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FOREWORD

This preliminary engineering report i{s for the design of a subscale jet
engine driven cjector/diffuser system for installation at MSFC'e Cold Flow
Calibration Facility, Bullding 4554. The work was performed by persomnel of
the Lockheed-Huntsville Research & Engineering Center under the direction of
C.J. Wojclechowski, Project Engineer. The effort was conducted for NASA=-
Marshall Space Flight Center under Contract NAS8-35051.Included herein are
analyt ical results and preliminary design drawings and plans. This document
is the final report required under this contract., The NASA-MSFC Contracting
Officer's Representative for this study was Mr, K.E. Riggs, EP23,
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NOMENCLATURE

area
sonic or throat area
gaseous nitrogen

length

Mach number

flow rate

normal boiling point
pressure

radius

relative humidity

ejector mass flow to pumped mass flow ratio
temperatyre

velocity

J=37 air bleed flow rate

time

cell or chamber

detonation conditions
ejector mixing tube exit
pertains to ejector

mixing tube

static conditions

total conditions

downstream of a normal shock
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L. INTRODUCTION

The National Acronautics and Space Administration long range plans iun-
dicate the need for a high expansion ratio, high performauce uppur stage
engine. An altitude simulation test factility will be needed, first to
develop the technology for such an engine, and second to provide the devel-
opment testing for the engine. State-of=-the-art steam driven ejector sys-
tems are projected to be extremely costly, and as a result NASA has becn
exploring other less costly means of providiug altltude si.ulation cap-
ability. One of the more promising concepts uses the exhaust of conven-
tional jet engines to provide the working fluid for driving the ejectors.
In a recent study conducted by Lockheed (Contract NAS8-33981) such a system
wis found to be analytically feasible. UHSFC funtends to experimentally
demonstrate the concept through the design, fabrication and test of a

subacale pilot model,

This document is the final report under thils contract, During the
course of the design study, several oral presentations were presented to
NASA=-MSFC at the COR's request. Documentation from these presentations are
considered as part of the overall study documentation, Presentations that

were glven are listed t  ~w,

LIST OF ORAL PRESENTATIONS

Date Title Documentation
8 Apr 1983 Program Plan
23 Jun 1983 30 Percent Design Review LMSC=-HREC PR D867208

24 Aug 1983 60 Percent Design Review LMSC=HREC PR DB67272
23 Feb 1984 Program Plan for Amended Scope LMSC-HREC PR D%51319
of Work and Review to Date

Analysis

13 Apr 1984 Full Scale Gasdynamic Safety Appendix A (This Report)
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2, OBJECTIVES AND REQUIREMENTS

This subscale deaign effort was initiated on 2 April 1983, 1In the
process of developing the subscale design, significant safety questions

.\ arose regarding the performance of a full scale system during an actual hot

firing of a space engine, especially hydrogen detonation hazards and how
they may be controlled, An added scope of work to this contract was issued
by MSFC on 1l January 1984 to study the full scale safety issues, The

1.,

T m T eTRe T
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4,

3.

| 6.

original and added scope of work objectives are listed below:

& Original Cbjectives

Deaign a subscale working model for future full scale testing
of OTV engines in a simulated space environment.

Verify that the analyses, design, and performance prediction
techniques previously developed are valid and applicable to
this concept,

Identify for further consideration areas where the analyses
and design techniques may not be complete and fully developed

and must be supplemented with test data to be obtained in this
facility,

Provide final design drawings for a prototype systenm,

® Ammended Scope of Work Objectives,

Perform a full scale system safety analysis and determine the

mechanisme to suppress detonation by design or operational
procedure,

Develop full scale configuration detail to support the above
objective and determine the design drivers for ad justable
ejectors,

Provide the design data necessary to make modifications to the
subscale system for adequate simulation of the full scale
safety issues and performance,
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8, Determine the sansitivity of the design to engine physical and
performance characterisatics,

