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Report No. 2639

ABSTRACT

After the dict intermal coafiguration and performance was established by the
Various scale wodel test programs (REON Report 2678) several design approaches
for the duct were generated and evalumied. A design concept was selected in
scordination with SHPO-C and was the basis for prelimimary design of the NES
duct for ETS-1.

The besic decizions made at this time concermed:
Seiection of :>ciant channel configurations for each duct section.
Selection of materials, and
Selection of btasic fabrication techniques.

This report is prepared in partial fulfillment of subtask 3.1 of

Contract SKNP-1.

P Maypper o
W. D. Stinnett -
REON Technical System Manmager
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Report No. X%

This report presents the conceptual design amalysis for the ETS-1 KERVA
Exhsust System Duct leading particularly to (1) selection of the material to be

used for comstruction of the duct, and (2) the geometry of the coolant passages
used to conduct heat from the interior of the duct, thereby iimiting interior
metal temperatures to acceptable maxima. The report is subaitted in partial ful-
fi{llment of Task Item 3.1 of the SWP-1 contract.

This conceptual analysis is based largely on the results cf a concur-
rent scale-model test program. A mechanical design effort was comducted along
with the scale-model test program to relate the test program directly to a design
configuration. Evaluation and study covered various possible concepts, fabrica-
tion techniques, handling methods, coolant passage designs, and materials of
fabrication, all within the existing ETS-1 facility limitations and operational
sestrictions.

This sechanical design effort also related the tested scale model
hardware to the full size geometry of the NES duct and was concerned vith material,
stres_es, ease of fabrication, and heat transfer requirements. Studies were made
of a number of potential coolant passage geometries. Specific materials and re-
sults are discussed in this report.

B. PURPOSE

This report presents and summarizes the design concepts and early analyses
iemrding to selection of botn the coolant channel configuration and the fabrication ma-
terial. The results of this program were the basis for the preliminary design
presented in AGC Report No. 2630, NES Preliminary Design SST-2 Duct. Analyses are
concerned only with the duct itself, not the truss, handling irailer, instrumenta-
tion, or special mechanical details.
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I Introduction, B (cont.) Report No. 2699

The scale model test program had earlier determined the shape of the
duct and the intermal dimensions. However, consideration of fabrication, assem-
bly and ben?ling dictated minor deviations to the selected internal geometry which
were incrizoruted into the final duct profile (Pigure 1).

c. CORCLIJSIONS

The concepts and analyses outlined in this repcrt resulted in a firm
basis ®or the NES (ETS-1) duct preliminary design. The following decisions were
agreed .oon si a SYPO-REQN meeting on 7 May 1963.

1. Tre exhaust duct asseably will be comstructed of type 347
stainless steel.

2. The primary and secondary ejector portions of the duct will
have smooth inner walls and cooiant passages constructed of formed shest metal

angles.
3. The 90 degree elbow section of the duct will be constructed
cf circular tubes welded together.

Page 2



NOTES.
I.ALL DIMENSIONS ARE MULTIPLES OF D
2.DIAMETERS ARE INTERNAL
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Figure 1. ETS-1 SUBSONIC TURN EJECTOR SYSTEM




Report No. 2699

II. APPROACH
A. BASIC GROUND RULES

The basic ground rule was to establish one design concept which would
constitute the basis for preiiminary design of the NES duct for ETS-1. The
schedule for prelixinary design allowed that only cne concept could be pursued
with sufficient detaill to qualify it for the final design activity to commence by
1 October 1363. Therefore, afier design concepts were generated, they were reviewed
for consistency with respect to the gross heat transfer, process water system,
stress, fabricating, related experience, and engineering Jjudgment consideiations.

A review wvas then held vith SNPO-C at vhich time the design was selected. Some
of the desiin concept ground rules are listed below.

1. The auct will have the configuration as established by the scale
model testing programs.

2. Mcdifications of this configuration because of mechanical design
and fabrication practicalities would not compromise t'< aerodynamics and heat

transfer performances.
3. The duct must be self-draining.

' The duct is to have a minimum number of secticns comsistent with
the capabilities ¢f the water feed system at the ETS-1.

5. The duct is to have a severance nlane between the vertical
(diffuser) and elbow sections.

-

9. The exhaust duct as ;embly will be manuaily assembled and
installed in the ETS-1 vault and remotely disassembled and remcved.

