NOTICE

THIS DOCUMENT HAS BEEN REPRODUCED FROM
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED
IN THE INTEREST OF MAKING AVAILABLE AS MUCH
INFORMATION AS POSSIBLE



MASACR- [1Leqy o

w
£
?n»

7 iﬁ\“ﬂd\'k\_g‘g/)\,

) o ,-’i -~ «
ﬂ“‘ ) )
i 3’ \f"\\\ & \‘f‘* t.:
Y'v‘%\\ﬁ .\;&‘ by
(NASA-CR-166684) PRELIMINARY DESIGN OF THE N81-27460 x\‘\?ccfé*’ .
CRYOGENIC COOQLED LIMB SCANNING ’ 5 o
LNTERFEROMETER KADIOMETER (CLIR) Final g‘.;{’;z:g}gﬂ [
Report (Lockueed Missiles and Space Co.) Unclas
81 p HC A05/MF AU1 CSCL 14B G3/35 30196
529') "'.
o, Mg
R %
?"{;; 42‘» ," ' ’F,,l)‘ f.") )
rz "*u .f‘“
"{;A 1:5»‘, :‘ ’’’’ .)r * x
LN s

MISSILES & SPAGE COMPANY. INC « SUNNYVALE, CALIFORNIA



AL

IR T
i

LMSC-D6262064

FINAL REFORT
PRELIMINARY DESIGN OF TUE
CRYOGENIC COOLED LIMB SCANNING
INTERFEROMETER RADLOMETER (CLIR)

IMSC-D626264
MAY 31, 1978

FOR THE NATIONAL ALERONAUTLCS AND SPACE
ADMINISTRATION GODDARD SPACE FLIGHY CENTER

MODIFICATION NO. 1 'TO NAS 5-24287
DR, ALLAN SHERMAN, TECHNICAL OFFICER

MATERTAL SCIENCES

LOCKHEED PALO ALTO RESEARCH LABORATORY
LOCKIEED MISSILES & SPACE COMPANY, INC
PALO ALTO, CA.




ERE TR e Tyt

e

,','v’ !_!"‘“‘

T TRTRET e D TR . T -
f s i :

Rl PRAREIETE ST

L A

1.0

2.0

3.0

4.0

5.0
6.0

CONTENTS

INTRODUCTION

INSTRUMENT COOLING REQUIREMENTS

SYSTFM SELECTION STUDIKS

3.1
3.2
3.3
3.4
3.5
3.6
3,7
3.8
3.9

Introduction

Initial Trades

Single Stage Studies

Dual Stage System

Thrae Stage System

System Comparison

Refine’, Trade Studies )
UAR Qrie Year Mission

Bascline Cryogen Selection

BASELINE SYSTEM

4.1

bo2

Options Studied

4.1,1 Vaper Cooling

4.,1,2 Liquid/Supercritical Sgorvage of Helium
4.1.3 Supercritical Pressure Selection
4,.1.4 Misusion Abort Opcerations

Baseliqc Description

4.2,1 Sumnmary

4.2,2 Cooler Construction

4,2,3 Thermal Analysis

4.2.4 Structural Analysis

SUMMARY AND RECOMMENDATIONS
REFERENCES

4-1
4-1
4-1

b-4
4-6
4-9
4-9
4-11
4-17
4-21

5-1
6-1



e

b il

¥l A

2-1
2-2

J-1
3.2
3-3
3-4

3-6
3-7

3-8
3-9

3-10
3-11
3-12
3-13

3-14

3-15

3-16
3-17
3-18
3-19

3-20
3-21

3-22

3-23

ILLUSTRATIONS

CLIR Instrument Cooling Requirements
Prelimipary CLIR lMeat Loads (Supplied by HRC)

Candidate Cryogens for CLIR

Cryogen Combinations Studied for CLIR

Thermal Analyzer Model for Vapor-Cooling Effects

CLIR Single-Stage Cooling System

Effect of Helium Flow Rate on Optics and Baffle Temperature
Effect of Hydrogen Flow Rate on Optics and Baffle Teomperature

Compavison of Cryosenic Systems for CLIR
I. Single Stape System

CLLR Dual-Stage Cooling System (Two-Temperature Version)
Comparison of Cryogenic Systems for CLIR
1T, Dual Stage System
CLIR Dual-Stage Cooling System (Three-Temperature Version)
Effect of Hydrogen Flow Rate on Optics Temperatuve
Bffoct of Helium Flow Rate on Optilcs Tempevature
Comparison of Cryogenic System for CLIR Dual Stage System/
Three Temperature Version
Compavison of Cryogenic System for CLIR

ILT. Three Cryopen System

Summacy of Weipght and Volume of Varjous Systoms
(Heat Rate Itoration No. 2)

Sclected Cryogen Systems for Further Study

CLIR Instrument Heat Load Breakdown (Iteration No. 4)

Thermal Noetwork for Iteration 4 Studies

CLIR Cryogen Systom Weights fovr Ltervation No. 4
30 Day Mission

CLIR Single Stage Helium System 30-Day Mission Iteration No. 4

System Weights for One Yecar UARS Mission, Heat Rate Iteration
No. 4, 10% Duty Cycle

Effcct of Flow Rate on Instrument Temperature for One Year
UARS Mission

Criteria for Selection of Cryogenic System for CLIR

il

32
3-3
3-5
3-6
3-7
3.8
3-11

31z
3-14

3-15
3-16
3-17
3-19

3-20

3-21
3-23

3-24
3.25
3-20

3-27
3.28

3-30

3-32



i T ILLUSTRATIONS
%. i 3 N ‘ Page
; Fiz., Mo, . Page
g, 4-1 Effect of Vapor Cooling Configuration ' 4-2
g> 4-2 Mission Abort Cryogen Options 47
g 4-3 Cooling System Summary (Supercritical Helium) 4-10
g; 4-~4  Basceline Cooler Layout 4-12
4 4-5 Cooler Plumbing Schematie 4-15
4+6 Cooler Weight Summary 4~16
4-1 Required Heat Input for Withdrawal of Supervcritical 4-18
Helium at Constant Pressure
4-8  Summary of Parasitic lleat Loads to Helium Tank ’ 4-19
4-9 Effect of Vapor Cooled Shield Location on Heat Rate and 4-20
, Temperature
4-10 Structural Model 4-24
4=11 Computer Model 4-25
4-12 First Mode, 39.8 Nz ) 4-26
4-13 Sccond Mode, 66.25 Hz 4-27
4-14 Third Mode, 369.5 Hz 4-28
4-15 First Mode Frequency vs Support Tube Length 4-29
4=16 Support Tube Stresses-to-Tube Length : 4-31
4-17 Support Tube Thickness - Acceptance Levels 433
4-18 Support Tube Thickness - Qualification Levels 4-34
4-19 Helium Tank Structural Analysis 4-36
{‘: ' iif



1.0 INTROMUCTION

This study was performed for the preliminary design of the cryogenic
cooling system for the Cryogenic Cooled Limb Scanning Interferometer
Radfometer (CLIR) instrument to be flown on the Atmospheric-Magnetnspheric
Physics Satellite (AMPS). This study was in response to the statement
of work, generaied by NASA Goddard Space Flight Center on Jan. 1978,

The studies were divided into two major tasks, (1) the Eirst a top level
trade study to determine the relative advantages of various cryogen systems
and make a bascline selection and (2) to make more detalled analysis on the

baseline system and to prepare a layout showing hardware detail of the

system,

The top level trade studies were more extensive than initially expected
due to the instrument rvequivement for cooling at three temperature levels
as opposcd to the two levels initially described for the instrumeat,

Approximately twelve different combinations of cryogens were investigated,

The basic lifetime requirvement for the instrument was 30 days, however,
limited studies were also conducted for a follow-on mission requiring a
one year life (UAKS).

