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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
_thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



. Introduction

The Space Station requires a high level of reliable electric
power. The baseline approach is to utilize a hybrid system
in which power is provided by photovoltaic arrays and by
solar dynamic power conversion modules. The organic Rankine
cycle (ORC) engine is one approach to solar dynamic
conversion. The ORC provides the attributes of high
efficiency at low temperature and compact simple designs
utilizing conventional techniques and materials. The heat
receiver is one area which must be addressed in applying the
proven ORC to long life applications such as the Space
Station. Heat pipes with integral thermal energy storage
(TES) canisters and a toluene heater tube are the prime
components of the heat receiver from the Phase B preliminary
design. This contract is a task order type addressing the
design, fabrication and testing of a full scale heat pipe.
The contract was initiated on April 16, 1987. Sundstrand
has specific responsibilities in each task. Los Alamos
National Laboratory (LANL) in turn has the prime contract
responsibility to NASA-LeRC.

Task No. 1 - Transient Tests with the Phase B Heat Pipe

The objective of these tests is the determination of the
operating characteristics and power input limits of the heat
pipe under conditions corresponding to reacquisition of the
sun during emergence from eclipse or conditions
corresponding to initial startup of the solar dynamic power
system. The heat pipe designed and fabricated under NASA
contract NAS3-24666 will be used for these tests.. The tests
will be conducted by LANL in a vacuum test facility. After
completion of these tests, the heat pipe is to be
disassembled, inspected and analyzed. Sundstrand's
responsibilities for Task 1 are:

1. Review LANL test plans.

2. Witness (at our option) and analyze all tests.

3. Witness disassembly of the heat pipe.

4. Upon receipt of the canisters from the
disassembled heat pipe, perform chemical and
metallurgical analysis on the canisters and LiOH
salt.

Task 2 - New Heat Pipe Design Fabrication and Testing

The objective of this task is to design, fabricate and
performance test a new heat pipe with thermal energy storage
and a simulated toluene heater. Structural analysis and a
random vibration test of the complete assembly are to be
performed. Performance characterization by test is to be
conducted before and after the dynamic testing. Sundstrand's
responsibilities for Task 2 are:



1. Design and fabricate flight weight thermal energy
storage canisters with a thermocouple well to
allow for monitoring the phase change material
temperature during testing. -

2. Review LANL's heat pipe*analyses and test plans.

3. Develop specifications of input heat flux and

design vibration spectrum.

. Design, fabricate, analyze and checkout vibration

test fixture.

Perform a random vibration test in each of three

mutually orthogonal axes.

. Witness and analyze heat pipe performance tests

conducted by LANL.

(o) T ¥ 2 " -

Task 3 - Endurance Testing

The objectives of this task is to perform a six-month
continuous thermal cycling test of the new heat pipe with
TES charge and discharge cycles corresponding to a typical
space station orbital cycle. Post test physical, chemical
and metallurgical analysis of the heat pipe assembly is to
be performed. Sundstrand's responsibilities for Task 3 are:

1. Review LANL instrumentation, test plans and test
data.

2. Perform post-test chemical and metallurgical
analyses on the canisters and LiOH.

Task 4 - Toluene Heater Tube

The objectives of this task, to be performed solely by
Sundstrand are: '

1. Design and fabricate a supercritical reverse flow
heater for use with toluene.

2. Modify an existing toluene flow facility to
accommodate testing and characterization of the
toluene heater.

3. Perform a series of tests to determine the heat
transfer and flow characteristics of the toluene
heater.

Task 5 - Reporting

Sundstrand's responsibilities are:

1. Prior to the initiation of any testing, submit a
’ test plan for the approval of the LANL Project
- Manager.

2. Support LANL at oral briefings at LeRC or a
location to be specified by the LANL Project
Manager.

3. Provide (8) copies of a written final report

giving each task objective, approach, design,
fabrication and testing details to LANL at the
completion of the total program.



II.

Technical Progress Summary
Overview

This report covers the period from 28 July to 27 August,
1987. fThe Primary activities were the fabrication of three
74.4 inch long LiOH canisters and a 72-inch long toluene
heater tube. The LiOH canisters were received by Los Alamos
National Lab on August 20, 1987. Additional activities
related to the heat pipe vibration fixture are also in
progress. Figure 1 shows the Sundstrand program schedule
and milestones.

technical progress report no. 1.

A test plan for an additional test was prepared by LANL to
measure the hydrogen permeation through the Phase B heat
pipe wall. A copy of the test plan was received and is
being reviewed by Sundstrand. The technical comments on the
test plan will be transmitted to LANL in the first week of
September 1987.