B. ANALYSIS AFPROACH

1. The Basic Problem

Earifer scale model tosts showed that the severe heating rates
encountered from the engine exhaust temperature would be the major design problem.
Heat from the exhaust gases is conducted through the inner duct wall and transferred
tc the cooling water. In order to evaluate the efficiency of the heat transfer

Page 3



II Approach, B (cont.) Report No. 2699

characteristics, the inner wall thickness, material thermal conductivity, and
velocity of the coolirs water must be determined.

Solutions to the heat transfer problem impose serious structural
design problems on the system. The selected design is considered to be the best
compromise between the heat transfer and stress problems. Since nuclear radiation
level: will be very high, the basic materials used in the duct design should have
characteristics vhich will minimize the induced radiation. Radiation studies
indicate that highly radicactive materis s will be discharged from the engine during
firing and a portion of them will plateout on the duct. Therefore manual repair
or handling of the duct immediately after such a firing is not anticipated.

2. roach
a. Heat Transfer

A scale-model test program was ccnducted to establich a
duct configuration which will operate wi‘hin existing ETS-1 design limitationms.
This program not only defined the duct configuration and irnternal presscore profile,
but aiso established the surface heating rates, Mach numbers, velocities and shock
structure. This was achleved by constructing and instrumenting a one-eighth scale
rodel duct which was then subjected to a series of hot-flow tests. All of the heat
transfer and gas dynamics data are calculated for the scale model tests. Scaling
laws have been established to extend the scale test data to the full size duct.

b. Mechenical Siress

Analysis of the coolant passage geometries and specific
materials were conducted to cover both the anticipated mechanical loads caused
by pressures, dynamics and the structural weight, as well as the thermal stresses
from the temperature gradients which exist in the inner duct wall. The “hermal
stress studles involved analysis of plastic material behavior, fatigue characteristics
and a comuted cyclic l1life of the structure.

c. Radiation Effect .

Studies were cond ..ted to determine the effects of nuclear

rediation on tb~ exhaust duct and structure, and particularly to determine the
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II Approach, B (cont. ) Report No. 2695

activation levels caused by the fission products plateout which will occur during

a nuclear engine firing.2 It would be desirable for the activation levels of the
system to decay rapidly to sllow inspection, handling or repairs to be made within
a reasonably short time after a firing. Analysis showed, however, that the platecut
level would be many times that which could be tolerated; therefore the radiation
half-1life of the basic structural material became less important.

Preliminary studies were zlso made of the destructive
effect of particles ejectel from the reactor core and impinging on the inner duct
wall. This was an analytical study and no tests were wade to verify the size,

mass, or velocity of impacting fragments.
d. Materiais

Materia.. were evaluated from a variety of characteristics.
These included *hermal conductivity, short radiation half-life, cost, ease of
fabrication, ductility, resistance to fatigue cracking, corresion resistarnce, and
strength at elevated temperatures. The list of potential materials incl+ les

aluminun, copper, mild steels, stainless steels and several high nickel alloy steels.

Each of the materials groups were separetely evaluated and
the mnst promising cf each was selected for furthes consideration. In this way,
one high nickel alloy, one stainless steel, >ne copper, one mild steel and one
aluminum materisi ~ouid re realistically corpared. In the evaluation it was neces-
sary tc propare design concepts in order ts determine the wall thicknesses required
to maintain wall temperatutes within acceptable limits. The designs could then

be evaluated for 1elie%ility, fabrication ease, and structural properties.
e. Fabriration Techniques

The study of fabrication techniques centered arcund the
develupment of a ccolant passage configrration most adaptable to the thermal and
sechanical stresses to which it would pe subjected. A number of possibie con-
figerations were developed, most of which had been used in similar applications.
As the evaluation progressed it became apparent that the most acceptable designs

fell inte two basic categories. The first is the doubl=-~well arrangement with
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II Approach, B (cont.) Report No. 2699

longitudinal partitions; and the second is the tur configuration. In analyring
the design from a febrication stendpoint, esphesis was placed on developing the
most promising design for each categcry. This involved consideration ¢f material,

fabrication, heat transfer, and stress factors.
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Repcrt Bo. 2699

III. DESIGH ABALYSIS
A. INTROUCTION

A meeting was hel2 at SR20-C on 7 May 1963 to reviev the proposed duct
material, cooiant passage configuretion, and fabrication pic.edures 1ar the ETS-1
NES duct. The purpose of the meeting was to select a siagle choice of materieis
and a coolant passage condiguration as a basis for the preliminery desigrn of the
NES duct for the ETS-l.

B. HEAT TRANSFER

i. Investigations

Five subsonic turn ejector systems wvere flow tested ¢t~ <riablish
the most favorable duc. intermal geometry. A subsonic turn ejector system
(SST-2 design) was chosen for the ETS-1 MES duct system. This system demonstrated
superior capabilities in the hest transfer performance required for this
application (Figure 1).

The selection of the NES duct construction meterial required an
evaluation of heat transfer capabilities as well as strength retention properties

at elevated temperatures.

A comparison of thermal candu-tivitiez and operating temperatures
ani water flow requirements were made for the materials under evaluation. These

are tabulated below. 3
% Water Flov Max. Gas Side Thermal _Conductivity

Material Requirement Wall Temp. (°F) (Btu/ft°-hr-CF-ft)
a. Hastelloy C 92 1300 10.58 (at 1300°F)
b. Staiuless Steel (347) 100 1100 12.80 (at 1100°F)
c. Aluminum 5454.0 123 400 77.30 (at room temp.)
d. Copper 131 325 195 (at room temp.)

The tabulation indicates that the water requirements increase
for alw:inw: and croper (28 percent and 31 percent respectiveiy) and decrease
cor Hastelloy 7 {8 perceni) using stainless steel as a rererence, 100 percent flow,
egual to 32,002 GPM for the duct. The thermal stresses are expected to decrease
from Hastelloy C to copper. The thermal stresses are primarily related to the thermsl
conductivities of these materials and secondarily to the resulting expected maximum
gas side wall terperature. (The higher the wall temperature the lower the heat flux).

Page 7



*IY Design Analysis, B ‘cont.: Report No. 2496

2. Cxlant Pessage Ceometiry

Th: ree Y, -7 the scale-model hea? iraasfer test were usel in

the study tc define ine coolant passage gecmetry.

The terperature rise ani pressure drcp of the cacling water Ip
passing thrcugh & particular juct secticm musy nct sllow the wvater, under nsrmil
roerating conditiors, tu usleste by boliling and the outlet stale =ust prevent
vaper flashing in the d>wistrea= valrves.

Secause 5f the “rerval siress Induced in the irternsl duct well
by the engine exhaust gases, a ~enruirement was sstablished uherein the corlam

rassage radial spacing should nct exceed one inch.

UIsing this criterion, the coolant passage configuraticas con-
sidersd for this study ere {a) rectangular cooiant passage (smooth ianer wall)
ant {v) tubuiar coolant passage. A heat transfer computer program wvas used for

anaiysis, usi the folicwis round rules ari assumptions for btoth concepts.
y ng ag ?

a. Metal wall thickress = $.095 in.

b. Maximur outlet water temperature (bulk) = 13C°F {~ver-
insi, FeFv = 1)

O 7 . -
. Maxirum sutiet vater temperature (bulk}! = 1:F {nominai,

FeFv = G}

d. Liquid side wall temperature less thar. the saturation
temperature corres-onding to locel static pressure

e. Water inlet pressure = 150 psis minimum

£. Water inlet tempersture = 55°F nominal

g- Material, tvpz 347 stzinless steel

The primary ejector duct was divided in two sections, the prirary
sectior and the elbow section, allowing four menifuids for the structural system.

The cnciant inlet and outliet stations for the twd sections are as shown below:

Inlet Station QCutlet Station
Primary Section 458.1 Q
Eltow Section 468.1 717.91

The analysis yielded the following data for the two designs:
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IiI Design Analysis, R (cont.)

Report ¥o. 2699

K.  Pectangular Coolant Passage Comcept (T, () = 11 10°F at
F F D
1 c‘aF gt
FF =1
-} 3 ;
(i} Gecmetry (Internal Mimeasions) G‘s Sidz ll op (M
Section Station Height {in.) Width (ia.) v ; i
- - - p
'
Prizary %8.1 0.842 1.C 715 1133
Primary 3u8.5 1.156 £.533 685 1545
Pricsry 12.5 1.081 C.Tis T6C 1120
Elbow 858.1 C.515 1. 535 1205
Elbow T17.91 .561 0.551 700 1025
Tte above data are tgsed on 1535 channels in both Zectioms.
{2) Coolant Data
{a) Bulk Texeratires (zb)
irlet Outlet
Frisary Sectice {FeFv = 0) &°F ix7°%
(FePv = 1.0) 85°F 17°r
Elbov Section (FeFv = C) 85% 153°F
{FePv = 1.0) 25°p 179°F
(b) ater Flov Rate
Primary Section 1200 ib/sec
Elbow Section 1250 1b/sec
(c) Velocity
Pricary Section - Inlet 1T-4 ft/sec
Constant diemeter section 23 ft/sec
Outlet 19.3 ft/sec
EZlbow Section - Inlet 25 ft/sec
Outlet 40 ft/sec

(d) Section Pressurc Drop ‘elevai:-n head

not considered)
Primary Section (FeFv - 0)
{FeFv = 1.

A Y
o}

" = 32.2 psi

AD L D pst
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III Design Amalysis, B {cont.) Report No. 2693

Elbow Section {FeFvy = 0) &P = k5.1 psi
(FeFv = 1.0} AP = 42 psi
b.  Tubular Coolant Passage Concept (T = 1180°F at FeFv
ve(max) ~ 1300% at PeFv

(1] Geometry {number and size oZ tubes)

Primary Section - 156 - 1-3/8 in. OL tubes
Elbow Section - 231 - 15/1i5 in. OD tubes

The tubes are circular at the inlet.

(2) Coolant Data

{a) Bulk Temperatures ('tb)

Inlet Gutlet
Primry Se~tion (FeFv = O) 85°F 156°F
(FePv = 1.0) 85°F 176°F

Elbow Section (FeFv = 0) 85°p 15"
(FeFv = 1.0) 85°r iTT ¢

(v) Water Flow Rate

Primary Sectiom 1500 1b/sec
Elbow Section 1550 1b/sec

{c) Velocity

Inlet - 19.7 f*/sec

Constant Diameter Section -
26 ft/sec

Outlet - 22 ft/sec

Primary Section

Elbow Section Inlet - 35.% ft/sec

Outlet - 47.5 ft/sec

(a) Pressure Drop (elevation head not considered)

Primary Section (FeFv = 0) AP = 32 psi
(FeFv = 1.0) AP = 31 psi

Elbow Section (FeFv = 0) AP = 59 psi
(FeFv = 1.0) &P = 38 psi
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III Design Analysis, B {comt.) Report Ko. 2699

The gas 5« wvall temperature ('r'g) versus duct station number and the duct wali
temperuty': versus wvall thickness are showm in Figures 2 and 3, respecliveliy.

3. Effect on Design

.. Materials

Copper and aluminum both have high thermal conductivities,
whi~h in ¢t is application would result in low thermal stresses. However, for these
mar.vials o wvithstand the mechanical loeding caused primarily by the coolant pas-
sage vater pressure and the intermal engine exhaust gas pressure, the operating
steady’ state wall temperature must be limited to 100°F. Increasing the tempera-
turc above 400°F deteriorates the structural strength at an increasing rate, pro-
viding littie margin for safety. Additional disadvantages of these two materials
are, th-ir greater pctential deformation occurring during operation because of
their lcwer creep resistance, and the increased vater requirement necessary to ob-
tain the desired wvall temperature requirement.

The nominal operating wvall terperatures for Hastelloy "C"
and 347 stain.ess stee’. are 1300°F and 1100°F respectively. Although the thermal
conductivit.es of these materials are substantially lower than those of copper or
aluminun, the effect is to decrease the wvater flow rate because Oof the higher allcw-

able wall teperatures.
b. Geometry

“he results of the heat transfer study for the rectangular
and tubular configu--%ions, indicate that either design could be utilized.

C. MECHANICAL STRESS

L. Static Stiesses

A mechanical loading study was conducted for evaluation of the
cools .t passag: geometr.,. The analysis considered only the two main contributors
of the induced mectinical lomding. They are (a) internal conlant vater pressure,
and {)) extern~1 embient gas pressure. The static load of the wvater weight was
considers? jegligible in this analysis.

Page 11



Tug (°F)

1500 —

TYPE 347 STARLESS
STEEL

—_—Z \— RECTANGULAR INE.
e ]
J 1
° 100 200 300 400

STATION lin.)



<t

[
== )
S —~—
| 7 RECTANGULAR
é-_:.

a4
7
/

INLET MANIFOLD

t

600

700

Figure 2. ETS-1 NES PRIMARY EJECTOR
SYSTEM S5T-2, TEMPERATURE
OF GAS WALL (T_) VERSUS
STATION g



1100 I 1 I
F. " ‘0
1000 Twga 300°F - 73
TYPE 347 STANGLESS STEEL / .?
900
:
-4 800
-d
«
t 4
(-
<
]
3 700
z
[ ]
[ 4
| ]
-
&
e e00
a
3
[ ]
-
p™ |
P |
<
t 4 $00 |
400
300
200
0 b
0 003 0.07 0.09 oM o

WALL THICKNESS (in.)