The top level trades led to the selection of a single stage supercritical

helium baseline, This selection was made primarily bascd on advantages

associated with safety, ground handling, and state of deveclopment.

1-1
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2.0 INSTRUMENT COOLING REQUIRIMENTS

The instrument cooling requirements evolved during the study. As the
configuration of the instrument mitured the heat rates changed, so that
vaveral study itcrations were required. The instrument required cooling
of different elements to three tomperature lavels.

The cooling loads and temperatures are presented in Fig, 2-1  which shows
the heat rates associated with the various iterations throughout the
program, The designation of the iteration number was adhered to throughout
the study so the results could be sorted out. The baffle (or radiation
shicld) tomperature varied somewhat during the study depending upon the
wavelength under consideration, however, a value of 110°K was assumed

at the end of the study,

The detailed break-down of the heat loads which were supplied by Honeywell
Electro Optics Center is presented in Fig. 2-2 , for the first and second
iteraticn, The third fteration was not utilized for any cooling system
trades. A fourth and final iteratfon was also gencrated and is descvibed
in the section presenting the baseline design,

The mission lifetime, as shown in Fig. 2-2, was for 30 days,
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3.0 SYSTEM SELYCTION STUDLES

3.1 INTRODUCTION

Within the framework of the instrument requirements there are many combina-
tions of cryogens which will provide the required temporatures to the
detector, optical bench, and radiation baffle, Fig. 3-1 shows the latent
heat of sublimation and operating toemperature rvange for some of the more
cfficiont cryogens, Also included is the heat of vaporization of helium and
the Instrument temperature requirements, For detector cooling to below 13°K.
only two cryogens are candidates; solid hydrogen and helium in either superx-
fluid, liquid or supercritical state., Solid ncon will approach 13-14°K

if the vapor pressurc over it is maintained low enough (requiring very

large vent lines) and no temperature gradient exists between the solid neon
and detectors.

The optics can be cooled to 30°K by vapor cocling from cither hydrogen or
helium, or by thermal coupling to solid neon, For the baffle (radiation
shield) many cryogen combinations are possible as shown,

Consideration of the available cryogens and instrument requirements led to
the number of possible combinations shown in Fige. 3-2, which include one,
two, and three stage systems,

Within this framework additional options are possible relating to whether the
optics are cooled (thermally grounded) by the cryogen utilized for the detect-

or or cooled scparately either by vapor or by a solid cryogen stage.

Due to the large number of combinations which can be utilized, a first level
trade study was performed based on the primary assumption that the para-
sitic heat loads to the cooler does not impact the cryogen requirement pre-
liminary analyses-indicated that these cooler parasitic heat loads were
lower than the required heat input to the cryogen which would produce suf-
ficient vapor cooling of the optics or baffle.

3-1
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This assumption was borne out by more detailed analysi  at a later point

in the program and allows the thermal analysis of the instrumeut and the
cooler to be uncoupled, The principal tasks were, thorefore, to detormine
the flow rate of cryogen nccessary to meat instrument temperature require-
ments and determine the size and weight of the corresponding cooling system.

3.2 INITIAL TRADES

The preliminary values for the heat loads to the instrument due to various
sources have been described in the previous scction, leat rates from
itoration No. 2 werae utilized to sect up a thermal network for determination
of the coolant flow rates,

These heat rates were used to calculate the thernmal resistances between fn-
strument temperature regions. The resistances ware then assumed to be con-

stant, that is, invariant with temperature, This assumption is adequate

when the temperatures of the instrument stages in the analysis are close to
the required valucs,

The thermal network along with the assumed reslstance values and {nstrument
heat generation is shown in Fig. 3-3.

In the analysis the optics and baffle temperatures are either determined by
an energy balance when those systems are vapor cooled or fixed at the cryogen
temperature for systems which are themmally grounded to the cryogen,

3,3 SINCLE STAGE STUDIES

The schematic of one version of the single stage systom is shown in Fig., 3-4
for the case where the optics, as well as the baffle, is cooled by vent gas.

The results of the analysis for helium and solid hydrogen cooling are pre-
sented in Figs. 3-5 and 3-6. Fig, 3-5 shows the optics and baflle tempera-
ture as a function of the helium flow rate. The results show the flow rate
requirement is set by cooling of the optics to 30°K resulting in a baffle
temperature of 100°K (below the required temperature).

3-4
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Fig. 3-6 shows the same paramecters for solid hydrogen, again showing that

the optics sets the flow rate requirement.

A second approach for a single stage solid hydrogen cooler was also studied
and found to be much better than the approach just described, 1In this
scheme both the optics and the detector are thermally grounded to the solid
hydrogen and the vapor is utilized in cooling the baffle only. As will be
seen, this approach lecadz to the most efficient system of all, in temms of
weight and volume,

After the flow rates required to meet the instrument cooling requirements

were established this set the quantity and volume of tankage required for
the cryogen storage.

The system weights were determined by utilizing the ratio of total system
weight to cryogen weig.t., These vatios were cstablished for the two stage
systems by utilization of an existing computer program which was developed
in prior programs foir trade studies. These ratios have been verified by
actual weights for fligie coolers which have been developed at IMSC.

For the single stage helium and hydrogen coolers, weight ratios were based

(1)

cryogen weight fractions used for the hydrogen and helium were 5 and 4, res-

on values obtained in various hardware programs. The total weight to

pectively. These values are quite conscrvative as the baseline study shows,
In calculating the system weights, an additional factor of conservatism of

20% was utilized to account for uncertainties in predicting heat rates,

This led to a weight which was 207% greater than the calculated weight.