Task 2 - New Heat Pipe Design, Fabrication and Testing

Thermal Energy Storage Canisters:

operations. A secondary seal was EB welded to each case as
shown in Figure 2. After successful completion of the
secondary seal EB weld operation, the necessary weld
Preparation and cleaning operations were performed on the
mating cases. Three Sets of mating cases were EB welded
which resulted into three (3) full size (74.4 inch long)
LiOH TES canisters (See Figures 2 and 3). The final
radiographic examination of these weld joints were performed
by an independent inspection laboratory. The weld joints
met the NAS 1514 Class T (highest class) requirements. All
three canisters were received by LANL on August 20, 1987.
Figure 4 provides the weight summary of three LiOH :
canisters. A detailed fabrication procedure report of this
process will be prepared during the next reporting period.

Heat Pipe Vibration

A schematic describing the vibration fixture is shown in
Figure 5. The vibration fixture design activities were just
begun. The detailed vibration fixture design will be
reported next month.




Task 4 - Toluene Heater Tube (THT)

Thermal Analysis

»
A thermal standoff provides varying thermal resistance
between the outer tube heat input and the working fluid
flowing through the center tube. Two different geometries
were analyzed, a disc fin design (Figure 12) and a
longitudinal fin design (Figure 11).

Disc Fin Model

The conditions of (1) end of insolation, (2) end of eclipse,
(3) TES sizing, and (4) maximum insolation were run using
the disc fin model. An improvement in convergence was
achieved by solving all fluid nodes and center body
temperatures in a subroutine separate from SINDA. Results
are presented in Figures 6 through 9.

The THT design being fabricated is slightly different from
the preliminary design for the THT described above. Minor
modifications of the computer input data (fin thickness,
spacing, number of fins, etc.) enabled the fabrication
design geometry to be considered. The results of the ‘
analysis are presented in Figure 10. A reduction in the fin
gap from .275 to .195 decreases She temperature differential
between fins to approximately 20°F.

Longitudinal Fin Model

The thermal analysis of the longitudinal fin concept
resulted in a geometry shown in Figure 11. The plan is to
fabricate this design. No further thermal model analysis is
planned until the disc fin heater tube is performance tested
and the test results are compared with the disc fin math
model.

Fabrication:

Disc Fin Design

The necessary raw materials for the fabrication of the
72-inch prototype was procured. The thermal standoff
assemblies are shown in Figures 12 and 13. The heater tube
consists of seven thermal standoff assemblies having
different thermal resistances. The fin thickness, spacing
and number of fins for each thermal standoff assembly is
described in Figure 14. These thermal standoff assemblies
are in the brazing process for joining the fins and 1.000
dia. tube. The parts will be radiographically



examined after completion of the brazing operation. The
principal manufacturing operations prior to completion of
the 72-inch prototype heater tube include gun drilling,
welding, radiographic/ultrasonic, proof pressure and helium
leak check. The schedule delivery date for the disc fin
heater tube is October 15, 1987.

Longitudinal Fin Design

The .375, .500 and 1.000 dia. SS 316L tubes were procured
for the longitudinal fin heater tube. The strip materials
for the fins are ordered and scheduled to be received the
first week of September 1987.

The cross sectional examination of the braze samples
received from the brazing vendor was completed and the
results were presented in reference 1. The vendor was
requested to provide process improvement corrective actions.
The fabrication of the 72-inch long longitudinal fin heater
tube will proceed as soon as the vendor quotes are received
and reviewed.

Toluene Heater Tube Test Facility

Sundstrand received an authorization on July 29, 1987 from
LANL to utilize the existing toluene stability test
facility. The removal of salt bath from the existing test
facility is in progress. The horizontal fluidized bed
required as a heat source for the toluene heater tube test
was ordered on July 31, 1987. The scheduled delivery date
for the fluidized bed is September 30, 1987.

Program

The actual cumulative expenditures through August 15, 1987
are $225,615.00.

Work Planned for the Next Reporting Period

Task 2

o] Complete heat pipe vibration fixture design

Task 4

o Fabricate fuil size longitudinal fin and disk fin

heater tubes.

(o} Add bypass system on the therminol heat exchanger of
the test facility

o Receive fluidized bed



Reference:

1. 9-X6H-8102L-1 - Solar Dynamic Heat Pipe Development and
Endurance Test Monthly Technical Progress Report No. 2
dated July 27, 1987. »
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FIGURE 4

TES CANISTER WEIGHT SUMMARY

NO. OF FINS LiOH WEIGHT (GMS)

»

TOTAL WEIGHT (GMS)

001
002
003

425 4610 (10.15 LBS)
428 4630 (10.20 LBS)
425 4626 (10.19 LBS)

11,656 (25.67 LBS)
11,333 (24.96 LBS)
11,387 (25.08 LBS)
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FIGL.E 6 - DISC FIN MODEL, END OF INbuLATION )
THT TEMPERATURE VS LENGTH !
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FIGu«E 7 - DISC FIN MODEL, END OF ECL.PSE

