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SUMMARY

The effort during the past month has been directed toward the completion
of the coated feed system testing and data analysis of both the uncoated

and coated system tests. Writing of the final report was also initiated.

A total of eleven tests were conducted with the coated feed system during
_three days of testing. Chill data was acquired for thermal conditioning
of the system from ambient initial conditions using a duct inlet propel-
lent pressure of 72 psig. A comparisoh with the respective uncoated
system test indicates the coat|ng resulted in a significant reductton in
the time required for propellant temperatures at the pump inlet and exut

to reach saturated conditions.

After fhree tests>tovdeterminevsteady-State'pump performancevand'hominal
start transient operat}bn,.three coated system turbopump starts were
attempted with varioué degrees of pre;chfil; Although not acutally
demonstrated in testing, data analysisvindicateS-it may Be possible to
start the turbopump in less than ten seconds after chill flow is initiated.
‘Thls start tlme could probably be realized with an inlet pressure of

65 psig if the start sequence used in testing were modified.

Finally, four deadhead pump starts were attempted with a downstream uolume
of 3.45 cubic feet and discharge pressures of 600, 500 and 400 psig
initiating opening of the doWnstream throttle valve. The uncoated pump
started with all three of these ""trigger' pressures, but only the lowest
pressure was successful with the coated syStem. Due to the degradation

in pump performance caused by the coating, the two highest triggef pressures

exceeded the discharge phessure'achievable at nominal speed.
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Upon conclusion of these tests, the coated inlet line and pump were
removed from the test stand, visually inspected and placed in storage.
With very minor exceptions and some larger pieces which were broken
loose by flexing the inlet line bellows during removal, the superficial

inspection indicated the coatings stayed on extremely well.

.y v
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INTRODUCT ION

The purpose of this program is to design and develop a liqufd'cryegen
turbomachinery that can achieve rapid starts with minimum thermal
preconditioning and with increase in paylbad potential and miesion
flexibility of the Space Shuttle vehicle. Such turbomachinery could
have particular application in the auxiliary propulsion system (APS)

where minimum and random starts are required.

Propellant feed system chilldown time can be reduced through the use of
coatings. Previous contracted efforts (NAS8-20167 and NAS8-20324) have
demonstrated improved lfne chilldown efficiency, material compatibility
and application techniques for turbomachinery. Additional effort needs
to be performed to define design features and control or functional
parameters that promote rapid start transients, minimize propellant

losses and upgrade performance of adJacent subsystems.

The potential advantages for utilizing coated propellant pumps are tﬁe
minimizing of chilldown losses, simpliinng pump start requirements and
incfeased system operating flexibility. Rapid pump starts, particularly
in an APS application suggest turbomachihery design and controls that
provide a ''deadhead' start capability. The relationship between a dead-

head start and the degree of pump chilldown is presently unknown.

"The objective of thus program will be to develop data on a typucal
- auxiliary propu15|on hydrogen feed system to determine the |nterrelat|on-
ship between feed system coatings, chilldown time, deadhead starting,

minimum start times, feed system geometry, and control functions.
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DISCUSSION

TASK 111

Data analysis of the uncoated . feed system tests was completed. These
tests were discussed in the quarterly report last month and will not be
reiterated at this time. Documentation of these tests for the final

report has been initiated.
TASK 1V

A total of eleven tests with the coated feed system were conducted
between 4 April and 9 April.. The system was chilled from ambient initial
conditions three times. The first of these tests was to obtain chill
data and utifized ducting and instrumentation calibrations suitable for
achieving accurate data under low flow conditions. The inlet duct pro-
pellant puressure for this test was approximately 72 psig. The pump
inlet and exit propellant temperatures for this test are compared with
those for an uncoated feed system with an inlet duét pressure of approxi-
mately 75 psig in Figs. 1 and 2. As shown, the coétings significantly
reduce  the tjme required fof these tempefatures to reach saturated

conditions.

Three tests were conducted to determine the3steady-state pump performance
and establish the nominal start transient. The coéted pump develops
approximately twenty percent less head than the uncoated one for a given

flow and speed.

Turbopump start tests were aiso cdnducfed with three different degrees of
pre-chill. These tests differed from those run previously in that both

downstream ducts, i.e., those used for chill and start tests, were open
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during pre-;hill. Figure 3 shows a flow schematic. With the emphasis on
_starting in the shortest possible time, it was decided to flow through

the chill-test ducting during pre-chill because of its low resistance.
Rather than try to open the throttle valve during turbopump acceleration,
the throttle valve was also open during pre-chill. Since the chill-test
ducting had not been used at high pressures and the throttle valve position
had not been cafibrated with the chill systém valve open, it was necessary
to close the chill system valve prior to turbopump rotation. This

sequencing was done manually.