Figwe 3. ETS-1 NES PRIMARY EJECTOR
SYSTEM SST-2, WALL TEMP-
ERATURE DIFFERENCE VERSUS
WALL THICKNESS



III Design Analysis, C (cont.) Report No. 2699

The results of this study indicated that in both coolant passage
configurations, the internal gas-heated wall would only sustain the cooling water
pressure. The external compressive ambient pressure for the rectangular configura-
tion would be sustained by the cold outer wall and, in the case of the tubular
passage arrangement, circunferential support rings would have to be provided to
carry these loads.

2. Dynamic Stresses

The mechanical stresses caused by gas and water dynamics are not
extreme and, in the case of stainless steel, the loads are compatible with the

thicknesses required for proper heat transfer.

3. Thermal Stresses

A thermal stress analysis vas initiated based upon the results of
the heat transfer scale model testing program. The thermal gradient occurring in
the stainless steel duct wall during engine operations was defined. This analysis
shoved that the thermal stresses developed would cause the 347 stainless steel to
cperate in the elastc-plastic range, thus resulting in some permanent deformation.
It wvas found that this deformetion limited the cyclic operational life of the final
product to approximately 10 cycles for both coolant passage configurations. The
condition is less prevalent in stainless steel than in & high-nickel alloy such as
Hastelloy "C."™ Use of copper or aluminum would decrease this problem to some degree,
but their allowable stresses at operating temperatures do not permit sufficient
margin of safety when consideration of dynamic loading is introduced.

The weld connection joint between the tubular coc'ant passage
develops hinge loading stresses while at operating temperatwre. This condition
does not exist in the rectangular coolant configuration. However, further analy-
sis of this problem indicated that the tubular geometry should not be eliminated
for this reason alone; however, recognizing that a stress concentration may occur
in the weld connection joint between the tubular coolant passages, the thermal
stress studies favored the selection of the rectangular passage geometry for use
in the duct design.



I1I Design Analysis, C (cont.) Report No. 2699

4, Effects on Jdesign

The rectangular configuration is capable of withstending the
static and dynamic stresses without modification of its geometry. The tubular
configuration, however, regquires the addition of circumferential support rings
and a detail analysis ot the weld connection joint to attain the necessary structural
strength. When considering the coolant water pressure in conjunction with the
thercal stresces it was decided that 347 stainless steel was the preferred material
end that the radial spacing of the coolant passage should nct exceed one inch.

D. RADIATION

1. Considerations

The residual activation of the parent meterial which comprises
the NES duct and supporting structure was coasidered in the material selection
evaluation studies. If repair to the duct, instrumentation, or supporting struc-
tures was anticipated, then a low level of residual activation or a fast decay
half life material is desirable.

2. Effect on Desggg

A radiation activation study was conducted which predicted that,
during engine operation, fission product plate-out would fuse to the inside wail
of the duct. From this study it was found that the induced activation level caused
by plateout, is anticipated to be several times higher than that of the residuai
activation of 347 stainless steel. The residual radiation activation level after
an engine firing of the parent duct material does not therefore constitute a basis
for selection of the material for construction of the NES duct and support structure.

E. MATERTALS
1. Choices

A materials evaluation was conducted as part of the study of
coolant passage geometries. This study providea informetion for the heat transfer,
stress and design groups regarding the chemi~-zl and the physical properties ex-
hibited by possible candidate materials.
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IXI Design Analysis, E (cont.) Report No. 2599

Materials considered in the evaluation are the folicwing:

a.
b.

i.
-
k.
1.

m.

AISI Type 21C10, C1015, and C1018

Inconel "X" (see Table 1)

Hastelloy "C" (see Table 1)

Copper - deoxidizer high phosphorus (see Table 2)

Copper - oxygen free (see Table 2)

Stainless Steel - Type 304 Corrosion Resistant (see Figure

Stainless Steel - Type 30UL Corrosion Resistant (see
Figure Uu)

Stainless Steel - Tvpe 309 Corrosion Resistant (see Figure
Stuinless Steel - Type 310 Corrosion Resistant (see Figure
Stainless Steel - Type 316 Corrosion Resistant (see Figure
Stainless Steel - Type 321 Corrosion Resistant (see Figure
Stainless Steel - Type 34T Corrosion Resistant (see Figure
Aluminum - 5454-0