Figure 3-7 prescnts a comparison of the weights and volumes for the single
state systems. The total system weight includes all elements of the cryogen
system; that is the tankage, plumbing, insulation, support and vacuum shell,

The required heat input which is indicated shows the heat rate which is
required to produce the gas flow rate necessary to meet instrument cooling
requirements, If the parasitic heat load int: the cryogen tank is at or below

the indicated level, then no additional cryogen is required to compensate for
tank heat leaks,

Calculations show that for the hydrogen cases the parasitic heat leaks are
substantially below the required level, while for helium the values are

about the same,

The comparison shows that the solid hydrogen system which cools both
optics and detector to 10K is substancially lighter and smaller than the

other systems, while also providing a stable 10°K temperature for the optics,

Ld

3.4 DUAL STATE SYSTEM

The second system studied Ls shown in Fig. 3-8 which illustrates the dual
stage system in which the detector and optical system operate at the same
temperature and the baffle operates at a second temperature (two-temperature

version),
In this approach use of helium as the primary coolant leads to cxcessive

weights because the low heat of vaporization does not effectively deal with.
fic high heat input from the optics.,

3-10
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Fig. 3-9 summarizes the weight and volume for this approach using hydrogen
as the primary coolant, The minimum weight system is achieved with a solid
methane secondary which cools the baffle to 65°K, while the solid co,
secondary leads to minimum volume but slightly greater weight. The use of
solid methane has been deemed questionable by the science team as a possible
interference with the scientific objective, but its effects have not been
quantified.

The solid CO2 leads to baffle temperatures which arc somewhat higher than
the present instrument requirements, These two cryogen chloices were included

in the event that thesc uncertainties are resolved,

An alternate dual stage systom in shown in Fig. 3-10. This dual stage
approach utilizes the vent gas from the primary to cool the optics while
the baffle is cooled by the secondary. 1In this approach the three areas

of the instrument are cooled to different tempceratures (three-temperature
version).

Figs. 3-11 and 3-12 show the effect of vent gas flow rate on the optics

temperature for various secondary cryogens for both a hydrogen and helium
primary. 7The same thermal nctwork shown in Fig. 3-3 is utilized with the
baffle set at the temperature of the selected secondary cryogen, which is

indicated on the figures.

3-13
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( FIG. 3-12 EFFECT OF HELIUM FLOW RATE ON OPTICS TEMPERATURE
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The resulting instrument temperatures, cryogen yolumas and system weights
arc sumaried in Fig. 3-13 for the various combinations,

The results show the usc of solid methane as the secondary with hydrogen

or helium %eads to the lightest system while meoting instrument temperature
requirements. If the use of methane is excluded then the systems wutilizing
solid nitrogen with helium or hydrogen results in lowest weights, while the
use of solid necon results in excessive weights,

3.5 THREE STAGE SYSTEM

The last system considered consists of a separate cryogen for cach of the
three temperature rcequirements, A screening process resulted in the sclection
of a three stage helium/neon/nitrogen system for analysis. The characteristics
of that system arve presented in Fig. 3-14. The relatively high system

weight combined with the additional complexity appear to eliminate this system

as a candidate.
SYSTIM COMPARLSO

The relative weights and volumes of the systems investigated are compared ia
Figo 3'15. J

)

From the above trade studies, the following results are highlighted:

o The single stage solid hydrogen system with optics cooled to
16°K is the minimum weight system at 98 Kg.

o The three stage systom ue,un/N2 leads to the minimum volume at
120 liters of cryogen,

o If helium is assumed for the primary, considering its inert non-
flammable properties, the minimum weight system is HG/CH“ at
172 Kg followed by lle/N2 at 197 Kg which also has a small volume
of 158L.

o The single stage He system is relatively large and heavy but has

advantages in terms of ground handling, safety and state of
development

3-18
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3.7 RLFINED TRADE STUDIES

These considerations have led to a selection of some of these systems for further
comparative analysis, Fig. 3-16 summarizes these systems and some of
their considerations.

The analysis which follows incorporates heat rates which have cvolved from .y
firming up the instrument requirements, and also includes thermal coupling
between the cooler and the instrument,

These new heat rates are shown in Fig. 3-17 for the threc temperature regions

and also for two optical bench temperatures. These heat rates and following

" analysis will be referred to as "Iteration 4",

The thermal net-work utilized is shown in Fig. 3-18, This net work includes
thermal resistance values for both the instrument and the cooler. It is also
assumed that the temperature zones corresponding to the opties and baffle cxtend
around the cooler, so that we are incorporating vapor cooling of the cryogen
tank also, In addition, a third vapor cooled shield which sturrounds both the
instrument and the cocler is assumed so that the sensible enthalpy of the vapor

can be more efficiently used.

Within the framework of these assumptions the selected systems were analyzed
and the results are shown in Fig. 3-19, The results show substantially
higher weights and volumes than the previous comparison, a consequence of the
higher instrument heat rates for this iteration. The relative weight and
volume of the systems has not changed, that is the systems increased by a
fairly constant percentage., ‘

The effect of helium f£low rate on instrument temperature is shown in Fig. 3-20,
It can also be seen that the new heat rates have resulted in the baffle
temperature setting the required flow rate whereas in the prior iteration

(No. 2) the optics set the requirement, The resulting optics temperature is
24°K,
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3.8 UAR ONE YEAR MISSION

The 30-day mission is the baseline duration for the CLIR instrument. In
addition to CLIR a follow-on mission which is under study is UARS which would
be a frec flyer mission with a one year duration. This mission was bricfly stu.
died primarily to determine the conmonality between the cooling system for
CLIR and UARS,

1t was assumed in this analysis that the instrument was the same and resulted
in the same heat rates., It was further assumed that the mission duty cycle
was 10%.

The principal results from this study are shown in Fig. 3-21, The results
again indicate that the solid hydrogen system which cools both detector ond
optics to 10°K is the minimum weight minimum volume system. The analysis
utilized the same thermal network as the previous comparisons and results

were based on average heat rates with 10% opesation in which heat was

generated for the sppropriate elements and 90% operation in which no heat was
generated., Fig., 3-22 shows the temperature of the baffle and the vapor
cooled shield vs, flow rate for both the operating and non-operating conditions.
During operation a flow rate of 0.009 gms/sec is required to provide adequate
cooling of the baffle, while during non-operating periods (no heat genecration,
no aperture load) the parasitic heat load results in a flow rate of .0037 gms/
sec and a tcmperature of 100°K for the Pptics and 170°K for the vapor cooled
shicld, This is fortunate, because it leads to a fairly small temperature ad-
justment when the instrument is turned on, with resulting small transient '
effects, '

These studies for the 1 year UARS mission must be considered very preliminary,
as the transient operation requires more study, and better themmal isolation
techniques can probably be devised with a resultant reduction in system weight.

. In addition, the instrument configuration may change due to the pointing

system requirements in combination with the free flyer operation., The results
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may be considered as a first estimate of size and weight, and it appears that

a substantially larger cooling system could be required for UARS than CLIR.
Solid hydrogen appears to be the most attractive candidate for this mission,
and substantial weight reductions could be realized by utilizing the endo-
themic para to ortho reaction. This reaction and conscquent heat absorption
can be obtained by passing the hydrogen vent gas over the proper catalyst,
This approach requires additional study to determine the associatea weight
reduction, and increased complexity.

