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report is one volume of a Design Analysis Report prepqred by gaRC )
I:i;or:?gns of the pressure shell for the National Transonic Facility. This
report is to be used in conjunction with reports prepared under NASA
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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 CORMNER 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°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 = 7%.0 KSI

OPERATING, DESIGN AND TEST CONDITIONS

THE OPERATING, DESIGN AND TEST CONDITIONS FOR THE TUNNEL PRESSURE
SHELL AND ASSOCIATED SYSTEMS AND ELEMENTS ARLC 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 A
FAHRENHEIT, EXCEPT IN THE REGION OF THE PLENUM BULKHEADS
AND GATE VALVES INSIDE A 23-FO0T, 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 OPEN
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 III - 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

A.
B.

A.
B.

56

A.
B.

8 EXTERNAL
119 INTERNAL

15 EXTERNAL
119 INTERNAL

(EXTERNAL TO PLENUM)

. 8 EXTERNAL

119 INTERNAL

8 EXTERNAL
119 INTERNAL

SETEEER T TS ARG R AR =



PLENUM (PLENUM OPER- 0 to 13U
ATING PRESSURE CAN

EXCEED THE PRESSURE

IN THE REMAINDER OF

THE TUNNEL CIRCUIT BY

24 PSI, BUT DOES NOT

EXCEED THE 130 PSIA

MAXIMUM OPERATING

PRESSURE)
BULKHEAD

*C.

*OPERATING PROCEDURES LIMIT PRESSURES TO THAT

D.

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

TUNNEL CIRCUIT EXCEPT 8.3 to 130
PLENUM

PLENUM 14,7
BULKHEAD

*B.

*OPERATING PROCEDURES LIMIT PRESSURES TO

vi

. 15 EXTERNAL

119 INTERNAL

25 (INTERNAL TO
PLENUM)

. 119 (EXTERNAL TO

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

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

SHOWN.

8 EXTERIAL
119 INTERNAL

119 (EXTERNAL TO

PLENUM) FOR MINUS

320 DEGREES FAHRENETIT

TO PLUS 150 DEGREES
FAHRENHEIT

115.7 (EXTERNAL TO

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

THAT SHOWN.



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

1.5 (119) (}3*7) + HYDROSTATIC HEAD

PHl
183.4 PSI + HYDROSTATIC HEAD

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

i 18.7
PH, = 1.5 (}§7) (119) + HYDROSTATIC HEAD

= 183.4 + HYDROSTATIC HEAD
PH % = 1.5 (115.7) (17 13+1) + HYDROSTATIC HEAD

183.4 + HYDROSTATIC HEAD

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

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

8.7
3 18,7

THE PRESSURE SHELL EXCEPT FOR THE PLENUM SHALL BE
PRESSURIZED TO 1u44.9 PSIG. THE PLENUM SHALL BE
PRESSURIZED TO 183.4 PSIG.

PH, = 1.5 (§5—=) (25) = 38.5 PSI

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 ﬁU" STAMP.

1. SECTION VIII, DIVISION 1, DIRECT APPLICATION

vii
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(B)

THE MAXIMUM ALLOWABLE STRESS (S)

S = 18.2 KSI  (=320°F TO +150°F)

S = 17.7 KSI (=320°F TO +200°F)

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 PEMETRATIONS 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 PKESSURE SHELL WHERE DIVISION 1 DOES NOT
CO.'TAIN RULES TO COVER ALL DETAILS OF DESIGN (REF. °
U-2(g)), ADDITIONAI ANALYSES WERE PERFORMED UTILIZING THE
GUIDELINES OF THE aoME 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 STANMP.

A.

GENERAL PRINCIPAL MEMBRANE STRESS
MAXIMUM ALLOWABLE STRESS

S = 18.2 KSI (-320°F TO +150°F)

S = 17.7 KSI (-320°F TO +200°F)
MAXIMUM ALLOWABLE STRESS INTENSITY

S, = 20.0 KSI (-320°F TO +300°F)

m
PRIMARY GENERAL MEMBRANE STRESS INTENSITY

Pmé Sm

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

P*<LS

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 THF STRESSES USED IN DIVISION 1 COMPUTATIOHNS.