Mechanical, physical and fabrication properties shown in the en-
closed figures were extrapolated from the ‘Material Selector” issue dated October
1962, "Materials in Design Engineering."
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Table 1

HIGH KRICKEL ALLOY COMPARISON

Inconel "X"

Report No. 2699

Hastelloy "C"

Composition %

Physical Properties
Density 1b/cu in.
Melting Temp °F

Therm Coeff(10009F) Btu/nr/sq £t/°F/ft

Coef Taerm Exp (70-1600°F
Spec Ht {70-212°F) Btu/1b/C°F

Mechanical Properties
Mod of Elest Tension psi

Tensile Str psi
Yld Str psi

Fabrication Properties

Machinability
Weldability

Cost per 1lb

Availability - Sheet Size - in.
Delivery - Weeks

Cu .05, Cr 15.0
Fe 7.0, Al .75
Si .40, Ti 2.50
Mn .5¢, C .05 Cb
S .00T, Cb .90
Ni Bal.

.30
2540-2600
13

9.2 x 10-6
.10

31 x 106
162,000
92,000

Poor
Poor

$3.50
48 x 14k

Co 2.57, Cr

14.5 - 16.5, Mo
15.0 - 17.0, W
3,0 - 4.5, Fe

'4.0 - 7-0, Si

1.0, Mn 1.0, C .08
Ni Bal.

$3.70

48 x 144
10



Report No. 26

Table 2
COPPER COMTARISO¥

Phosphorus

Deoxidized

Composition %

Physicai Properties

Density, 1b/cu in.

Melting Temp Range °F

Therm Coeff (68°F), Btu/hr/sq £t/°F/f+
Coef. of Therm Fxp (68-5T2°F) per
Specif Ht. (68°F) Btu/1b/°F

Mechanical Properties

Mod. of E.ast. in Tension, psi
Ten. Str. psi - Annealed
Yld. Str. psi - Annealed

Fabrication Properties

Workability
Machinability

Joining

Soft Soldering

Silver Alloy Brazing
Oxyacetylene Welding
Carbon Arc Welding

Butt Resistance Welding

Cost per 1b

Availetility - Sheet Size - in.

Delivery - Weeks

Cuv .99 90 Min.
p 0.015-0.040

.323
1981
196
9.8 x 106
.092

17 x 106
32,000
10,000

Excel’ent
Poor

Excellent
Excellient
Good
Fair
Good

$.65

TL x 2y
3 -k

8

rZen
ee

323
1981
226
9.8 x 167
.052

-~
“~
~

17 x 100
32,000
10,000

Excellent
Poor

Excellent
Excellent
Good
Good
Good

$.70

T1 x 2Lk
3-4
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III Design Analysis, £ (cont.) Report &c. 2699

2. Discussion
a. Temperature Limits

A comparison of the operating temperature limits indicated
Yastelloy "C" is the best at 1300°F, 347 stainless steel second at 1100°F and alumi-
num and copper at 400? and 325°F, respectively. The water flow rate required to
maintaic these " per temperature limits vary irom 92% for Hastelloy to 131% for
cpper vitk Tiov for 347 stainless considered as a base -.¢ 100%. Aluminum requires
128% of the base flowv rate. Therefore, based on temperature capchilities, Hastel-
loy "C" and 347 stainlecs steel are the preferred materials.

v Streugtn

The following is » tabulation of the remamini»g materials
under consideration snd their strength capabilitics:
Creep Fatigue

Yiel2 Modulus of Resistance Resistance
Strength  Elagticity 10-hr Rupture psi for 198

Material psi 10° psi  Strength, psi _ Cycles

Hastelloy "C" 42,000 (at 30 (at 50,000 (at 40,000 (at
1500°F) ambient) 1300°F) 1;cc°=‘

liLtnless Steel - 34T 17,000 (at 29 (at 40,000 (at. 35, ooo (at
1100°F) ambient) 1100 °F) 1100°F)

Aluminum ~§54<0 15,000 (at 10 (at 20,000 (at 3,000 (at
40GOF) ambient) hoo°r-‘) 400°F)

Copper-decxidized high phosphorus 8008 (at 17 (at 10, 000 (at 8,000 (at
325°F) ambient) 325 °F) 325°F)

The tabulation indicates that Hastelloy "C" is the material
with the gr-atz2st overall strength with stainless steel a close seccnd. However,
b th aluminum and copper have extremely lovw fatigue resistarce which is a measure
of tue service life of the cduct and low rigidity as a result of a low modulus of

<lactieitv. In addition copper has a low yield strenzth.