The results of the first tesf, éhilled frdm'ambieﬁt initial conditions, are
shown in Figs, Lka through he. Pump speed'accelerates very rapidly to
30,000 rpm and an automatic cut is initiated (Fig. 4a). Pump pressure rise
is negative prior to rotation (Fig. 4b). At approximately ten seconds the
pressure drop through the pump is reduced because the flow is reduced when
the chill system valve is closed. A pump préssure rise of approximately
IOOIpsi is achieved during rotation. A chill flow of approximately 80 gpm
| is estébiished before the chill system valve is'clbsed;-but, afterwards,
this Vajbe is cut in half (Fig. 4¢). The very high peaks in flow indicated
by the turbine-type flowmeter are due to vapor. The pump inlet hydrogen
temperature steadily deCréaSes to less than S500R before the chill system
" valve is closed;:but, afterwards, heated vapor is generated by residual
duct heat (Fig. kd). Vapor is present when'pump rotation is initiated.
The pump exit temperature steadily decreases to less than 40°R before the
chill system valve is closed, but heated vapor is generated afterwards
(Fig. 4e). The lower temperature at the pump exit than at the inlet is due

to the lower pressure. Vapor is present when pump rotation is initiated.

Results from the second test are presented in Figs. 5a through 5e. . This

~ test followed a previous chill rafher'thanbbéing at ambient initial
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SEQUENCE

Open valve in chill system dischargé line (chill system valve).
Open valve in start system discharge line (throttle valve).
Open valve in inlet:line~(infet valve).

Close chill system valve.

Open valve in turbine inlet line. (turbine valve).

Automatic turbine overspeed cut initiated (30,000 rpm).

SCHEMATIC

LH GH

Inlet »_‘ 3 » Turbine
Valve / \ ' Valve

_Pump 22777277273 Turbine -

Chill : :

System E] Throttle

Valve Valve
(chin : (Start
~ Tests) Tests)
Venturi

Figure 3. Test Sequence and Schematic

TN
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Figure 5. Transients for Second Partial-Chill Test
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conditions and therefore absolute times should not be compared with

the previously discussed test. The pump accelerated to approximately
22,000 rpm and leveled off for one second before a breakdown in developed
head occurred (Fig. 5a). A pump pressure rise of nearly 400 psi was
developed before breakdown (Fig. 5b). After a steady chill flow of

80 gpm, the flow decreased (after an initial oscillation) when the chill
system valve was closed (Fig. 5c). Hydrogen temperature at the pump
inlet was less than 50°R before the chill system valve was closed; but,
afterwards, the lower chill flow caused the inlet temperature to spike

to over 60°R and undoubtedly pockets of heated vapor were generated in
the inlet duct (Fig. 5d). This was a less severe condition than observed
in the previous case and indicates a more fully chilled System.' The pump
exit temperature was 41°R before the chill system valve was closed; but,

after oscillating, went off”scale after the valve was closed (Fig. 5e).

The results of the third test, which starfed‘successfully, are shown in
Figs. 6a through be. This test also followed a previous chill and absolute
times are not meaningfu].. The pump spegd transient was very smooth and
settled out at 22,000 rpm (Fig. 6a). The pump pressure rise was 450 psi
(Fig. 6b). The chill flow gradually increased from 80 to 180 gpm before
the chill system valve was closed (Fig. 6c). Afterwards, the chill flow
decreased to hO'gpm. A normal flow transient was then indicated during
turbopump start. The pump inlet temperature decreased to 44OR before the
chill system valve was closed, but then jumped td almost 50°R after the

- valve was closed (Fig. 6d). This temperature trace indicates this test
to be the most chilled of the three. The pump exit temperature decreased
to less than 4OOR before the chill system valve was closed, but then
increased to 50°R after closure (Fig. 6e). Upon initiation of pump

rotation, the exit temperature increases due to pump inefficiency.
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It is conceivable that the first two teéts were unsuccessful because of
propellant conditions which resulted from closing the chill system valve
rather than being the result of lesser degrees of pre-chill prior to

pump rotation. It is significant to note that the third test started
successfully with an inlet temperature of 50°R (the temperature which
existed after the chill system valve was closed). Figures 1d and le show
the pump inlet and exit hydrogen temperatures were chilled from ambient
conditions to less than 50 and LOOR, respectively, in less than ten
seconds. With an autbmated sequencé to prevent a reduction fn the chill
flow immedaitely preceding pump rotation, it is speculated this test may

have started successfully.