® Secondary Objectives

These objectives are considerations only, and the prototype deaign will
not be compromised because of them:

l, Use as & teost facility for OTV thruster eagines with 0.5 to 1,0
lbm/sec flow rate,

2, Provide compatibility with Hot Gaa II Facility,

@ Requirements

The subscale, pilot model gas driven ejector will be designed to the
following requirements:

A. Test cell pressure: 0,02 paia
B, Thruster tlow rate: 0.50 lbm/sec of gaseous hydrogen

C, Thruster area ratiot 650:1
D. Initial inerting with gaseous nitrogen

E. Capable of being installed at and operating from MSFC's Cold Flow
Calibration Facility using a J=57 turbojet engine bleed air and
exhaust as the ejector driving medium

I, Provision for adequate simulation of the full scale facility hazard
control mechanisn,

Requirement E above was changed after contract award to use the J-57
turbojet engine exhaust instead of the MSFC Hot Gas Facility hot air exhaust
to drive the ejector system, Detu..ed design of the J=57 engine contruls,
fuel tanks and exhgust ducting was beyond the scope of this contract, Suf-
ficlent design of the J=57 exhaust ducting to the ejector system was per-
formed however, to enable a systeus compatibility analysis to be performed.
The last requirement (F) was added because of the amended Scope of Work,
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3, ENGINERRING ANALYSIS AND DESIGN

In the courne of porforming this task special attention wuas given to
defining such {saues and concerns as ojector performance, saflety dssues guch
an lhydrogen detonation hazards, ejector stubility and controllability,
eJector cooling requirements, and transient opsration, The main analytical
computer programs which were used in this study are listed in Refs, 1
through 3, The semi-empirical one=dimensional diffuser/ejector design pro-
gram developed in the Ref, 1 study, was modified in this study to accommno-

date temperature dependent ratios of specific heats (gamma),

The final subscale ejector/diffuser design as presented herein was
driven by the safety analysis results and @ jector performance requirements,
The mass flows to each ejector stage were dictated by the safety analysis
results when the facility is pumping hydrogen (H2) gas, The main safety
criterion arrived at, at the 30 percent design review (Ref, 4), was to de-

sign the facility to suppress I-l2 de*unation hazard potentials. The pro-
posed engineering approach was to:

1. Porce the mixture ratio to be out=of=hazard range,
¢ First Stage: Operate rich,
® Second Stage: Operate lean,

¢ Third Stage: Dilute second stage effluent
to flammability limit,

2, Suppress ignition Lo first and second stage mlxing ducts by

operating at low static temperatures and ptessures in the

presence of condensation fine particulate matter (snow from
ambient moisture),

® First Staget (T4 < 200 K, Tp < 700 K, Pr,2 < 1.1 psila)
® Second Stage: (Tg < 300 K; Tp < 700 K, Pp 2 < 6,6 psia)
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¢ Third Stage: Rarely flammable after mixing, non~detenatahle
but flammable prior te mixing (g < 660 K, )
Tr < 750 K, Pp 2 % 22,6 pria)

One of the ohjectives was to ohtain subscale ejector performance data
Lo enable deaign of a full meale Rystem,

Elector syatems arae nermally point
deniy

n4y, 1,0,, the hlank-off capability and the pumping capability are de~
fined, HNowever, since this was to be a test bed to obtain data for future i
deatign, the ejectors had to ho designed for variable area ratio to cover the ’
range of antfcipated full scale applications,

The main reasons for develop~
ing and testing variable area ratio ¢

Jectors in the subscale design are:

1. Proof-of=-concept data can be obtained from a working model.

2. A complete data base can be obtained applicable to full scale
design,

(¥ ]

The full scale ejector/diffuser must accommodate a family of
space engines and modes of operation. Each engine will re-
quire the ejector system to operate at different ejector
driving pressures and flow rates depending on safety con-
siderations and ejector performance.

Turbo jet engine operation is sensitive to exhaust exit area,
Consultation with Pratt & Whitney indicated that this should
not be a problem for the Jet engine application in this case
If the exliaust area can be adjusted to the particular Jet
engine. Experience has shown that Jet engines, although manu-~
factured to the same specifications, have individual char- |
acterlstics - especially after geveral years usage - and
therefore must be treated separately, Since the jet engines
to be used in the prototype, and eventually in the full scale
factlity, are Air Force surplus engines, they will not be
identical in performance, Designing the second and third
8tage ejector throat areas to be variable will enable fine
tuning of the jet engine being used. 1In addition, the
prototype diffuser/ ejector system will not be dependent on a
‘ single jet engine., FEngine interchangeability ts a design

l' Feature since the jot enginea are surplus Alr Force engines,

M M BEER e i v P b — T —

.- 3. Since the actual ejector throat area (vena contracta) is not
[. known “a priori" due to the compound curvature of the upper

e B |

5

i
LOCKHEED-HUNTSVILLE RESEARCH & ENGINEERING CENTER " '

P At “";“'"‘:h- - s = - . PRvR —————— - .I_..J




%
ET IMBC-HRIC TR D94%1414

A lower o joetar thrand Hurfaces, destgning all three e lector
thoat arean to be varlable WL factlicate fabrication und
. dnnenh iy ) e efeetors Lo the

PROPer area ab compared  wiith
thee very ¢lore (nle

rance redulrad for a fixed aren ratio elevtor,

b, The added complieation. of differantial thermal growth between
the npper and Lower ejector throat surfacus during long dura- ’
tion tostR can he adJusted dynamically during the test using '
real time monitoring of the ejector Flow rates, Third Hiugo
ejector throat area changes during the tests can he detoctod ,
hy deviation in the law Pressure comprussor rotor speed fall-
ing off{ the jet cngine calibratlon curve,

e i

;
3.1 SUBSCALE nIrpusne DES1GN

The subscale juot engine driven diffuser c¢jector system at the 90 per-

cent point 1s shown 1in Fig., 1. The design of the subscale jet engine driven

¢ Joctor/diffuser system as presented herein meets all of the requirements

presented previously, The features of the subscale design are:

® Three-stage ejector s

ystem required to obtain test cell pres-
sure of 0,02 psia

¢ High pressure compressor bleed a

ir to be utilized to drive the
first stage ejector

Normal rated power bleed parameters: Py ~ 150 paia:
Tp = 1137 Ry Wy, = 8.64 lbm/sec

= Military rated power bleed parameters (30 nloutes):
162 psia; Tp = 1182 R; Wy, = 1,65 Llbm/secc

¢ Turbine
¢ jectors

Pp = ‘
exhaust utilized to drive the second and third stage

=~ Normal rated gower exhauet parsmeters: Pp = 33 paia;
Tp = 1405 R; W = 157 1bn/sec

= Military rated power exhdust parameters (30 minutes):

Pp

= 36 peda, Ty = 1500 R; W = 165 1bm/sec |
|
® Ejector design to be scale-up of previously tested design, |
!
6 '
!
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FMD = Flow meanuring deviee

PFCV = Prossure and flow control valve
3 “  (heek valve

EMCV = Bleetromechanleal control valve

FLOP o Flow Limlt fwye ordfiee plate

et 11

Bl e F

1st Btage Ejuttor

ind Stage Ejoctor l ! Jrd Scage Ejecter

(1b/sec)
01 GNz-
l’ Hz*
' PFVC Digicell + oN, Tuatting
m = 2:81ph/gae oy
Py = 6u341b/40? - on, Iserting
t ;uilu.,
\ 3 1b/nace
¢ PFCV o Bp = 40 paia
Digicell A
-=PFLO . _ .
a = .il% lv/sec
P = 130 peia 37.6 1b/oec Effluent tugine Effluent
Ts 532 R 2 2 13 paia T= 3228 R
/ =778 From P, ® 33 pata
B GNQ A
Farm
Comp |Butnar | Turbina }
Fuel

Flg, 1 Y0 Percont Review -~ Jot Engine Driven Ejector/Diffuser Systoem
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The J=57 turhojet normal rated power lavel will be used, The design
features an altitude teat chamber and a 650t) area ratie li, nozzle, To
eliminate unnecessary complexities in the subacale model, the Hy will not
he ignited, The Hy chamber premsure will be 1200 paia, The Hy nozzla
L{p pressure will be 0,02 paia, The total pressure of the H2 + N2 bleed

slream entering the first dtage ejector will be 3,0 paia, based on the dif~
fuser normal shock recovery pressure,

The design incorporates the rapid turbojet exhauat/GN2 switchover de=-
sign which was developed for the subscale as a4 result of the full scale
safety analysis for a full scale abort condition., The rapid switchover de-
sien has heen incorporated into the second stage ejector for checkout and
verification, The design includes a quick acting (100 msec) Electro-
rlechanical Control Valve (EMCV) in the jet exhaust vent line, a Digicell
Pressure and Flow Control Valve (PFCV) in the GN2 line and a full ported
swing check valve (CV) in the ejector line downstream of the vent line
EMCV., The CV will close rapidly (less than 50 msec) on a negative pressure
differential of 0,5 psi. The GN, operates at 40 psia and the exhaust
operates at 33 psia so that the negative differential will be much greater
than 0.5 pei. The same electrical asignal would operate both the PFVC and
the EMCV, The altitude cell and the first and third stage ejectors are
fitted with small GN, inerting purge lines to completely purge out all
cavities where H2 could accumulate prior to and after the H2 tests,

The first stage ejector design summary is presented in Fig. 2. The
ejector throat area is designed to be variable and can be completely clused
%
off. The ejector area ratfo A3/Aj can be varied from 22 to infinity,

The design blank off suction pressure and pumping capacity is shown in Fig.
2 along with the characterlstic dimensions., The variation of the minimum
cell pressure to exit preasure ratio as a function of ejector area ratio is
shown in Fig, 3, Shown in Fip, 3 are Lockheed's analytical results for no
second throat and for a second throat compared to experimental data, The
first stage ejector 18 a scale up of the ejector 2 design from Ref. 5. The
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ejector 2 desipn of Ref. 5 wasa not a second throat ejector design, The
flrar stage ejector performance as a function of ejector total predsurc is
shown in Fig, 4, The ejector 18 designed for nominal total pressure of 6,34
pata, at which point the cell pressure will be 0,012 psia without condensa=
tion effecta, Additional first stage performance data as a function uf area
ratio {8 preeented in Fig. 5, again without condensation effects, The ef-

fects of condensation due to ambient tomperature and relative humidiry are:

o The primary effect is to rdd moisture to the ejector driver
streams, This moisture condenses in a shock-free condensation
front (Wegener and Pouring, Physics of Fluids, Veol. 7, pp.
352-361, 1967}, increasing pressure and temperature by release
of latent heat to the gas phase in the firet and second stages.

® The equilibrium condensed phase is solid (snow), with particle
sizes on the order of several hundred Angstroms - a good size
for efficient flame suppression,

e Total stream moisture conslsts of driver engine combustion
product and ambient contributions, At low temperatures and
humidity, combustion moisture dominates., Under hot, humid
ambient conditions air moisture dominates, but does not over-
whelm combustion moisture (ratio is approximately 2,5:1 at 100
F, 100%Z RH corresponding to effluent moisture mole fractions
of 0.0876 and 0.0253 (dry air); at design condition (70 F, 50%
ki) ratio is approximately 0.,5:1, corresponding to an effluent
moisture mole fraction of 0,0373.)

¢ The ejector design can accommodate wide swings in ambient
temperature (0 to 100 F) and relative humidity (0 to 100%),

The ejector design ambient conditions are 70 F and 50 percent relative
humidity, The calculated onset of water vapor condensation as a function or
axlal distance from the ejector exit is shown in Fig. 6 for both the first
and second stapge cojectors, No condensation is predicted for the third
ejector stage, The condensation effects on the first stage ejector perform=
ance are shown in Fig., 7, The blank off pressure will increase by 28 percent
to 0,015 psia which is still comfortably below the 0,02 psia requirement,

11
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Fig. 5 First Stage Ejector Performance as a Function of Area Ratio
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Fig. 7

20

Effects of Ambient Temperature and Relative Humidity on First
Stage Ejector Due to Condensation
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=57 turbejet englne s already tot

1 s of interest to note that the
uture full

up with water Injection ports at the compresser Inlet station, F
geale space engine hot firlag tests could make use of this water iunjectlon
mechanism to ceol the space engine axhaust products., This would relieve
gome of the diffuser cooling problems and anable the ejectors to operate

more efficiently; At the takeoff power metting, the system ig capable of 20

gpm water injection rate. The use of water injection at other than the

take-of f power setting would have to be oxplored.

The second stage ejector design summary is presented in Fig. B, The

e Jector throat area is designed to be variable and can be completely closed

off. The ejector area ratio can be varied from 2,38 to infinity, The de-

sign blank off suction pressure and pumping capabilities are ghown in I'ig. 8.

The third stage ejector design suwmary ig presented in Fig. 9, The
gned to operate in all modes of operation. The

third stage ejector is desi
The third stage ejector

@ jector area ratio can be varied from 2,59 to 10,

is designed to operate by {tself using all of the turbojet exhaust products.

3,2 SUBSCALE JET ENGINE DRIVEN EJECTOR/DLFFUSER SAFETY ANALYSIS

-

The results of this analysis were presented at the 60 percent design

review meeting, The key results are presented here. The worst case hazard

assessment is presented in Table 1. The main point to be made from Table 1

1s that ignition is {mp,obable within the ejector/diffuser tubes. The first
stage ejector mixing and explosion hazard analysis results are presented in
Fig. 10, The worst case detonation pressures ale approximately 8 psia, The

tage ejector mixing and explosion hagard results are presented in
1t should be

o facility to

second 8
Fig. 11, The worst case detonation pressure is 37 psia.

pointed out that operating temperatures are too low within th
The facility will be grounded to eliminate a lightning

cause a detonation.
However, it is not anticipated that a test would be

bolt source of energy.
conducted on threatening weather days.
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Tahle | WORST CASE HAZARD ASSESSMENT

Kinotles Tpnition Dolay Behind Normal Shock fn Buct

8 x 10-9 uxp J000/T,K

it TP LY
1ignitiuu = P atn e (NASA TP L4577, Aug 7Y,

Huber et al.)

First Stage: (TS , ™ 429 K; M, - Q4545 U, = 1073 ft/suc}
]

PS,2 0.821 psia)
T4 gnition,NS w760 gec 5 No piublgm,.px a wide
L 8.2 x 10° ft margin of safety.
ignition, N8

Second Stage: (T, = 663 K;j M, = 0,444, U, = 801 ft/sec;
—_— 5,2 2 2

PS,2 = 5,52 psia)
1 4.2 % 1072 Safe, with no lgni-
tgnition,NS . gec podie, "‘ i
L 33,5 ft tion in duct,
ignition, NS

P 2

Third Stagoe: (TS 7 = JUL K3 M, = 0,644; U, = 1128 ft/sec
)

PS,Z s 16.7 psala)
6.2 % lU-3 sec  Safe, with potential
Tignltion,NS . e =2 putent i
L 7.0 Ft gentle {gnition in
ignltlon,NS * open duct dowustrean

of shock.

® The Available Ignition Source (i.e., the Jet Engine Exhaust) