS; EITHER EDGE CIAMPED OR SIMPLY SUPPORTED
NOTATION
= Arca of cross scclion taken normal to the axis of revolution, in?,
= Young's modulus, psi,
ly' I, = Area moments of inertia taken about the y and z axes, rcspectively,
ind, .
L = Overall length of the cylinder, in,
My = Running bending moment about middle surface of shell wail
, in-lb
(see Figurc 2), e
O )_Ay. ﬁz = Overall bending moments about the y and z axes, respectively

|
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(sec Figure 2), in-lb,

Artificial values for M, and M,, respectively (see Equaticns (7)),

y
in-1b. :
Artifici:;l values for I._iv and L_IZ. respactively [ see Equation: (5)],
in-1b. =
Axial force (see Figure 1), lb.

Artificial vaiue for P [ see Equations (6)], Ib.
Artificial value for P [sce Equations (2)], 1b.
Radius of cylinder middle surfacc;. in,
Temperaiure change from that of an initial unstressed strhj oe
reference lemperature (positive for a temperature rise), *F.
Thicknees of shell wall, In.
Radiu) deflection of shell wall, in.
Rectangular Cartesian coordinales (see Figure 1), in.
in -

Cocefficient of lincar thermal expansion, -———m.
: ) F)

e
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NOTATION *.
y
v
OA

o=\ (0%
(°w,), O5,),

o3,
(®x)atax
(o")cr

®

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

Poisson's rantio, dimensionless., -

Artificial axial strees defined by Equation (5), psi.

Axial stresses due to the artificial bending moments (My)B and

n

(ﬁz)B. respcctively, psi.

Axial stress due to the artificial force Py, psi.

Axial stress, psi.

= Peak value for Oy psi.
= Critical axial stress for buckling of the cylinder, psi.

= Angular coordinatc (see Figure 1), radians,

Note: All stresses are positive in tension,
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CONFIGURATION

The design curves and cquations Lrevided here apply only to thin-walled, right circular

cylinders which satisfy the relalionship

3.2 - 3 vty
LARs g (1)

S,

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

obeys Hooke's law, and that il is of constant thickness. Figure 1 dcpicts the isotropic

cylindvical shell configuration. Figure 2 shows the sign convention for forces, moments,
) d
and pressures., : g 4
BOUNDARY CONDITIONS
The following types of boundary conditions are covered:
G - . | - |
a. Simply supported edge; that is, : ,
w=Mx=0latx=Oand/orx=L 2) g
b. Clamped edge; that is, . |
dw ' '
w==——=0 atx=0and/orx=1L (3)
ox _ :
It is not required that the conditions at the two ends be the same. In every casc, itis l
: |
assumed that the cylinder (including any end rings) is not subjected to extemal axial |
constraiiits at any location around the boundarics at x = 0 and x = L. :
TEMPERATURE DISTRIBUTION
The suppesition is made that no thermai gradients exist through the wall thiclness and :
. |
in the axial direction. However, arbitrary circumferential variations may be present. : ;
The p‘ermissiblc distributions can therefore be expressed in the form | i
. : : 5 = i
) T=T(¢) - @ b
. d : i
|
|
259 |
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MIDDLE SUF.F.‘.(EE
Figure 1. Isotropic Cylindrical Shell Configuration

= P TR

NOTE: X, ¥, 2, ¢, AND O, ARE POSITIVE
AS SHOWN, IN ADDITION, P, M,
AND M, APE FICTITIOUS LOADINGS
USED IN DERIVATION AND ARE LIKE~-

WISE POSITIVE AS SHOWN

-

Figure 2.

Sign Convention for Forces,
Moments, and Pressure

O
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) Yioop membrane compression may develop in regions adjacent (o the two ends duc to

extemnal radial constraint, However, the buckling mode associaled with this condition 4

is noi considered. Beeause of this and the lack of external axial constraints, (he

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

DESIGN CURVES AND EQUATIONS

It is assumed that Young's modulus and Poisson's ratio are unaffected by temperature
changes. Hence, in using the contents of this TSN, the user must select effcclive
values for cach of these properties by applying engincering judgement. It will some-
times be desirable to employ different cffective moduli in each of the following opera-
tions:

a. Computation of the stresses A presant in the cylinder.,

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

Q On the other hand, the rosults are px:escnted in 2 form which cnables the user to fully

The aprropriate formulation for o, can be obtained Ly first imposing a fictiticus stress
distribution Op around the boundaries at x=0 and x=L such that all axdal thcimal

deformations are entirely suppressed. It follows that
0, = -aET(®) : (5)