The other four coated feed system tests were -under deadhead conditions.

The results are not directly re]gtab}e_;d the.uncoated system tests,
however, because the coated pump genéfates significantly less head. The
coated pump was started under deadhead conditions with a discharge pressure
of hOO psig used to initiate opening of the throttie valve. A summary of

~ the uncoated system tests is presented in Table 1.



Purgose
Chill to 100%

Pump Performance

Pump Performance
Nominal Start Conditions

Start With Partial Chill

Start With-Partial Chill
(Intermediate Chill)

Start With Partial Chill
(Least Chilled)

- Start With Partial Chill
- (Most Chilled) *

Deadhead Start With
" 100% Chill .

Deadhead Start with
100% Chill - =~

Deadhead Staft With
100% Chill

Deadhead Start With'
100% Chill"

ASR 73-172

3.45

Page 17
Table 1. Summary of Coated Feed System Tests
Valve
Test Inlet -Trigger Discharge
Number Pressure Pressure  Volume Comments
; (psig)  (psig) {cu.ft) -
24 72 NA NA Acceptable data
25 65 Valve Open 3.45 Acceptable data, Double
: rpm indicated (wrong
number of gear teeth
assumed)
26 65 Valve Open 3.45 Acceptable data
27 65 Valve Opén 3.45 Acceptable data
28a 65 Valve Open 3.45 Pre-start cut (incorrect
valve position detect)
28b 65 Valve Open 3.45 Breakdown in developed
' . ‘head, Overspeed cut
30 65 Valve Openv 3.45 Breakdown in developed
: : _ head, Overspeed cut
31 65 Valve Open  3.45 .Acceptable start
29 65 - 600 3.45 Breakdown in devéloped head
- (trigger pressure set higher
than nominal discharge
pressure) ,0verspeed cut
32 65 600 3.45 Breakdown in developed head
o : (trigger pressure set higher
than nominal discharge
pressure), Overspeed cut
33 65 500 3.45  Breakdown in developed head
' (trigger pressuer set higher
than nominal discharge
pressure), Overspeed cut
34 65 400

Acceptabie start
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PLANNED EFFORT

Work has been completed as shown in Fig. 7. Writing of the draft

copy of the final report has been initiated and will continue.

EXPENDITURES

A total of approximately 7250 hours and $l97,9|0 have been expended,

including materials.



Flgure 7. Schedule for !.ll2 Turbopump Rapld Start Program (Contract NAS8-27608)

‘=== .Revised Schedule (Approved 10 October 1972) _
W Original scheduls - Completed Tasks

1971 1972 1973
ASKS JuL | AuG |sEpTjocT | Nov [DEC | JAN | FEB{ MAR | APR | MAY| JUN | JUL AUG |SEPT| ocT |Nov | DEC |JAN | FEB {MAR |APR |MAY | JUN| JUL %
TAS sl 2 s el sl eda ] sl o Jao ] dazdas daatas jae Ja7 s 1o 120 {21 122 125 L 24 L25
SURITERIY S
TASK I - ANALYTICAL STUDIES
A, Thermal Analysis = v 1o0¢
B, Turbomachinery Analysis . N 109
C. System Evaluation P 101
b. GD/C Line Analysis 100
‘TASK 11 - LABORATORY SAMPLE TESTS
A. Coating & Application Screen, 100
B, Immersion Tests ' 190
C, Oxygen Impact Tests 109
D. Adherence Tests 100
. E. Cryogenic Flow Tests 100
F. Coating & Application Selection Pump M . | 100
: : ) Assembly Punp #1 at
TASK {11 - PROPELLANT FEED SYSTEM TESTS . ot NSPC Rocketdyne
A, Turbopump Prevpnrnuon- . F L 777777} . .o 100
3, Facility Preparation . DTS SIEN I W ENEIF A 717 100
C, ‘System Tests R - “ezznm 160
D. Data Analysis 100
g. GD/C Data Analysis Punp #2 Pump #3  m— 0
PuED #2 s Parts at’ Parts pump #2 at
TASK IV - COATED SYSTEM TESTS Disassembly \ Rocketdyne at MSFC | Rocketdyne
' at MSFC \ | v w \YJ 105
A. Turbopump L Line Preparation . [ nvesnnve oo sore: R TICO TN INENSS VLA ¢
B. System Test -/ . (//' - :gg
o 3;1; IA):::y::\:l sis Parts. ““Rebuild ﬁm, 0
D. / y Coating ‘At MSFC
TASK V - REPORTS
—— A | A A A A A A A Al A A A A A A
A, Monthly
B, Quarterly ® [ ] )
C, Final Draft ! e L4 ® ° )
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