3,9 BASELINE CRYOGEN SELECTION

A baseline sclection was made in the program in order that a representative cvyo-
genic  system could be established in some detail. Fig. 3-23 summarizes

the various considerations on which the selection was b.sed for CLIR, Although
several numerical rating approaches were made, they are not presented here be-
cause of their subjective nature,

Safety for the man rated vehicle is a paramount consideration, and had a

strong influence ip the selection, This was one of the primary considerations
which led to the sclection of helium for the baseline over the lighter and small-
er hydrogen systems., The ground handling of the helium syvetom was judged

to be much simpler and safer than for the hydrogen system or for other cryogen
combinations. I the operation of the helium system, it can be filled with

normal boiling point liquid helium, while the other cryogens would require more
elaborate operations and GSE to load and maintain on the ground,

Orbital recliability for the helium systom was rated lower than for some of the
other systems,since operation with supercritical helium would require an
absolute pressure relief valve and a temperature sensor/heater feadback loop,
items which ace not required for operation of some of the totally passive
solid cryogen systams.

Orbital temperature stability for those systems which themmally ground various

temperature zones of the instrument to a solid cryogen stage have far better
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tomperature stability than those systems which utilize vapor cooling or
supercritical kelium for cooling., Orbital temperature stability of a few
tenths of a degre has been demonstrated by solid cryogen coolers for as long

(2)

as 7 months of orbital operation.

Development risk must be considered to be relatively small for the super-
critical helium system since several of these systems have been built and

flown, at least for short duration flights, It {s not felt, however, that

the development risk associated with a solid hydrogen system is high, since many
different ¢ryogens have been lbaded and operated in the solid state without

problems which were unique to the particular cryogen selected.

Considerations of contamination resistance lead to the flexibility of the
various systems to allow intermittent warm-up of optical elements to allow
outgassing of contaminants, which may have cryopumped during operation,
Systems utilizing vent gas ccoling have the potential for stopping or by-
passing the cooling gas flow for un intemmittent period to allow warm-up of

optical elements whereas the solid cryogens may not without thermal switching,

One system which appears to have a significant affect on instrument design is
the solid hydrogen system in which the optics and detector are both thermally
grounded to the hydrogen. This may result in somewhat simplified

instrument design since the detectors may be firmly attached to the optical

bencly allowing isothermal operation of these elements,

For the UARS mission it appears that solid hydrogen may be necessary to minimize
system weights, thercfore technology and expericnce devéloped on CLIR would

be beneficial for UARS although it appears that the cooling systems would be
substantially different in sizc and weight.

These considerations, with emphasis on safety and ground handling led to a

selection of a single stage helium cooler for the basecline on CLIR., The follow-

ing sections describes this baseline.
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4.0 BASELINE SYSTEM

4.1 O0I(ONS STUDIED

Several options were considered before the sclection of the baseline parameters,

The principal options and their results are discussed in the following scctions.

4.1.1 Vapor Cooling

Because of the large specific heat of the helium vent gas, the manner in which
it is utilized both in the instrument and to defeat parvasitic heat loads in
the helium dewar asscmbly is of paramount importance., Various approaches for
utilizing the vent gas were investigated for the system, In the comparison

of these systems the thermal net-work shown in Fig., 3-18 was utilized with
various vapor cooled shield combinations. Fig. 4-1 presents the results of

these studies.

The first case (No. 1) presents the arrangement assumed for the iteration No. 4
heat rates, in which it was assumed that both the cooler and instrument utilized
vapor cooled shields at three locations. The optics and baffle cooling shields
were assumed to extend over to the cooler where they surrounded the cooler and
were used to defeat parasitic heat loads to the helium dewar., In addition, a
third vapor cooled shield was assumed to surround both the instrument and the
helium tank. The resulting instrument temperatures and the parasitic heat load
to the helivm are summarized in the table. This systcmylcads to a fairly com-
plex system because of the large number of shieclds,

The second case shows the same configuration except the shields from the optics

and baffle were not utilized in the cooler section.
The results show an overall improvement in all features of the system. The

instrument temperatures are lower, the parasitic heat load to the helium dewar

is recduced and the system complexity is comnsiderably reduc~d,

4-1
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‘(* The third casc considered climination of the vapor cooled shield in the
| instrument but retention of the single vapor cooled shield around the cooler,
The results show a slight increase in the instrument temperatuves, and some-
what lower helium dewar heat loads,

It was felt that the simplified instrument configuration was sufficient com-
pensation for the slightly higher instrument temperatures and this vent
shicld configuration was selected for the bascline design,

Additional studies of the vapor cooling arrangement with a more detailed

thermal model should be performed to substantiate these results.

’

4,1,2 Liquid or Supercritical Storage of Helium

The heat absorption per pound of helium is approximately the same for liquid
helium, supercritical helium or superfluid helium. The primary differences
arc related to the storage pressure which affects system weight through tank
pressure and the techniques of controlling the fluid in the spiace environment
without loss of cooling efficiency. The storage of the helium in the super-
critical state eliminates problems associated with phase separation since the

supercritical helium exists as a single fluid phase.

In this study an extensive analysis of the £luid management of liquid helium
has not been performed although techniques and systems have been developed
which have been successfully used(a) and are being developcd.(s)
To determine if a significant weight savings could be achieved with the lower
pressure. (1 atm) liquid helium system a weight comparison was made with the
60 psia supercritical system. The weight summary of these two systems is
shown in Fig. 4-6. The comparison of the systems was based on the assumption

of the same size tank volume for both configurations.

The results show that the liquid helium system is 58 Kg lighter than the super-
«(*“' critical system, This difference is due to the lighter tank weight and lower
. residual helium mass for tue supercritical system.

s
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4,1,3 Supercritical Pressure Sclection

In selecting the operating pressure for the supercritical baseline system,

the effect of pressure and ullage 7% on the following systcm parameters was
considered.

" Ground hold
Tankage weight
Residual cryogen weight

e o © O

Proximity to subcritical operating regime

The ground hold period is defined as the time from £i11 of the tank with
normal bofling pcint liquid helium to the desired tank volume to the time
at which venting of the helium starts., Long hold times vresult from high
tank pressures and large ullage volumes. The hold time varies for example
from 50 hours for gJSO psia 10% ullage condition to 92 hours for a 70 psia
20% ullage,

The ground liold conditions must be further examined in terms of the instru-
ment requircments since it may be nccessary to cool the instrument prior to

launch, and this would require vent gas cooling from the tank or auxilliary
cooling,

The effect of operating prassure on tankage weight and residual helium

weight favor minimum operating pressure and ullage %. In this case an optimum
pressure does not exist, the minimum pressure results in minimum weight., A
limited trade-off analysis indicates that the weight difference between a

50 psia 10% ullage condition (just above critical temperature) and a 70 psia
10% ullage condition leads to a weight difference of 45 lbs of system weight.

