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ANALYSIS WORKSHOP

o 4x6 ft horizontal
chamber

 Vacuum System:

— Oil-free mechanical
pump and cryogenic
pump

« Thermal Simulation

— Twelve independently
controlled stainless
steel panels

 Contamination
monitoring:
— TQCM, cold finger,
scavenger plate
* |nstrumentation:

— Type-T TCs and a
PIXIE Labview
System

— Six instrumentation /
power feedthrough
ports

4 WFF Chamber Overview |

TFAWS 2019 — August 26-30, 2019 2



Shroud Thermal Control

 Thermal Shroud Control

— LN2 supply flows through
shrouds controlled via
solenoids

— Heat is supplied through
block heaters attached to
the rear of each shroud

— Each shroud has an
Individual LN2 supply and
exhaust line and individual
heaters for completely
iIndependent control

— Provides temperature
control between -100 C
and +125 C
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Recent Projects
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& Ice Cube Shroud Data NG

ANALYSIS WORKSHOP
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Project Overview

* ODbjectives:

— Develop a calibrated thermal model of the WFF Thermal
Vacuum Chamber

— Investigate shroud performance with current thermal control
system

* Test Plan
— Design a test fixture to simulate a 6U payload
— Minimize heat transfer between faces
— Add a known heatload to each face
— Test chamber at 3 test conditions
— Compile results
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ANALYSIS WORKSHOP

& Calibration Fixture Design |

e Test Fixture Design:
— 3D printed frame to minimize
conduction between faces
« Thermal Conductivity:
* G10: 0.288 W/mK
« ABS Plastic: 0.17 W/mK
— Source Matweb
— 1/8” Aluminum 6061 faceplates
* mounted with four #6 bolts
« Coated with black Kapton

» Heater applied on interior
surface

« MLI coating on the interior of the
box

» Three thermocouples installed
per face
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"% Hand Calculated Thermal Prediction Q&

 Assume minimal conduction and no source of flux

inxture + Qflux emitted = 0
inxture = exAx0x* (T14 — T24) *

inxture = Qnegter = 2.5Wor5WwW

— Testingat40C, -40C, and-80C

* A=.0535m? Chamber Temp (°C)| Fixture Prediction (°C)
* A=.00249 m= Z Face 40 55.6
* A= .0162 m? X Face 40 56.7
- F=1 Y Face 40 64.7
« =038 Z Face -40 -7.0
e 0 =567 x 108 W/m2/K* X Face 40 5.0
e T, =-40 C =233.15K Y Face -40 9.2
e T, = Fixture Temp Z Face -80 -30.8
X Face -80 -28.0
Y Face -80 -10.0
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& Thermal Model N0

* Developed thermal model of the
chamber
— lIgnored gaps between shrouds

— Set shrouds to stainless steel with
Z306 paint after 3 years GEO

» Solar absorptivity: 0.93
» IR emissivity: 0.87

— Shrouds were set to boundary nodes
with a set temperature to simulate
ideal chamber conditions

* Developed Model of test fixture

— Assumed no conduction between
faces

— Applied MLI coating to interior surface

— Applied black Kapton to exterior
surface

— 1/8” aluminum plates
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Solutions run to steady state
Assumed to be deep space, no effects

of air

Shroud temperatures are set in each

Thermal Model Results

case to desired temp

[+ ][Custom View][THERMAL_PP]

Six Cases:
« At40C, -40C, and -80 C
» With and without heaters
40 heatload
i 7o R Delta
min (°C) | max (°C) Temp (°C)
+X 57.1 59.9 18.5
-X 57.1 59.9 18.5
+Y 63.5 65.4 24.5
-Y 63.6 65.6 24.6 \
+Z 55.7 59.6 17.6 7
-Z 55.7 59.7 17.7 |<z

Temperature [Cl, Time = 0 sec
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Hand Calc

Thermal Model

A(m"2) 1Q (W)] Chamber Temp (°C) Prediction (°C) Prediction (°C)

ZFace |0.053527 5 40 55.6 57.7
X Face |0.024857| 2.5 40 56.7 58.5
Y Face |0.016187| 2.5 40 64.7 64.5
ZFace |0.053527] 5 -40 -7.0 -5.3
X Face [0.024857| 2.5 -40 -5.0 -3.4
Y Face |0.016187| 2.5 -40 9.2 7.6

ZFace |0.053527| 5 -80 -30.8 -27.5
X Face |0.024857| 2.5 -80 -28.0 -24.7
Y Face |0.016187| 2.5 -80 -10.0 -10.8
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First Lesson

Shroud Controlle
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40°C Shroud Controller Temperatures
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40 C Test

ANALYSIS WORKSHOP
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-40 C Test
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-40°C Shroud Monitor Temps
T T

100 . .
‘ z : — chshréA
— chshria
— chshroa
50 |- - —— ChShr8B
— ChShr3A
_ ChShroB
e — ChshréB
£ of 4 | — chshraa
‘g — Chshraa
E‘ ~ — ChDoorA
2 = — ChDoorB
B B N i s v i s M e e ==y — ChshrsB
ChShr10A
— CchShrsA
o0 Y. ... | |7 Chshrios
: ' ' WEFF — ChShrza
' ' . L L - | — chshr7s
20 — ChShr7a
— +Za — ChShr2B
— +ic Chshr3B
1or — -Xc — chshrlB
— -Xb — ChRearA
of — Xa — ChRearB
S +Ya — Chshr4B
L — +Yb
o —10f-
5 — +YcC
g — -Za
g—lof — -Zb
= — -Zc
30} — -Yc
“Yb
— -Ya
—A0p — +Xa
0 L : : ‘ ‘ : WFF — +Xb
0 1 2 3 4 5 6 7