c. Cost
The cost c¢f Hastelloy "C" v *han stainless steel;
the costs of both are higher than either .. -ppc - . a.
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a. Ease of Fabricatiion

Industry experience wvith Hastelloy "C" and copper is fairly
limited for this type of work, and fabrication difficulties can be expected. On
the other hand, fabricatior experience with both 347 stainless steel and aluminum
is extensive and the results predictable.

e. Radiation Compatibiiity

The radiaticn decay or half-life c¢f the materials varies
from approximately 10 days to about 25 years in the following sequence:

Rastelloy "C” 25 years
Stainless Steel 347 10 years
Copper 6 months
Aluminy= 10 days

f. tuctility

ite @ost ductile materials are alumimi» and copper. Hcw-
2ver, copper work hardens and icses its initial advantage. Hasteiloy "C" is the
icast ductile with 347 stainless si=el at a workable level.

- & Resistance to Corrosion

Hastelloy "C" and 347 stainless steel both have a righ
degree of resistance to corrosion. Copper and aluminum are also resistaat to pro-
gressive corrosion by formation cf a surface oxide seal. They are not, however,

resistant to surface corrosion.

z. Effects on Design

The alleuwgble cperating tcaperstiure of each material affects the
thickness required for heait transfer and the required flow rate of water. Although
the u.cfercnce in water riow is tolerable on the basis of available water, the
available head is questionable. The higher water velocity required to carry hesi
avay from an aluminum or c.pper wall would also increase the pressure drop ia a
duct section., In addition, tice structural strength cf aluminum and copper decreases
rapidly vith a small increase of temperature above LOOCF, leaving liitle margin of
safety.

The lower structural strength of aluminum and copper would re-
quire much thicker duct walls than would Hastelloy "C" or 347 stainless steel. How-
ever, the thicker walls would then rccult in a higher temperature difference between

Page 1&



II1 Design Analysis,E {(cont.) Report Fo. 2699

the duct inner wall surface and the coolant water surface. Since the coolant water
temperaiure is fixed by ambient conditions the duct inner wvall would be at a higher
+egperature resulting in a weaker wvall.

Since the strength of Hastelloy "C" and 347 stainless are much
greater than coppes or aluminum, the wall thickness can be substantially thirmer.
This makes it easier to control as to the cperating limits of these materials. Al-
though tire cost of aluminum or copper is lover than Hastelloy "C" or 34T stainless
steel, the discedvantages in strength outweign the cost consideration.

Resicuml activation of fissicn product plateout on the inside
vall ol the duct can Me expected to be many times higher than the residual activa-
tion level «f tize material ‘roms vhich the duct is constructed. regardless of duct
material. Therefore the activavicn decay charecterictic of tke material does not
affect the design of the duct. In order to form the thin walled passages, the rma-
terial must i duciile, and re=ein so is the fabricated copdition. This reguire-
ment eliminatea copper as a material but left the remaining three. Since corro-
sion could St only wveaken the structure but also lowver the heat ivransfer capability
of ~ke walls, & corrosiou resistant matelial is mandatory. Since Hasteiicy "C"
and 347 stainless steel both have a high degree of corrosion resistance they uere
boih considered for finmal design.

Zince cost, avaiisbility, and ease c¢f fabrication all favor 347
stainless stecl, it is greferred over Hastelloy "C."

A svmation Of these varicus metals and their physical character-

istics ratings for use in this appiication are outliined in Figure S.



MATERIAL SUMMARY CHART

Al Hast lcor S/S Cu
Heat Transfer G G G G G
Strength G G G G G
Fatigue Charocteristics] G G ] (] G
Cost? G e a ¢} G
Poarticle Peneiration G G 6 G G
Fabrication Problems [ e S G =

G - Good
@ - Not acceptabdle

Figure 5. MATERIAL SUMMARY CHART
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P, PABRICATIOR TECHNIQIES
1. Choices

Figure 6 shows the coolant passage ronfigirstion- which were con-
sidered for the ETS-1 exhaus: system au>t design. Heat transfer and stress studies
indicated that the specing of cooling channels should de one incl; therefore the
amlysis of Mmbrication procedures proceeded on that basis.

The possible configurstions vere sepavateZ (510 two basic cate-
gories. The arrangement of tubc> Jjcinted together wvithout a separate imner wall
represents one category. The other (termed rectangular) includes all arrangements
vhick nave a smooth inner wall.