The consideration which limits the operating condition is to assure that
supercritical conditions are maintained in the tank during all operating
conditions in orbit or during launch so that liquid formation is prevented,
In order to dctermine safe operating conditions to achieve this requires

1
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detailed analysis of the venting system with consideration of operating
characteristics of the absolute pressure reclief valve and temperature/heater

feced-back loop with their associated repcatability and tolerances.

With these considerations in mind an operating pressure of 60 psia and a 10%

ullage volume was sclected,
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4.1.4 Mission Abort Operations

Should an anomaly occur during flight (not payloaded concerned) that would nec-
essitate an early return of the shuttle to carth, the question arises
as to how the helium should be handled, Fig. 42 summarizes some of the
possibilities  which have been consideréd.

Probably the simplest and most desirable would be to return with the helium
in its normal condition. The cryogen would continue venting, maintaining

the internal tank pressure at 4:1x105 nt/m2 (60 psia), The possibility does
exist for a slight increcase in the vent rate during the return due to an
increased tank heating caused by random vibration oscillations but the effect
should be minimal, At present, it is felt that return from orbit with a full
measure of helium will not compromise any safety standards over those employed

during the launch, and it appears to be the best approach.

Other approaches call for the cryogen to be dumped from the cooler prior to
reentry, Controlled dumping of the cryogen can be accomplished by increasing
the heat load to the dewar by auxiliary heating.VWith this technique,

removal of 90% of the stored cryogen (mo = 80 kg) can be acromplished by
supplying 661 w-hr of cnergy (331 watts for 2 hrs or 66 watts for 10 hrs),

and venting through the vapor cooled shield vent line. Some disadvantages do
exist, First, the long length of plumbing (~ 16 meters) coupled with the
high venting rate causes an increase in the pressure differential along the
lines so as to raise the tank pressure to between 4.3x105 n/m (62 psia) and
4.3x10s nt/m (77 psia), the uncertainty being due to the uncertainties in the

gas temperature.

Sccond, flow rates (11.1 gm/sec) may be too large for a single absolute

pressure relief valve, This matter requires further study.
For rapid dumping, which is the least desirable method, an explosive pyrotechnic

valve or solenoid can be installed on both the helium £ill and vent line (for

redundancy) to open the dewar to space. After opening the pyro valve, vapor

4-6




Fig. 4-2 MISSION ABORT CRYOGEN OPTIONS

Retu rn Made Vent Rate Comments
Return with cryogen Normal rate - No special equipment
stored in dewar at (2.5x10~2 gm/sec) required

normal conditions - Tank pressure at 60

psia (4.1x105 nt/m?)

Controlled cryogen 2.3-11.1 gmlsec - Requires 661 w-hr

dump, without for dump in heater input to

liquid formation 2-10 hours- cryogen tank (331
w@2hrsor6ow
@ 10 hrs),

- Tank pressure to
rise between 4.3x10°
nt/m2 (62 psia) and
5.3x10° nt/m2 (77 psia)

Cryogen dump, Highly variable - Two phase liquid-
initiated by open- vapor withdrawal
ing valve directly will result

to space
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( venting will take place until the pressure drops below 1.93105 n/m2 (27.5 psla)
at which time two phase liquid/vapor withdrawal begins, If the tank pressure
is allowed to drop to less than 680 nt:/m2 (0.1 atm) then over 907 of the
cryogen will be removed, This approach is difficult to control and analyze
and does not appcar to have any advantage over the other approaches,
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4.2 BASELINE DESCRIPTION

4.2,1 Sumnary

Fig. 4-3 summarizes some of the major thermal, mechanical, and operating con-
siderations for the cooler system.

After an extensive parametric study into possible single, and dual stage,
cryogen systems, supercritical helium was sclected as the baseline coolant for
this study. To maintain the cryogen in the supercritical state, the tank is
maintained at a pressure of 1x105 nc/m2 (60 psia) during withdrawal. This

is achieved by an absolute pressure relief valve located at the exit of the
tank vent line. Before leaving the cooler, the cold vent gas is circulated
through the Honeywell instrument to provide the necessary cooling to the
detector focal planes, optical bench, and a radiation baffle as well as a
vapor-cooled shield located around the helium tank to reduce the parasitic
heat load into the cooler. The total loaded mass of the cooler is 197 Kg.

The design flow rate required to maintain the optical clements at

30°K was found to be 2.5x10"2 gm/s (0.2 lb/hr)., To provide this

flow rate, auxiliary heating will have to be supplied to the dewar by a re-
sistance hecating clement, located on the tank wall. Since the required heat
input for a constant vent rate varies as a function of the cryogen volume
remaining (density), a feedback control loop is required to provide the proper
experiment temperature and provide the necessary neat input, The required
heater power will vary between a minimum of 0,12 watts (with the tank at 6°K)
and a maximum of 1,10 watts (with the tank at 12°K),

For initial fill, the tank will be filled to a 10% ullage with normal boiling
point helium. The £ill and vent lines are closed and the system is allowed

3 nt,/m2 (60 psia) which will take approximately

to sclf-pressurize to 4,.1x10
68 hours, After venting begins, the cxpected steady state parasitic heat load
to the dewar will be 415 mw, This £ill procedure lgads to a simple ground
support system and simple handling when compared with £illing with supercritical
helium at high pressure.

4-9 .




Fig. 4-3 CLIR CGOLING SYSTEM SUMMARY

(SUPERCRITICAL HELIUM)

MECHANICAL
~ ® OVERALL LENGTH (INCL. PLUMBING) 210 cm
e OVERALL DIAMETER (INCL. VACUUM SHELL)  95.5 cm (37.6 In;:l
e CRYOGEN TANK VOLUME 701 liters (24.8 f ;
e DRY WEIGHT (INCL, 20% MARGIN) 117,1 kg (257,9 Ib
® USABLE HELIUM WEIGHT 68.1 kg (150,06 |b)
e RESIDUAL HELIUM WEIGHT 11.9 kg (26.3 Ib)
e TOTAL LOADED WEIGHT 197.1 kg (432,2 1b)
® PRIMARY RESOMNANCE 28 Hz
o DESIGN SAFETY CRITERIA
- SUPPORT TUBE SURVIVE QUAL RANDOM
WITH 3 o PROBABILITY
- HELIUM TANK SAFETY FACTOR = 4 (BURST}
~ VACUUM SHELL SAFETY FACTOR = 2 (BUCKLING)
THERMAL
® 6.4 cm SILK NET/DOUBLE ALUMINIZED MYLAR INSULATION

SINGLE VAPOR COOLED SHIELD AT 117,6 K
HEAT LOAD TO HELIUM 0.415 W

OPERATING CONDITIONS

SUPERCRITICAL HELIUM CRYOGEN
CONSTANT PRESSURE WITHDRAWAL AT 4.1 x 105 nt/m?2 (60 psia)
REQUIRED FLOW RATE TO INSTRUMENT 2.5 x 10-2 gm/s (0.2 Ib/hr)
REQUIRED HEAT INPUT FOR WITHDRAWAL 0.12W AT 6°K

OF 2.5 x 1072 gm/s HELIUM 1.10W AT 12°K
FILLING MODE
- FILL TO 90% (MIN) WITH NBP HELIUM
— SELF PRESSURIZE TO 4.1 x 109 nt/m# (60 psia)
GROUND HOLD TIME (FROM END OF FILL TO START OF VENT) 68 hr
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4.2,2 Cooler Construction

L3

A layout showing hardware detail of the CLIR cooler is shown in Figure 4-4 .