THT TEMPERATURE VS LENGTH
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FIGURE 8 - DISC FIN MODEL, TES SIZING .
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FIGURE 9 - DISC FIN MODEL, MAXIMUM INSOLATION
[ THT TEMPERATURE VS LENGTH
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FIGURE 10 - DISC FIN MODEL, FABRICATION GEOMETRY

THT TEMPERATURE VS LENGTH
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FIGURE 12
THERMAL STANDOFF ASSEMBLY
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FIGURE 14

THERMAL STANDOFF ASSEMBLY
(DISC FIN HEATER TUBE)

]

DASH NO.  FIN SPACING  FIN THICKNESS _ NO. OF FINS
(INCHES) (INCHES)
R1 .195 .040 42
R2 .195 .050 41
R3 .195 .060 40
R4 .195 .070 38
RS | .195 .080 37
R6 .195 .090 35

R7 .195 .100 ‘ 22



PROGRAM:

CONTRACT:
REPORT

SUBMITTAL:

ACTUALS
THROUGH

DISK:CMAY
CMA-00159

SUNDSTRAND ADVANCED TECHNOLOGY
OPERATIONS

MONTHLY
FINANCIAL MANAGEMENT REPORT

SPACE STATION HEAT PIPE DEVELOPMENT

1LOS ALAMOS NATIONAL LABORATORY

9-X6H-8102L-1

September 8, 1987

August

PREPARED BY Zé;b%ﬂéﬁlgyéi-bbgj

APPROVED BY




INTWA LIVHINGD

NOISIAIQ NOILVIAY
NDILY404H0D GRVYLSONAS

W04 §

AHO

1¥40897 WROTIYUN SORVWY 507
YINYO4IWD J0 ALISHIAIND

. ]
t 000°0 1 96L°0 96L°0 1 04570 | 190°0 t 1900 1 210%0 400°0 i 8eeco 000°0 00070 i £80°¢ A R T/ + 01170 1 990°0 T334 % 1500 WDl
: H ' ' : ' ' ' ’ H : : ' ' i H
H H ' i i ' ' ) i i i : : { t H
' HE: ) i 1 110%0 1 ¥10°0 1 900°0 i 900°¢ 1 10070 : i 1 200°0 i £10°0 t 200°0 P ¥00°0 i 10070 i A sl
! ' ' ' H : i ‘ \ i K | H H i
H HIFA U 19870 H AL 161070  ¥00°0 1 000°0 + 00070 HE 18 4 ' 1 150°0 P bl 001°0 +2r070 1 L20°0 ' AT ISV
\ H H ' H i : i i H i : H H :
N i 950°0 + 950°0 1 9500 1 00070 t 25070  900°0 1 £60°0 1 ¥00°0 H i 100070 i+ 000°0 1 00070 i £10%0 1 0000 H 11T 354l
| i ! H i H | H H i ' i A i H
HA: /A LA A 1 291°0 H A 1 0000 1 000°0 1 00070 i 660°0 ' ' 1 420°0 L5100 AN 11500 11800 i 11 A5%l
H Hs I i 2800 ! 5£0°0 ~100%0 + 00070 10000 + 0000 1 6£0°0 H ' 100°0 110070 1 ¥00°0 + 00070 PI0000 - T As9L
! H i \ i ! i b | H H -1 i H i i i
: + {WS00Hd) ¢ ETERLTUOREN 2T FO ;TS S T 1" S R £:.) G } Y1861 % OINNVIA ¢ STWALIY ¢ @3NNYI 1 STORLDY AsuL
! PoooInTus b JIVKILSY |13 a1 ¢ 8B4l Ad 11 : I ! M H i U UE B 18/82/8 i 1snany H
} t 1OVHINGD § NDLOVHINOD! 3MWIL53 © JONVINVA | 40 30NVE! PM3LWUNG © cu3iuena THILNYNG ¢ GHANOM ¢ GHINOR © GHINOR 3 3190 01 WM + 40 HIKOW 9RIuRg ¢ A8 A¥UHHAS
1503 N3 QILVRILST i 3137dH03 01 1500 031VKILSI g i O3YYNONT 1500 | ANDI3LVD ONTLNO43Y
0s i 51945228 i 1NINOT3A30 3did LY3K NOTLVLS 3DUdS i 12V¥1INOD
- 0.03Y SINAd WIO) : Q377118 518y 30I0AKT 4 - *d3¥ LIVYINOD Q3ITHOKLAV: 40N 40 34005 4 40
- H NOI1d1¥2530
: 000°004$ i (877179 03140 ¥31i31  1-TWOIB-HIX-6 i 333 03x1d SMd 150D H
' NOILYLINIT GNMd i *DN ININQNIWY G3T1LINIS3C 3 "ON L1DVYINGD ¢ dAL
0s . H SZT19  SIONITIL “QuD4X20% H 0660-95.8 NN ‘SOHYTVY SO
334 61500 & INNINY ROSTUUUH LbLb : 066 X08 "0°d