These stresses may be integrated around the circumfercnce and through the wail

i thickness to arrive at the force
f : ; 2n Z,;n : '
]4 P, =-ER f aT(3)do | : (6)
- ; O[f// L
1 ° ; . . f}[} ]
1 ' ' £ ”QB Gk
. , Q IS
i ' and the mom cn.te : . U/’JJTY
1 =
: . . 2%

4 ey e (‘) -

® (M,), = -ER tf T (@) sin ¢ d¢ @)
. : o
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) ”Wmmwmur\nwmman—,“wpm X W g Y ey g e P
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o :
(Kiz)A=-En2tf aT($)cos @ do : ™

o (Contd)

Since it Is assumed that the shell is free of extermal axial constraints, the conditions

P=M,=M, = 0 _ ‘ : (8)
must be satisfied at x=0 and x=L. To restore the shell to such a state, it is necessary

to superimpose a force I-DB equal and opposite to I-"A as well as moments (HY)B and

(EZ)B which are equal and opposite to (ﬁy)A and (M‘"‘)A' respectively. lience,
x‘>B = -1'>A
(My)p = - (My) - ®)

(M) = - (),
= = :
The stress corresponding to Pp is easily found to be

P P 2

5 5 & - g
gk R f aT(8)do ‘ (10)
. () F .

The stresses due to (L_X).)B are

M | z M) z 2n .
(Oﬁ = ( {)B = ( ))B = g—-e-m—?-f aT@)oln¢dd (11)
sy 7R3t s & :

: /.'- .
And those due to \MZ)B are

. (ﬁz)By = (HZ)BY - Ecos 9 i ' (12)

O 4 = / aT(®)cos ¢dg
( MZ)B Iz 7Rt = & -

The procedure being used constitutes an application of Salnt-Venant's principle.
Hence, the stresses from Equations (10) through (123 will be accurate representations

only at sufficient distances from the ends x=0 and x=L. If end rings arc preaent,

20
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the grealer thelr resistance o out-cf-plane bending, the shorter will be this distance,

)
Subject to these conditions, the actual longitudinal thermal stresses at various points
in the shell may be computed from the relationship
O, =0y + (0= + (0= + (0= : (13)
€7 * (78] * (), * (i), :
or.
: -2 2n
“e E si
o, =-aET(?) + -.f aT(®)do + . “°/ aT(¢)sin 6de
; X 2n m
o o
2m .
coso®
+E . f aT (@) cos 3de (14)
o
Complex distributions may be encountered which make it difficult to perform the re-
Q 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 maximum longitudinal stress
(o")Max must be compared against the critical value which can be obtlained from the
formula
- Et !
o = ‘y N ——————— (]5)
Xjer
Cx) RV3(1-17)
For the design to be satisfactory, it is required that
< (o : 16
(o")Max ( ")cr : . ‘(. )
The quanury ¥ appearing above is a so-called kmcck-down factor which mainly accounts
for the detrimental effects from initial imper{ections. Note that Equation (15) is iden-
tical to that used for uniformly compressed circular, cylindrical shells. Its applica-
:D tion to the present problem is justificd on the basis of small-deflection studies reported
in References ) and 2. From the results give: in these references, it can be concluded

that, repardless of the nature of the circumferential streas distribution, classical

URIG ‘ ; :
ok PAGE 5 , P63
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theoretical !pslnblllty {8 reached when the peak axial coinprensivo stress satls{ics

the expression

Et ' G

o : — e .
( x)Max = Rm

In vicw of this, the values used here for ¥ were determined from the 99'7,-‘probabillty
(confidence = 0,95) data for uniformly compressed cylinders as reported in Reference

L
3. _The resulting ¥ values are plotted in Figure 2 for R ratos of 0.25, 1.0, and 4.0,

SUMMARY OF EQUATIOZ\"'S AND CURVES

2 : 2n
= E E sin @ g ’
ax_-aET(u)+2ﬂf aT(@)de + — f aT(?)singds
= [¢]
on :
+E°25°J/’ aT(¢)cosed? (18)
= ‘ : , £
Et
Frler = ¥ — = 19)
X
)Cr RY3(1-v2)
When v = 0.3 t}u's.givcs
£t ' -
= 0. — ~ 20
ML IS S Z

The knock-down factor ¥ is obtained from Figure 3.
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Figure 3. Kncck-down Factor
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