Helium Tank

The helium tank is a 79,5 cm dia by 87.9 em long 6061 T4 aluminum cylinder,
Hemispherical domes are welded to each end, providing a 701 liter total

volume., The wall thickness of the tank including the dome ends is 0,28 cm,
For additional stxructural support along the cylindrical portion of the tank,

6 integrally machined 0,53 cm by 1,42 em high ring stiffeners are provided
internal to the tank,

Support Tubes

The cooler assembly is held in place by a two-piece folded fiberglas tube
assembly. The inner tube which connects to the center of the cooler is
84.4 cm diameter by 37.1 cm long and the outer tube which interfaces with

the honeywell mounting plate is 89.1 cm diameter by 90.7 e¢m long. Each tube
is 0,152 cm thick.

Vapor-Cooled Shiecld

At the interface point between the two fiberglas tubes a single vapor cooled
shield is thermally grounded. The shicld which is located 3.1 cm from the
helium dewar follows the contour of the dewar over the cylindrical and vear

portion of the cooler., Around the front portion of the cooler, or that portion

necarest the Honeywell experiment, the shield continues cylindrically out
to a point necar the experiment's optical bench. The plumbing interface

wth the vent shiecld is made by a Gamah fitting (or cquivalent) in an area
still to be defined.
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Vacuum Shell

A vacuum shell surrounds the entire cooler assembly. The shell, which mounts to
the Honeywell interface at the 1.52 meter reference point, is a 0,18 cm thick
6061-T6 aluminum shell reinforced by 9 each 0.45 cm by 1,06 cm high integrally
machined extcrnal ring stiffeners, The shell includes a single hemispherical
end dome upon which a 25.4 cm diameter by 0.79 cm thick access mounting flange
is welded in place.

Insulation

In the region between the cooler front end and the extended vent gas shield,

a thin 0,03 cm aluninum retainer is wrapped with silk net/double-aluminized
mylar insulation out to a thickness of the vent gas shiecld, This retainer

is mounted . to the loneywell optical bench, providing an environment temperature
of approximately 30°K to the front end of the cooler. The relative position

of the retainer within the insulation wrap is sclected to impose no additfonal
net heat flow t. 2ither the cooler or to the optics bench. This requires only
two layers of MLI to be wrapped about the front end of the dewar. fhe areca
outside the vent gas shield is wr&pped out to the vacuum shell, as is the

area between cooler and vacuum shell along both the cylindrical and back

section of the cooler, making for a total insulation thickness of 6,4 cm about

the entire cooler area,

Plumbing

Attached to the rear mounting flange are the helium £i11, helium vent and
vapor cooled shield vent line, as well as a vacuum space pumpout line and
clectrical feedthru. The pumpout line to the insulation space consists of

a 2.5 cm diameter Cryolab valve to provide access to an auxiliary sorption
pump system and an 8 g/s vacion pump to ultimately maintain pressures in the
insulation space at less than 10'5 torr. The electrical feedthru provides
access to tank thermomectry, several redundant strain gauges used to monitor
the tank internal pressure, and a heater located on the tauk to control the

cryogen ventiag rate,
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The helium £ill and vent lines utilize a 1.3 cm diameter by 0,013 cm thick
convoluted stainless steel tubing between the wamm and cold end points. The

dewar side of the tubing is brazed to an aluninum/stainless steel transition
tube which protrudes into the cooler to provide a longer heat leak path. To
further reduce the heat leak into the dewar, both lines are themmally grounded
to the vapor cooled shield at an intermediary point, The £ill and vent lincs
continue to the dewar side walls where they are clipped in place at a point
which allows for f£illing to within a 5% ullage in both a horizontal or
vertical tank position., On the outside of the tank, the lines are supported
by a bayonet fitting capped by a 0,95 cm diamecter Nupro metal bellows type
access valve in parrallel with a 2,5 cm diamcter, 5.5x105 nt/m2 (80 1b/1n2)
differential burst disk, This level is set above the 4.1x105 nt/m? (60 1b/
inz) absolute pressure of the tank to insure no venting of the cryogen occurs
through these lines. Instead, venting of the cryogen is accomplished through

the vapor flow vent line,

A schematic of the plumbing is shown in Figure4-5, The optics and baffle
temperatures are monitored and maintained constant through a cryogen tank

heater feedback control loop to control helium vent rate. Supercritical

helium is vented through the two detector focal planes maintaining temperatures
to less than 13°K. The cold vapor continues through Honeywell supplied hardware,
cooling the optics box to 30°K and a radiator baffle to 104°K. From the
radiative baffle the cooled vapor is directed to the cooler vapor cooled shield

which is driven to 117,60K. The gas is then directed to a room temperature

3 nt/m2

heat exchanger and finally exited from the cooler through a 4,1x10
(60 lbiftz) absolute pressure relief valve which controls the pressure of the
tank. In parallel with the pressure relief valve is a Nupro metal bellows-
type valve which can be used to blow the tank down to one atmosphere pressure
for refill operation on ground.

'

Weight

A weight summary of the main components required for the CLIR cooler is shown
in Figure 4.6, A total cooler system weight of 197 Kg (434 1lbs) is
predicted for the supercritical helium cooler of which 80 Kg (176 1lbs) or
40,67 is due to the helium cryogen. Also shown are the calculated weights if
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v
' " ’
Fig. 4-6 COOLER WEIGHT SUMMARY 1y s

SUPERCRITICAL 7OUID HELTUM
| TEM HELIUM BASELINE OPTION

(60 PSIA) )

Ke  (BS) . KG (LBS)
PRIMARY CRYOGEN TANK 344 5.8 / 20,2 (#4.6)
VAPOR COOLED SHIELD 9.4  (20.8) 9.4 (20.3)
VACUUM SHELL 302 (66.6) 30,2 (65.6)
SUPPORT TUBE 7.8 (7. 7.8 (17.1)
MOUNTING FLANGE 9 @ 1.9 (4.1)
MLI 6.0 (3.3 6.0 (13.3)
PLUMBING LINES 2.1 (6.0 2.7 (6.0
VAC 10N PUMP 3 §/s (INCL.
MAGNETS) a1 (9.0 4. (9.0
MISC ASSEMBLY HARDWARE 1.0 (2.2) 1.0 (2.2)
TOTAL DRY WE IGHT 97.5  (204.9) 83.3 (183.7)
20% MARGIN 9.5  (43.0 16.7 (35.7)
DRY WEIGHT WITH MARGIN 7.0 (257.9) 100.0 (220.4)
CRYOGEN WEIGHT 80.0  (176.3) 70.8 (156.1)
TOTAL LOADED WEIGHT ~ 197.0  (434.2) 170.8 (376.5)

