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Radiators for the Altair Lunar Lander
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Altair Mission Profile

Environmental Sink Temperature and Energy Rejection Requirements
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Altair Low Lunar Orbit Environment

Environmental Sink Temperature and Energy Rejection Requirements
forLLO (x=0.1,e=0.85)
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Technology Need

Single loop system is desirable for mass savings

Compatibility and toxicity requirements have resulted in
inhibited propylene glycol as the baselined working
fluid

Minimum sink temperature occurs during minimum
heat dissipation (trans-lunar cruise)

Maximum steady-state sink temperature occurs during
maximum heat dissipation (lunar surface operations)

Maintain inlet fluid temperature at 10°C for cabin and
payload thermal control

Radiator Turn-Down Capability is Needed
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General Concept for a Digital Radiator
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Example DR Turn-Down Scenario

Initial State: entire radiator being utilized (all branches open)

Step 1. Bypass flow o~ — e
S LV VIV W LV,
Step 2: Isolate radiator from remaining system with LV6 and |
LV6’ and close all branch valves LV1, LV1’ to LV5,LV5’ Centrifugal pump
Step 3: Open lower latch valve LVYS’ (A
. Electronics w A 4
Step 4: Turn on gear pump to evacuate last branch. In this — M Accumuiator . /
process all the fluid upstream (manifold) and W v LvEX VI S A X A
downstream of LV5 as well as the fluid in the “always | eL Ve > : I
on” branch will be evacuated. (7) Checkvanvery
16—

Step 5: Close LV5’ and open all other latch valves, except
LV5 (which isolates the unwanted branch only).

Step 6: Return flow to radiator.

The check valve downstream of the gear pump prevents
backflow of the fluid during evacuation of lines.

The variable heat rejection state changes will be controlled by
the flight software which can be programmed to include fault
protection as well.
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Development Needs

Cannot evacuate flow paths sufficiently to
mitigate freezing risks

Original concept did not provide a means to maintain
NPSH for the drain pump

Cannot hold set-point during turn-down

Original concept required entire panel to be
bypassed during turn-down process
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Tube Evacuation Options

1 CO,injection A pressuranttank of CO, is used. Gas is injected just
behind fluid priorto activating drain pump. Gas provides driving
column pressure for fluid evacuation.

2 C O, dissolved C O, s dissolved in the working fluid while at nominal
In the working operating pressures. Oncetheisolated leg's pressure is
fluid reduced upon drain pump activiation, CO, comes out of

solution and helps to provide driving pressure for fluid
evacuation.

3 Start-up heater Heat s applied at the end of the column furthest from the

used at start of pump. Vaporis generated there upon pump activation
the fluid column  and provides driving pressure for fluid evacuation.

4 Ventthefluidto  The fluidis vented to space through a valve. Requires an
space upstream pressurant to ensure proper venting. Flight
heritage on MPF and MER.

10
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Notional flight configuration for Option 1:
CO2 gas injection
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Small-scale Tube Evacuation Test Results: Option 1

nject CO, gas
pehind the fluid to
provide positive
pressure

injected at 10psi

- About 90-95% of
fluid rapidly
drained
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Small-scale Tube Evacuation Test Results: Option 2

> Dissolve CO, in
the liquid which
would then come
out of solution
once drain pump
was turned on

- CO, dissolved in
water

- No significant
benefit to
evacuation —
iInconsistent
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Notional flight configuration for Option 3:
Start-Up Heater

3 Start-up heater ~ Heatis applied at the end of the column furthest from the
used at start of pump. Vaporis generated there upon pump activation
the fluid column  and provides driving pressure for fluid evacuation.

Main Valve Warmer Fluid from Fluid Flow on
#1 Altair Always \
_® 0 Ok » \
Bypass
Valve
Radiator Ts#o
Heat v Panel
Source TS b1
_ » TS #2
Tube Sets TS #3
TS| #4
TS #5
Accum
Cooler Fluid to 8
l Altair | | | | |
= O
Ccv Main Yalve
#2 *Startup heater 14
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Small-scale Tube Evacuation Test Results: Option 3

» Heater to warm the
fluid at the upstream
end

» Vapor generated at
that point would then
provide driving
pressure

- 15 Watts applied for
30 seconds before
pump start

- About 95% of fluid
successfully drained P, ©
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Notional flight configuration for Option 4:
Vent Fluid to Space

4 Ventthe fluidto  The fluidis vented to space through a valve. Requires an
space upstream pressurant to ensure proper venting. Flight
heritage on MPF and MER.
Pr.
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Option 5: Freezable leg with surrogate tube.
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—
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Trade-study summary for Digital Radiator configuration options

Performance Baseline Option 4
Parameter

Configuration

Mass

Mass for Altair
config

Power

Power for Altair
config

Reliability
Volume
Scalability
TRL

Flexibility

Comments

Ewvac pump

Heavy

120 kg

MNominal

20W for 5
minutes

Medium
Large

Yes

High

High amount of
remnant fluid
makes this
option
untenable

Evac pump + CO;
tank

Heavier

132 kg

Mominal

20W for & minutes

Medium
Large

Yes

Mot as high

Material
compatibility with
dissolved CO,
and its effect on
main pump is
TBD

Evac pump +
dissolved CO;