Time (Hours)

TFAWS 2019 — August 26-30, 2019 15



ANALYSIS WORKSHOP
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Chamber test to -40 C

ANALYSIS WORKSHOP

-40°C no heatload balance - controller temperatures
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Chamber test to -40 C
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& 40C Results NAsa

« Chamber temps were slightly warmer than targeted 40C.
* Fixture temperatures were generally cooler by 3-5C than

the predictions.

40°C Balance Predictions
) Hand Calc | Thermal
Chamber | Fixture Delta o
Temp (°C) | Temp (°C) | Temp (°C) Prediction | Model
(°C) (°C)
+X 40.2 52 11.8
56.7 58.5
-X 45.5 59 13.5
+Y 42.4 59.5 17.1
64.7 64.5
-Y 42.7 58.5 15.8
+Z 41 52.3 11.3
55.6 57.7
-Z 44.1 57 12.9
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40C Results

 The chamber temperatures approach -40C but are 0.5 —
4.5 degrees warm

* The fixture temperatures are cooler than the predicted
temperatures by roughly 40%

-40°C Balance Predictions
) Hand Calc | Thermal
Chamber | Fixture Delta o
Temp (°C) | Temp (°C)| Temp (°C) Prediction | Model
(°C) (°C)
+X -38 -13 25
-5.0 -3.4
-X -35.5 -11 24.5
+Y -36 -6 30
9.2 7.6
-Y -39.5 -11 28.5
+7 -34 -8 26
-7.0 -5.3
-/ -37 -12 25
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80C Results

 The chamber temperatures are roughly 13 to 18 degres
warmer than target temperature

« The fixture temperatures are cooler than the predicted
temperatures by roughly 40%

— Possible source of discrepancy was conduction from the cold
faces to the warm faces.

— Also possible conduction from small amount of air in the

chamber
-80°C Balance Predictions
Chamber | Fixture Delta Ha”‘?' C-alc Thermal
Prediction

Temp (°C) [ Temp (°C) | Temp (°C) C) Model (°C)
+X -66.2 -60 6.2
-X -64.7 -46 18.7] -28.0 -24.7
+Y -67.6 -60.5 7.1
-Y -67.6 -38 29.6] -10.0 -10.8
+Z -62.2 -55.5 6.7
-Z -67.6 -43 24.6] -30.8 -27.5
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\

2% Summary

« (Calibration tool successfully provided additional
Information on the performance of the chamber

— Highlighted some discrepancy between actual chamber
temperatures and control PID values for better chamber
operations

* Provides a useful exercise for thermal modelling

* Provides a fixture to use during training, and
maintenance of the thermal vacuum chamber
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& Future Work -

 Correlate chamber model to the data results

» Develop second fixture with flight components
— (10, Tayco heaters, etc....
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WFF Thermal Vacuum Chamber:

4ft x 6ft chamber

Applications:

Space Qualification Testing

* Below 1x10- torr
Balloon and Aircraft Testing

* Between 0.25 and 760 torr
Thermal balance and performance
Thermal qualification and
acceptance
Contamination bake-out in
vacuum

Contact:
e Nathan Cordrey
e Nathan.A.Cordrey@nasa.gov
« (757)824-2179
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Acronyms NCS'A

C — Celsius

Ft — foot

LN2 — Liquid Nitrogen

m — Meter

MLI — Multi Layer Insulation
K - Kelvin

TC - Thermocouple

TQCM — Thermoelectric Quartz Crystal Microbalance
W - Watt

WEFF - Wallops Flight Facility
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Results Table

ANALYSIS WORKSHOP

40°C Balance Predictions
. Hand Calc | Thermal
Chamber | Fixture Delta o
Temp (°C) | Temp (°C) | Temp (°C) Prediction | Model
(°C) (°C)
+X 40.2 52 11.8
56.7 58.5
-X 45,5 59 13.5
+Y 42.4 59.5 17.1 617 64 0B m——
Y 42.7 58.5 15.8 ' ' . aance — rle ictions
+Z 41 52.3 11.3 Chamber | Fixture Delta an. .a ¢ Thermal
55.6 57.7 Prediction
-Z 44.1 57 12.9 Temp (°C)| Temp (°C) | Temp (°C) 0) Model (°C)
+X -66.2 -60 6.2
-X -64.7 -46 18.7 -28.0 -24.7
+Y -67.6 -60.5 7.1
-40°C Balance Predictions Y -67.6 -38 29.6| -100 -10.8
Chamber | Fixture Delta Hand Calc | Thermal < — =2 >
Termp (<) Temp (°C)| Temp ¢C) Prediction Model -Z -67.6 -43 24.6 -30.8 -27.5
(°C) (°C)
+X -38 -13 25
-5.0 -3.4
-X -35.5 -11 24.5
+Y -36 -6 30
9.2 7.6
-Y -39.5 -11 28.5
+Z -34 -8 26
-7.0 -5.3
-Z -37 -12 25
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