TANE CAPACI 7Y ofskq 199145 §Lsk6 /79 /s

o0 Do Lo ED prus
ASSUMED SAME TANK VOLUME USED IN BOTH DESIGN CONFIGURATIONS
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liquid helium is selected instead of supercritical helium which was discusscd
in Section 4.1,

4.2,3 Thexmal Analysis

The relationship between the required heat input to the supercritical helium
dewar for a constant vent rate of 2..‘5:)cl.0'2 gm/s(0.2 1b/hr) at 0.1x105 nt:/m2
(60 psia) and the percentage of helium remaining in the dewar is shown in
Figure 4-7, To insure no more helium is vented than requirved, the parasitic
heat load to the tank must be below the minimun required heat rate of 537 mw
which occurs at the 65% filled conditiom,

The calculated parasitic heat loads to the helium tank (assuming no auxiliary
resistance heating to the tank) from the support tubes, multilayer insulation
system, and plumbing is 486 mw, When the tank is 65% filled this will yield a
maximum helium gas vent rate of 2.3x10‘2 gn/s (0.18 lb/hr), 10% less than that
required to maintain the Honeywell experiment temperature within specifications,
Auxiliary heating is required to bring the flow rate up to 2.5x10'2 gm/sec.

By fixing the flow rate at 2.5:(1()“2 gm/sec (0.2 1lb/hr), the parasctic heat

load drops to 415 mw because of a reduction in the vapor cooled shield tempera-
ture from 128.4°K to 117.6°K. The auxiliary heat required to maintain the
flow rate constant at 2.5x10'2 gm/s (0.2 lb/hr) from the resistance heater
during the course of the mission will then vary from a wminimum of 124 mW at
6°K to 1.10 watt at 12°K,

A breakdowm of the overuall parasitic load showing the relative effect of sup-
port tube assembly, multilayer insulation system and plumbing system is shown

in Figure 4-8 fortﬂﬂ32.52x10-2 gm/sec (0.2 1b/hr) £low condition. These heat
rates do not represent the minimum that could be achieve by varying first

the location of the vapor cooled shiecld within the insulation thickness and
second, the location of the thermal grounding point along the fiberglas tube,
The design selected was driven to a large extent by the envelope and fabrication
constraints., In Figure 4-9 the sensitivity of the vapor cooled shield and
MLI heat rate are shown as a function of the shield position within the insula-
tion space. Improvement of only 10 mw can be expected by a change in the shield

"location from the present design point to the optimum location., It is expected
that a more significant reduction would be rcalized with a change in the support
tube grounding.,

4-17
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- FIG. 4-7 REQUIRED HEAT INPUT FOR WITHDRAWAL OF SUPER-



SSINMDIHL TIVM WD - €10°0
YIIIWVIG WD - £2°1
T0°0 73315 SSIINIVIS ONISWNd
(9°£L1 - 9) Mo = WO/M g-01 X m.mv- 5
(00€ - 9°ZLL) s = WD/M 2-0L * €°G)7
IVIAW @3IZINIWNTV-218NOG/13N XIS
SNVL NIDOAYD WOXd WD G0°€
G31¥>01 Q13IHS G3100D YOSVA NOILYINSNI
00L°0 WD S£°9 = SSINMDIHL TIV¥IAO JIAVILINW
MOIHL WD Z61°0
ONO1TWD £706
vIgWD 1768 *38NL ¥34NO
¥OIHE WD Z51°0
ONOTWI 1°LE s3snl
£62°0 Vig WD #°¥8  $38NL YINNI 130ddNs
(M) NIDOAYD ,
ol cvo1 1vaH NOILVINSIEINOD
[~2]
NIDOAYD OL MS1¥°0 = O 1
N
(121-9) r— N
MNVL NISOA¥D A ' 3
20°0=0 £62°0 = O 00L°0 = O
(Ot o9°£11) Q13IHS R R S .. SYD IN3A
g3100D YOSVA ~— -u+ ||||| i — 408°L = ) o)
MI1L0=D M69%°0 =0 M¥BEL=D
(M 00£) T1IHS ¥3LNO
ONISWNU s3eni 1w
1404dNs

e

SNV WA 113H OL SGY01 1Y3H J1LISvivd 40 AYVYIWWNS 8-v 914

AN



SHIELD TEMPERATURE (K)

0.70
ASSUMPTIONS
. FLOWRATE = 0.025 G/S
130 (0.2 LBS/HR)
INLET GAS ~10.60
TEMPERATURE = 104 K
125}
-0.50
TEMPERATURE
120}
' w
SELECTED =
SHIELD LOCATION S
nsk ol
Ve g
~0.30 T
-t
s
ol @ HEAT RATE
-0.20
105}
: do10
100}-
? { { L. 1 1 i 0
0 1.0 2.0 3.0 4.0 5.0 6.0
POSITION {cm)
L i [ 1 1 B |
0 0.50 1,00 1.50 2.00  2.50

POSITION (in.)

FIG. 4-9 EFFECT OF VAPOR-COOLED SHIELD LOCATION
ON HEAT RATES AND TEMPERATURE
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« . 4.2,4 Structural Analysis

The following structural analyses werc made for the He cooler:

Free vibration: modes

Sine vibration: stress and buckling
Random vibration: stress and buckling
Static acceleration: stress and buckling

8 0 & O ©

Internal and external pressure: stress and buckling

The dynamic analyses were made for the entire cooler assembly (support tube
and coolant tank), but only the support tube is reported on here, since
dynamic stresses in the coolant tank are much smal%er. The method of
analysis was to employ the computer program BOSOR for a small number

of parametric variations of support tube length and thickness, and to use
these computer solutions in conjunction with modified simple beam analysis
to arrive at a viable design, .
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SUPPORT TUBE ANALYSIS

!(~ The static and dynamic environment which governs the design of the
support tubes is defined by:

Ultimate static lateral acceleration: &4 g

Lateral acceptance vibration level:

Frequency, 1z Level, g-pk
5-40 0.5
40-80 0.0125 x Hz
80-200 1.0

Random vibration acceptance level:

Frequency, liz ' C W
20-130 6 db/oct.
130-1000 . 0.18 gzlllz
1000-2000 -3db/oct.

