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In order to measure heat loads through the
insulation system (spray-on foam insulation
(SOFI) and multilayer insulation (MLI)) on
the Structural Heat Intercept, Insulation, and
Vibration Evaluation Rig (SHIIVER), the
team needed a method to measure local
heat fluxes on the tank at 20 K. It is expected
that the heat flux will not be constant around

The heat flux sensor was installed between
two copper plates and a nylon block. The
nylon and copper were made several inches
wider than the heat flux sensor to provide a
guarded area.

The copper plates were maintained at differ-
ent temperatures by a cryocooler in the top
plate and a heater in the bottom plate. The

A flat plate calorimeter at Glenn was used that was
already essentially plumbed up from vapor-cooled
skirt subscale testing. Six sensors (0 initial sample, 1,
2, 3, 18, and 19) were installed onto the bottom of the
calorimeter. LN2 test results were compared to LH2.
Two different heat fluxes were achieved by controlling
the number of MLI layers and running a soft vacuum
case to get a really high heat load.
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SHIIVER tank being installed into the
In-Space Propulsion Facility.

This indicated there was a thermal short

The statistical analysis of the different sensors (shown below) indicates that the sensors responded
between the chambers.

similarly amongst the group. This was good as there was some concern about biases of the sensors
being different for each. The general differences in the outputs was much higher at 20 and 77 K than

10 20 30 40 50 60 70 80
Time, hr

. 0.30 Conclusions at room temperature. But the concern was in the validity of the measure heat fluxes, so no
| [E)‘;’l't':ﬁ‘;fsvll:‘::ter . Heat flux sensors were demonstrated to work at temperatures as low as 20 K. ASTM C-1130 numerical data could be extracted.
P 0.20 proved to be workable at cryogenic temperatures, but took much longer due to the required | : :
o deha Pressure ' . . Test Scenario Average  Min Max St. Dev Range Uncertainty
015 use of a thermal insulator between the two copper plates. The results from C—-1130 testing csmne e R EEE R I’;ﬁl TUUU Y -197E-03 3.46F-  -839E-  842E-04  262E-03  -66%
(7 S cgr . . YE REELEELE VL b K : ‘ ‘ : :
i 010 & showed the sensors to have a cryogenic linear sensitivity very similar to the room tempera- - I§§ Iggl kglg I T 03 04
» 0.05 2 ture values with a zero-flux offset. While there is some concern with the general repeatability o N I e e i e e e B
73 . T . S § ¢ N E
8 0.00 4 of the sensors, they were shown to be in general in line with each other when tested on a flat g 150000 \ B g% : JUIIN -5.56E-04 -7.61E-  -428E-  128E-04  333E-04  -30%
L = - 0 . . . . . = 8% s
—0.05 & _ - S joeos 2 Y N E 04 04
plgte ca.lorlmeter with magnitudes approxmately in line with the measured heat qud Unper » §§ : T I T e T T
-0.10 tainty with the heat load onto the flat plate calorimeter prevented a more thorough investiga- % asoeo : gg 03 04
-0.15 tion of the data. As a result of the testing, 16 sensors were installed onto the SHIIVER tank sonen — Vi -9.37E-03 -1.34E-  -6.73E-  248E-03  6.65E-03  -36%
. . | : i 02 03
—0.20 for testing expected to begin the summer of 2019. asem gg : ToenE T o7
HENE

Room -3.52E-04 -3.75E- -3.27E-
Temp 04 04

4.00€-03

PS-02925-0719