Heavy

120 kg

Mominal

20W for
minutes

Medium
Large

Yes

410 5

High

Material
compatibility
with dissolved
CO; and its

effect on main
pump is TBD

Evac pump +
startup heater

Heavy

121 kg

Above nominal

20W for one
minute + 20V
for 5 minutes

Medium
Large

Yes

410 5

High

Requires a
sufficient
amount of
heated fluid to

displace tube
volume

CO, tank +
vent valve to
space

Heavy

123 kg

Below
nominal

10W for 1
minute

High

Large

Yes

Mot as high

MPF, MER
flight
heritage

Surrogate
tube and
valve set

Least Heavy

112 kg
Least power

oW for 10
seconds

Very High
Smaller

Yes

High only
with mass
increase

Each leg can

be turned-up

only once

per

surrogate 18
tube



Selected Point Design

Point design for full-scale

rad|at0r l, LV1 i Lv2 i LVv3 i Lv4 i LV5 i
Main Pump \

Startup heater on e \ ¥ e | * *

. ! Start-up Heater
dedicated stub for tube
evacuation

3-Way latch valve to '~
allow evacuation while Heat Load
continuing to flow through !
remainder of panel Aeoumator J.

Radiator

Number of evacuation !

pumps is TBD e LVF% valr'l%g LVF‘% L\th L\F%

Number of accumulators B N | | | | 0

iS TBD Check Valve % /

Evacuation Pump
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Example Turn-Down Scenario

Initial State: entire radiator being utilized
(all branches open)

Step 1: FSW begins sequence for leg
turn-down

Step 2: Close LV5 and redirect LV5' to
Evacuation Pump

Step 2: Power start-up heater on Line 5
Step 3: Power on Evacuation Pump
Step 4: Power off start-up heater

Step 5: Power off Evacuation Pump after

Step 6: Close LV5’

The check valve downstream of the gear
pump prevents backflow of the fluid
during evacuation of lines.

The variable heat rejection state changes
will be controlled by the flight software
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. \

Main Pump \
i 1
Filter ’
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Accumulator |
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Digital Radiator System Model Description

R L L
(101 ETEIE N LR,

Four panels of 2mx 3.3m
in parallel with bypass line.

' Aluminum Tubing
. Qty =23
Aluminum Facesheet (Top) \ Contactor to Inside of Top Facesheet
Contactor from Top to Bottom
Facesheets: 300 W/m-K Aluminum Facesheet (Bottom)
B Bottom Radiation to Sink
Represents ¥ Honeycomb
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Digital Radiator Turn-Down States for the Altair Mission
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Low Earth Orbit: Qrej=1080W, Tsink=190K

T\ = 288K

Total mpor = 0.058kg/s

—_—— e, =

Bypass
mpo7 = 0.049kgfs

"HmHmHHHmHmIJH\IHIﬂ " VAL
LRHNRHHRTTTEN llumumnunmlmnmumuu
uHmHmumumnmnmnmumumnmnmnmuu
LRLNRU R R R R R R
AN ALEL LD ELRD AR LEORE LAUR FOLET ELRRT AUEDE DLOLE TRDEE LD LR
RLHRU R R R R R R
T TR ERREE TR DEOE DROE DEOERELE AR TEARE DRORE QRO TR
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII l

THCOCOERREREEELRE ORI PO RO ARRRE AT

| ECO DR LFOLE CELRRANED FOLT ELERERLEDE DL TR

LR R LR R R LR

| CO DR LEOLECEORRANED FLLT ELERERLEDE DLRLE TR

TR ARREE PR LR RO RO AR LR LRn

|00 DA EROL POLRE DAEAL CRDLE ELREARERTE RRLRE LAEAD 10

(LR R LR ER L

AT = ~5K

\
o

Tour = 282.7K
AP = ~3PSI Total Qgg, = 1075W



¢

©

936W, Tsink=72K

T\n= 288K
Total mpor = 0.058kg/s

Lunar Coast: Qre;j

Trans

Bypass
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S

Tour = 283.4K
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AP = ~5PSI
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pre-Low Lunar Orbit: Qrej=3535W, Tsink=72K

Tn=301K
Total mpgr = 0. 058kgls
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4800W, Tsink=222K

Low Lunar Orbit: Qrej

307K
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Bench Top Test Article Description

to vacuum Fill Reservoir

centrifugal pump

bypass line

heat
source

chiller plates

accumulator

PG-2

GAIAA

LEG 3
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Bench Top Test Article Description
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Conclusions

- The Digital Radiator permits mission flexibility while conserving
resources

- Tolerant of widely varying heat rejection requirements and sink
temperatures

- Conserves survival power
- Radiator states are be changed quickly

» Areas which require further development

- Heater and reservoir design to maximize evacuation while
minimizing power and time to evacuate (stagnation time)

- Need to demonstrate concurrent evacuation of multiple tubes
through common drain manifold

- Fault scenarios
- Latch valves require design and flight development program

30
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