0L

18

b1 ‘BZ 1SN9NY

BNIGNI HINOW ¥04 14043

140434 INIKIIUNGN TUIINUNTS YDLIWUINDD ATHLNOW

1

30 T7739vd

&

oY)

Hlk

R

e Bt




soo0 i 0w oot 000°0 O R T R T P R Tt ! o3 w101
O B T R P T IR R ' T LR TR
; Peso b0 G40 LER0 P9 D490 A0 e e ; P mrisne
A A P T Do L2000 fe00 S0 G o0 o0 b 5800 e T R O
O T R T Y oo i e tewe  fseo om0 ! B @
oo 0 L0 fW0e P00 000 000 Daoe Pl P iwo0 fleo §lo00 Yy 560 | |
. 0000 000 iWL0 LWL0 T P00 e 1200 P A N L P osmowmn
| Lol G 1900 L0 D000 i 2000 . wo . Lol w00t on oot vro
L0000t 0000 D0 fl90 S0 S0 170 0D o0 bomv  feed  few0  fwee  faze  i@re  uet s ; wo
o P P00 1ol 1900 e 0000 100 i 000% Do . R T T P0d0s W |
: . ! ! ! ! : : : ! ' ! : ; ! '
o ; D00 i 9000 00 P00 a0 foW 1o 5000 : §100°0 1 Z00°0 1 000°0 i 100°0 % 000°0 _
- : ; SR T N S SR ) ! 000 “ w0 - Dol foo0  fo0d {0 o000 i ISOD LIMA LD |
L b Pew'0 A0 AN fo0  © 00’0 TR I Leo  toe tewe  fEw0 fue WO
P ! ! : ! : : ' : : : : : : : ! ! !
| _ Dowo b0 900 180 PO P00 000 i &k : £600°0 1 800°0  f000°0 i 80070 00070 i WOSYY AMOLIYA 1§31 !
o Dao'o 000 S0 SO0 § 0000 00D D00 1o ; oo too  1S00 o0 P00 i OV AMIOE !
b LBoo e EBI0 S0 R0 K0 S0 e ; Dle 500 fo 1100 000°0 P InLMSINY |
i : baee  rzre PSI0 1N00 D0 D900 fa00 © S0 oM RS0 PO 000 G0 e I
—— D ouTen W T : } gl ¢ G § SWLQY ¢ O © STNY § SSIMDSRI 180D i .
' " TSR 1700 IR TR R TR "\ IV C IS ¢ S R S A ‘ P L8/8L/8 : 15n3nY ; !
; { 10VNINOD ! OLOVMINGD: ILUWIISE | INVINUA | 30 3ONUTUE: CM3LWUN | GUILWUIO § GHILWND | CRINOR i CHINON i GHINOR 3090 0L N2 ¢ 40 HIMON SNI¥Q ¢ A8 AYOHHDS
! 1500 TONId QAMWLLS3 4 LI4H0C DL 150 \az._:mvﬂo M CRAIONL 1500 { ANDSILUD MILADADN !
Lo : 819‘szzs LR-8-H > : INMGOTIA0 3416 163 WOLIVIS TS | :
, 0,334 S1HAd WI0L ¢ 431108 SIMY 3II0MIL 10 taz : IXHOM 40 34025 FRITTUL B
; 0000074 ; (8/21/9 03140 ¥ILLIT  1-TOIB-HIN-b : 334 03014 51 4503 55”“5._ o
| : : NOLIVLIKIT ONOY "ON IN3HON3HY Q3ZILIN1A30 3 “ON LDVYINOD : 134AL :
| : ' ; SZH9  SIONITN ‘Qu0:¥I08 ! OBHO-4ESLB “WH ‘SIHUD SO 3
EEE - oIS INNINY NOSTUMM Loy : 0bh x08 ‘04 !
' NDISIATO NDILYIAY : AYDLYY0AYT TWNDLLUN SOKYIY 501
roo JMT9A LIVALNDD : NOLLYHOGHD] ONVULSOMIS  HONd | YINDJI YD 40 ALISUIAIND G0L
P 186} ‘82 159Ny : . 140438 INIH3SUNEN TYIINONIS HDLO0HINDD ATHINOW

" 0N3 HINOW ¥04 LyO43Y¥ i




M98005269
NN R

Report Number (14) LA -SuB-..95-7/). B{.%

Publ. Date (11) (9870903
Sponsor Code (18) DoD . X F
UC Category (19) UC—OO/O ) /705/51{

19980706 012

DOE