2. Discussion
a. Tubular

Advantages of the tubular coclant passage geometry for his
application are:

(1) Coolant passage cross sectional area tolerance control
is minimized.

(2) Contour changes ~zquize less tooling.

(3) Requires less welding thzn other designs, therefore
tooling for duct concentricity is easier to control.

The disadvantages of the tul'lar geometry are:

(1) Alignmen: of =ating dn=t sections is difficult to
contrci.

(2) More difficult to make weld repairs.

b. Rectanguiar

The rectangular geome-ry selected from all those shown in
Trre { ic formed by a buildup of a series of formed angles welded to both the
inner sneil and tc =ach other. The angles are {uiuca =iva swanaard toolirg and

are constructed of standard gage sheet stock.
Advantages to the rectangular coolant passage design are:

(1) Ease of matching mating duct sections.

(2) Provides double wall, with increased structural
strcagth and rigidity.

Page 1’
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{3) Ease of waking weld repeirs.

Major disadvantages of this particular rectangular design

(1) Requires more welding per coolant passage with asso-
ciated distortion, weld repair and inspection.

(2) More difficult to comtrol coolant passage Cross-
sectional area.

(3) Pebrication is more difficult in areas where the
duct is turning.
C. Conclusion

Both tubular and rectangular designs have advantages;
neither carc be considered superior to the other. The choice of passage configura-
tion should be made on the basis of heat transfer or stress rather than simplicity
or ease of fabrication, since these are not decisive,

The tubular arrangement may be easier to fabricate in the
curved section of the duct, however this is dependent upon the experience of the
individual fabricator.
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IV. CORCLUSIONS

A. GENERAL

Decisions regarding tith materials anc coolant pessage design wvere made
Jointly by REON and SHPO-Cleveland on 7 May 1963. These decisions fors the tasis
for the preliminary design of the ETS-1 Duct.

As a result of the foregoing studies and the REON-SHNPO meeting, the
material to be used for fabrica.ing the duct and the design of the cooiing passages
vhich constitute the starting point for the preliminary design effort vere selected.
Although they represent a balance of features, the selected materials and cesigns
appear to offer a sound basis for a satisfactory design that would provide reasomable
assurance that the duct will meet its operatiomal requirements.

B. MATERIALS

The entire duct assembly will be coustructed of type 347 stainless
steel. It alsu appeers logical that the truss assembly will Se oOnstructea of the
same material.

Amalysis showed that stainless steels are generally superior to other
materials considered. S%ainless steels are attractive because of their high
strength at high temperatures, their fabrication techniques are well established,
their resistance to stress cracking, and their heat transfer and structural
characteristics whiah are predictable even after continued use. Of the entire
series of stainless steels, type 347 was selected for use in the preliminary design
because it can be welded easily and retains its strength at relatively high tempera-

tures.
C. COOLANT PASSAGE DESIGN

Analysis of possible coolant passage designs resulted in selection of
two basic gecmetries, one rectangular and the other tubular.

At the REDN-SNPO meeting, it was determined that the following coolant
passage geometries would be used for preliminary design:

1. The duct will be constructed in three separate sections,
(a) the primary diffuser, (b) the elbow and off-set cone, and (c) the secondary
ejector nozzles and secondery diffuser duct.
Page 20
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2. The rectangular configuration would be used in S:=ctions (i)
and (3).

3. The subscaic elbov sectiom (Sectiom 2) including the cff-set
cone, vill be constructed of tubes welded together. Welling will be on the inside
of the duct so that plateocut traps vill be ainimized.

The rectangular arrangemsent is more efficient from a heat transfer
stand-point, structurally stronger, and easier to fabricite on streight and
conical duct sections. It presents a smooth inner surface to the gas fiow, an
izportant feature in the supersonic primary duct section where ar abrupt change
in the surface could upset the shock system. There was a strong opinion that
the tubular arrangement may be eagier to fabricate :n the elboy and off-set
cone secticn. However, a backup Jjacket wili bYe required to prevent air leakage
into the elbow section caused by & possible separation of weldment between the
tubes.

Figures 1 a1d 7 sumzarize thc conceptual design ¢f the ETS-1 NES
duct for initiation of the preliminary design.
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COOLANT PASSAGE
SELECTED CONFIGURATIONS

3 .937 0.D. TUBE
_Q‘W 095 WALL

TYPICAL ELBOW SECTION 2

090

dl

— .40

090—-! 1.00—

—

TYPICAL STRAIGHT SECTION 183

Figure 7. SELECTED COOLANT PASSAGE CONFIGURATIONS
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