(]
viiy
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DESIGN LOADS, PRIMARY LOCAL MEMBRANE STRESS INTENSITY
P £1.5 S
NOTE: LOCAL MEMBRANE STRESS INTENSITY IS LEFINED IN
ACCORDANCE WITH DIVISION 2,
APPENDIX 4=112Ci). THE TOTAL MERIDIONAL
LENGTH IS CONSIDERED TO BE 1.0 V RT.

DESIGN LOADS, PRIMARY LOCAL MEMBRANE PLUS PRIMARY
BENDING STRESS INTENSITY

P, + P, £1.58,

OPERATING LOADS, PRIMARY PLUS SECONDARY STRESS
INTENSITY

Pp+P +QL3S,

A FTATIGUE ANALYSIS WAS CONDUCTED IN ACCORDANCE WITH
SECTION VIII, DIVISION 2 WITHOUT MODIFICATION.

HYDROSTATIC TEST CONDITION DESIGN CONSIDERATIONS

A.

PRESSURE SHELL

IN ACCORDANCE WITH DIVISION 1 OF THE ASXZ CODE,
DESIGN ANALYSIS OF THE PRESSURE SHELL FOR THE
HYDROSTATIC TEST CONDITION IS NOT REQUIRLD.

HOWEVER, IN ORDER TO PROVIDE A SATISFACTORY
ENGINEERING DESIGN FOR THE PRESSURE SHELL SPECIAL
EMPHASIS WA3 GIVEN, AS PROMPTEPM BY NOTE (1) OF
SECTION VIII, DIVISION 1 OF THE ASME CODE, TC FLAIIGES
OF GASKETED JOINTS OR OTHER APPLICATIONS WHERE SLIGHT
AMOUNTS GF 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.

SUPPORT RINGS
DESIGN OF THE PRESSURE SHELL SUPPORT RINGS, INCLUDING

ix



ORIGINAL
POOR

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

(A)

(B)

(C)

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

BENDING STRESS S,, 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, *+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
O AN EFFECTIVE WIDTH OF THE PRZSSURE
SHELL ACTING AS All INNER FLAIGE OF THE
RIIG OF 1.1 MULTIPLIZD BY THE
SQUARE ROOT OF D. T,

o

THE BENDING STRESS, S N THE OUTSIDE FLANGE

2F ©
SHALL NOT EXCEED .9 WELD YIELD

STRESS. (IN THE COMFUTER ANALYSIS ALL
LOADI!IG CONDITIO:IS ARE LIMITED TO

.9 Sy ON THE OUTE™ FLANGE.)

BRACKETS AND SUPFPORT PAD WLLDMEITS

THE DESIGN FOR ALL LOADING CONDITIONS INCLUDING
THE HYDROSTATIC TEST CONDITION OF THOSE PORTIONS
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
STRESS IN TENSION EQUALS .6 Sy, ETC.

PAGE I3
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SECTION VIII - DIVISION 2 PRESSURE VESSELS

Fig. 5-110.2
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- NTF OPERATICIAL PROFILE
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OPEKATIONAL PROCEDURES

FOR
MINIMIZINIG MOISTURE 1IN

THE NTF



NOTE:

N

ORIGIN

AL PAGE Ig
R QUALITY

INDEX

CASC A - CONSTRUCTION PHASE

CASE B - INITIAL STARTUP AND COOLDOWHN

CASE C - CRYOGENIC CONDITIOQN»====>AlMBILIT COMDITICN FOR

CASE D -~

CASE E -

CASE F -

OTE:  Man
rea

ENTIRE TUNNEL ACCESS—==2=*= CRYOGENIC CONDITION

1. Weekend, annudl, and as required inspections.
2. Repair and maintenance as required.

3. Ambient test following a cryogenic test.

4. Cryogenic tests.

CRYOGENIC CONDITION wewew==2e AMBITHT CQIDITION FOR

TEST SECTICIT AND DPLERUM ACCFSE QLY == S« QRY(ORTIIC

CONDITION

1. Model modifications/changes during recearch test
programs.

2. Inspection, repair, and maintenance of test
section, plcnum, and model support apparatuc
as required.

CRYOGENIC CONDITIQON w-w2¥= MODL. ACCESS THROUGH
MODEL ACCLSS HOUSING ====—<= CRYOGEMNIC CO:DITIC:

1. Model adjustments during research test program.

2. Model inspection, repair, and maintenance as
required.

AMBIENT CONDITION FOR ENTIRE TUNNEL ACCESS A=
ANBITMNT TLEET e o= AMPBTVNT CO'DTTION FOR ENTTRE
TUNNECL ACCLS

1. Ambient tests.

2. Model change/modification/adjustment during
research test programs.

3. Inspection, repair, and maintenancec as requirced.

(TBD) indicates that a number is to be determincd.

{.of these procedurces imply manual operations bnt in
ity will be automatic control operations.
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DESCRIPTION OF PROCEDURES

1

CASE A - CONSTRUCTION PHASE

During the construction and installation phascs it is hlghlv
improbable that the tunnel shell interior and the insulation
system can be completely protected from humid environments.
It is recommended that once the shell is complete and
installation of the insulation commences, all tunnel shell
openings to the outside environment be closed :nd work occur
through only those accesses ezposed to the environment inside
the bulldlng (such as the test section) which is conditioned
by air conditioning and heating. It is recommended that
relative humidity of this conditioned envirocrnment not excce'l
about 50 percent. This will prevent the insulation, upon
being installed, from eyperlenc1nw the very high relative
humidities often occurring in the Tidewater area.

ORIGINAL PAGE IS
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CASE B - INITIAL STARTUP AND COOLDOWN

1.

2.

10.
11.

12.

Close and secure all tunnel accesses (including
exhaust valve).

Open vacuum system valve and evacuate tunnel to about

83 psia pressure.

Close vacuum system valve and backfill tunnel to about
one atmosphere with dry heated air.

Repeat steps 2 and 3 until tunnel dewpoint is down
to about 435°R. During this time maintain tunnel
stream temperature above dewpoint temperature.

Open vacuum system valve and evacuate tunnel to about

8.3 psia pressure.

Close vacuum system valve.
Start fan and operate at minimum speced.

Open LN, valve and inject an into tunnel at low mass
flow rate.

When pressure increases to abcut one atmocpher =, open
exhaust valve to maintain constant prescure in order
to purge system.

Never allow stream temperature to exceed 635°R.

Purge system by maintaininy constant prescsure for at
least (TBD) hours with a stream dewpoint
temperature of below 420°R.

Maintain stream temperature above dewpoint of gtream
until dewpoint temperature decreases below 380 R

and stream oxygen level less than ___ (TED) percent by
volume,

Att.in test conditinns by controlling LHZ flow rate,
fan speed and pressure.
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CASE C = CRYOGENIC CONDITION =====f3e AMBIENT CONDITION FOR
ENTIRE TUNNCL ACCESS =====--T== CRYOGLENTC CONDITION

I.  CRYO TO AMBIENT
1 Close LN2 inlet valve.

’ 2. Operate fan such that streamois heated and
maintained at about ___ (TBD) R for at least

(TBD) hours to warm tunnel interior.
Maintain tunnel pressure at about one
atmosphere.

3. If at end of a week, shut off fan and allow tumnnel
to warm up over weckend without opsning. Assure
that exhaoust valve is closed.

4. If not at end of week, continue heating tunnecl
© as in step 2 until liner and insulation considered
sufficiently warm for opening tunnel.
S. Shut off fan and close cxhaust valve.

6. Open vacuum system valve and evacuzte tunncl

to §.83(@#¥ psia with vacunn systen.

7. Closc vacuun syctem valve and repreccurize
tunnel to about one atmosphere with dry, heated
air.
~ , 8. Repeat steps 6 and 7 until oxygen level in tunncl

is at least 20 percent by volume.

9. Open doors to tunnel and perform inspection,
repair and maintenance as required. During
this time maintain oxygen level at 20 percent
or above by volume and air temperature above
S00 R by maintaining a positive pressure
in the tunnel with dry, heated air.

10. During any time the fan is not turning and thc
tunnel contains dry, heated air, maintain a
positive pressur~ in the tunnel with the
dry air.