Level: 16.7 g-mms

The material in the support tube is glass fiber cloth in an epoxy

matrix. The completed tube has the following material properties:

Shear modulus:

G = 750000 psi
Shear modulus: G = 750000 psi
Elasticity modulus: 6
axial: ’ E, = 2.14 x 10, psi
circumferential: E' = 5.55 x 10" psi
Poisson's ratio: vy = 0,0956
Cloth thickness per layer: 0?610 inch
Ultimate strength,
axial direction: 26.4 KSI
Proportional limit,
— axial direction: 5.7 KS1
ﬁ Ultimate strength, hoop
v direction: 119 KXsI1
Proportional limit, hoop '
direction: 72 KSI

H4-22



The configuration is shown in Fig.4-10 . The weight of the tank with contents
is as follows:(a)

Coolant: 150 )b
Skin: 60 1b
Rings: 7 1b

Total 217 1b

The weight of the support tube is based on a mass density of 1.69x16'4
1b sec?/in®,

This analysis was performed for a single support tube, while the final design
incorporate a dual or folded design. To a conservative first approximation
these results can be appliced for the folded tube configuration providing

the same tube length is utilized. The total length of the folded tube design
utilized is 50,3 in, and this design length is superimposed on the appropriate

figures,

Typical results krom the BOSOR Model analysis are shown in Figure 4-11,
Figure 4-11 dcpicté the computer model with a 30 inch long 0.06 inch thick
support tube, the following three figures, Figures 4-12, 4-13, and 4-14,
show the modal deteriorations of the first three frequencies, The dis-
placements are exaggerated in the figures; actually the structure does not
puncture itself, From the subsequent analysis it was found that the first
and to a lesser degree the second and third modes are the major contributors

to stresses in the support tubes,

The first frequency is plotted as a function of support tube length and
thickness in Figure 4-15. 7Tt is found that this frequency may be represented by
a .

Final weight summary indicates the supported weight is 252 1bs excluding

MLI and vapor cooled shield, which are not rigidly supported.
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FIG. 4-10 STRUCTURAL MODEL
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HECOOL, L=30 I[N, 0000 o0
INITIAL UNDEFORMED STRUCTURE

RINGS HAVE NO LOADS

e l I | T ! l I
00.00 -
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60.00 |— —
50.00 e —]
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10.00 |— —

0.00 | I | l l
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R
Fig. 4-1l A Computer Model
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3rd Mode, 369.5 Hz
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fl = const X L-O.S tO.S

)

where L and t are the length and thickness of the tube. From elcmentary
considerations one would have expected the length influence to be represented
by L'l‘s, but the lower power in Eq. 1 no doubt is traceable to the distortion
of the tank wall of the support tube attachment point, which is discernible

in Figure 4-12, and to the very large inertia of the tank.

Stresses in the tube are quite small, as can be seen in Fig.4-16, but
buckling is a critical factor in the design. Note that the stresses shown

in Fig. 4-16 are based on the ultimate static condition, on the acceptance
level for sine vibrations, and on the 3-0 (99.3%)* acceptance level for the
random vibrations,

In the dynamic analysis a damping of g = 2.5% is assumed., The buckling allow-
able is based on the 99% level, i.e. there is one chance in a hundred that
a tube randomly picked and not hested would fail at the allowable buckling
load,

.

i.e. 3 X Rms
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The main results of the support tube analysis are sumnarized in Figures 4~17
and 4-18, which show the required thickness for different configurations and

design conditions. It is interesting to note that the required thickness
is almost indcpendent of length; this follows in part from the definition

of the sine and random vibration environments,

No qualification level is defined, but for the sake of argument it was assumed
that the qualification level is twice the acceptance level and four times the
spectral density W for the random vibrations. Results from an onalysis

using this definition of the qualification level are given in Figure 4-18, .

To summarize, based on the acceptance level the thickness required to mecet,
the buckling requirement is about 0.060 inch for a damping of 2.5%,

about 0,045 for a damping of 7%. Measured damping factors on prior coolers
have been found to be in that range, the upper value corresponding to substan-
tial damping from the MLI while the 2.5% éeptesents the dawmping of the fiber-
glass only (very stiff structure). Additional analysis will be required to
determine the appropriate value for this design., If the design is to be

based on qualification levels as defined above, the thickness requirements
become about 0.09 cm and 0.06 inch, respectively for B of 2.5% and 7%. The

foregeing statements are true for tube lengths in the range 15-50 inch,
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TUBE WALL THICKNESS (IN.)

ASSUMPTIONS:

SINE VIBRATION SqUAL = 2 * IACCEPT
RANDOM VIBRATION W0y = 4 x Waccepr
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4

hell Analysis

The hélium tank was analyzed for both internal and external pressurc in
various combinations, Both ring stiffened and monocoque designs were in-
vestigated, as shown in Figure 4-19. Although a monocoque tank would be
adequate, for internal pressure alone, the ring stiffened design is necessary
for external pressure that would be present during the various leak checking
operations that will be required. The tank will be constructed of 6061
aluminum, The tank geometry was fixed at a diameter of 66 cm and cylinder
length of 138 cm with hemispherical domes for the parametric study, The
final tank design dimensions were based on an extrapolation of this analysis
for the ring stiffened configuration.

The vacuum shell design was based on a direct coxtension of these studies.
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5.0 SUMMARY AND RECOMMENDATIONS

An cxtensive trade study was conducted to evaluate possible single stage,
dual stage and triple stage cooler options for the CLIR mission, 7Ihe

two cases which independently minimize weight and volume are the single
stage,2-temperature solid hydrogen (98 kg) system and triple stage helium,
neon and nitrogen systems (120£), respectively, ’ '

For further studies, the single-stage, 2-temperature solid hydrogen system
was grouped with three of the more promising candidate systems the single
stage, 3-temperature helium system, as well as the dual stage, 3-tempera-
ture helium/nitrogen ;nd hydrogen/nitrozen systems, ‘The three stage
system was eliminated from further study because of the additional system

complexity required for the marginal gains réceived over some of the
other Eystems.

Using the smaller subset of options, more detailed system analyses were
perfomed, incorporating refined experiment heat rates and cooler/experi-
ment interaction, From an enginecering standpoint,the single stage, 2=
temperature solid hydrogen cooler still appeared to be the most desirable
cooler selection for the CLIR program. However, safety considerations drove
the selection to a heavier and larger single stage, three temperature super-
critical helium system,

5]
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A baseline cooler concept was developed to  allow for a more detailed thermal
and structural analysis of a single stage, thrce temperaturc supercritical
helium cooler. To satisfy the 30-day mission lifetime a 701 liter tank was
required for an 80 Kg supply of helium, The total system mass is 197 Kg
which includes cryogen, cryogen tanks, support tubes, insulation, vapor
cooled shield, vacuum shell, and system plumbing.

The heat loads to the cryogen tank were determined for the support tube
assembly, multilayer 1nsu1ation system and plumbing lines. A total of 415 mw
was computed, less than the 537 mw required to provide the 2.5)(1()-2 g/ sec
vent gas flow rate required by the instrument,

Additional effort is still needed in the analysis of the bascline cooler
to either improve on the present design or inerease the confidence level in
the computed heat loads, The effort should include:

o Thermal analysis of the insulation wrap - including edge effects

« o Study of cooling of the support tube between the vapor cooled shield
and ambient terminations

o Further design and analysis in the f£ill/vent plumbing hardware

o Additional study of the ground hold conditions in relation to

instrument cooling prior to launch

5-2
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