ORIGINAL PAGE IS
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II.

AMBIENT TO CRYO

1.
2.
3.

Close and secure all tunnecl accesses.
Close dry air inlet valve. .

Open valve to vacuum system and evacuate tunnel
to about®3 psia. Close vacuum system valve.

Start fan and operate at minimum speced.

Open LN, inlet valve and inlet LN2 at low
mass £13w rate.

Open exhaust valve to maintain pressurc at about
15 psia. ' :

Maintain stream tempcrature above dewpoint of
strgam until dewpoint of cstream decrcascs below
380 R and oxygen level decrcases below ___ (TBED)
percent by ‘olume.

Never allow streain temperatursz to ewcsed €

A.tain test conditions by controlling LN, mass
flow rate, fan speed, and prccsure.

ORIGIN AL PA
UF POOR QUAL%-IYS
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CASE D - CRYOGENIC CONDITION ===~ AMBIENT CONDITION FOR

II.

TEST SECTION AND PLENUM ACCESS ONLY ot
CRYOGENIC CONDITION

CRYO TO AMBIENT
15 Close LN2 inlet valve,
2. Close exhaust valve.

3. Shut off fan.

4. Close and secure gate valves.

5. Relieve plenum and test section of pressure to
one atmospherec through plenum pressure control
valve.

6. Purge plenum and test section with (TED) lbes par

second mass flow of dry, heated air until oxygen
content level reaches at least 20 percent by volune
and until metal surfaces to be contacted warm
sufficiently, depending on work to be performed.

74 Adjust dry air inlet mass flow rate as required
in order to maintain a __ (TBD) psia positive
pressure, an air temperature of above 500°R,
and an oxygen level of at least 20 pcrcent by
volume while working in the test section and
plenum volume.

8. Perform work as required.

AMBIENT TO CRYO

1. Close and secure test section and p]onﬁn doors.

2. Close dry air exit and inlet valves.

3. Open gate valve bypass wvalve and pressurize plenum
and test section with cold GN2 from tunnel.

4, Open gate valves.

5. Start fan and slowly'increa:e speed.

6. Attain test conditions by controlling LHZ flow

rate, fan speed, and prescure.

ORIGINAL VAGE I8
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CASE E - CRYOGENIC CONDITION == MODLCL ACCLSS VIA MODLL
ACCESS HOUSING ——————w= CRYOGENIC CONDITION

IT.

CRYO TO MODEL ACCESS HOUSING INSERTION

¥
3.
3.
u.
5.

10.
MODEL

S.

7.

Close LN2 inlet valve.

Close exhaust valve.

Shut off fan.

Close and secure gate valves.

Relieve plenum ahd test section pressure to one
atmosphere through plenum pressure control valve.

Condition model access housing tubes with warm,
dry air.

Open plenum and test section doors.

Insert and seal model access housing tubes.
Circulate warm, dry air through housing such that
oxygen level is maintained to at least 20 percant
by volume and temperature maintained above 500 R.
Perform medel adjustment/inspection ac requircd.
ADJUSTMENT/INSPECTION TO CRYO

Close doors to housing such that dry air
environment in housing is maintained once
personnel are evacuated,

Retract housing tubes.

Close and secure test section and plenum doors.
Open gate valve bypass valve and pressurize
plenum and test section with cold GN2 from
tunnel.

Open gate valves.

Start fan and slowly increase speed.

Attain test conditions by controlling LN,
flow rate, fan speed, and pressure.
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CASE F - AMBIENT CONDITION FOR ENTIRE TUNNEL ACCESS el

I.

II.

AMBIENT TEST e=me=-2== AMBIENT CONDITION FOR LNTIRL
“TUNNCL ACCESS :

AMBIENT CONDITION TO AMBILNT TEST

1.
2,
3.
4.

5.

Close and secure all tunnel accesses.
Close dry air inlet valve.
Start fan.

Attain test conditions by controlling fan specd,
cooling coil water flow, and pressure.

Perform test.

AMBIENT TCST TO AMBIENT CONDITION

1.
2.

3.

Shut off fan.

Open dry air inlet valve to maintain positive
pressure of (TBD) psia in tunnel.

Before ‘entering tunnel, assuro that ozygcn
content is at least 20 percent by volum~ and
temperature above S007R.
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_Z’A_

It was assumed that the 304 stainless steel thermal stresses would be the
same as the 9% nickel thermal stresses. Revised thermal stresses affect
only two general locations in the tunnel with a >50-year life requirement.
These locations are (1) reinforcement around the 9 x 12 openings and (2)
all external structural vacuum and support rings. The peak surface
stress used in both 9% nickel and 304 stainless steel designs was 26 ksi
for a "temp-mat" insulation.

For 9% nickel, a thermal gradient stress of 11.3 ksi and a worse case
thermal profile of AT = 40°F from top to bottom of shell would yield

an additional very conservative (based on 1iquid ;[noling analysis)
stress of 12.0 ksi. Calculations have indicated the AT might really be
20°F and the liquid pooling analyses is too conservative; however, the
difference of 23.3 ksi rather than the 26 ksi would provide a minor gain
in life for 9% nickel.

The attached sheets show the average thermal _expansion coeffificents
would be 5.5 x 10-6 (9% nickel) and 7.3 x 106 (304 stainless steel).
The calculation of the ratio of these coefficients times the ratio of
the moduli of elasticity times the 23.3 ksi 9% nickel thermal stress
provides a 304 stainless steel thermal stress of 32.0 ksi. The life
impact on the 304 stainless steel shell due to the 32 ksi stress rather
than a 26 ksi stress is as follows: (1) 9 x 12 openings reinforcement,
48 years rather than the previously reported >50-year life; and (2)

all external vacuum support rings, 46 years rather than the previously
reported >50-year life.

The new baseline "Rohacell" insulation practically eliminates thermal
stresses for either 9% nickel or 304 stainless steel shells. TA ¢,

new B‘Se/"’f Iﬂ:«/a#xoq /75 a 4/0_,(35/ C'C// MQ'A"/‘/,
NA/CA chd/"LS /o /zIH;/»)? ‘//)c 72’,:')’,%&/ s'}lrtflcs
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Selected Thermal Propertics of Some Steels

TR Nickel Steel
Thermal Expansion Coefficient
00 +200°F G1S210°%in./mn./°F
Thermal Conductinity
=150°'F (mean) 214 Btu’in. 'he. /N1 °F
+68°F (mean) 253 Bty.in. ‘hr. H1/°F
+200°F (mean) 270 Bty in. -hr. 112/°F
Specific Heat
=150t -80 0.798 Bty Ib./°F
480 to - 1000 F 0.147 Bty Ib. :F
9% Nichel Steel
Thermal Expansion CoeMicient
At room temperature 58210 . n."F '
30000 F(avg) $3x10%n. . -°F i
-300to - 200 F (avg.) 56210 %in. m..'Fjé.‘_s_'.'.g.’
at- 300 F 40210%in, i °F !
Therma' Conduztivity ‘

"-320F 91.3 Bty in. hr. f12.°F
-z 150 F 169.0 Bty n. hr. 112/°F !
-8 F 129.0 Bty n, hr. 112, °F i
-200 F 209.0 Bty in. hr. 112 °F i
Specific Meat I
~32000-80F 0.087¢ Bty Ib. F (avg.) s
~2010 -700 F 0.119 Bty Ib. F (avg)

304 Stainless Steel

Thermal'€apansion Coeficient
<3210 L212°F
-300 to -79 F (mean)

96x10°%in. n.*F
7.3210-%n_un_'F

=70 t0 - 1000 ¥ (mean)

100x10-%n. in,, °F

at-300F 59210-%n. in.,°F

Thermal Conductivity :
~30F $6.4 Bty in./hr. 112/°F :
-155F 99.0 Bty n. hr. ft2 °F :
-N0F 11308Btw in. hr. 112, F |
~600°F 1200 Bty in. hr. 12/°F i

Specific Heat !
-320°F 0.037 Btu it /*F (avg.) .
-150 F 0.088 Btu 1b. F (avg) A
4+ 80F 0.120 Bty Ib. °F (avg) J
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304 STAINLESS STEEL LIFE CYCLE for a "Cohacell”

Trsulatron
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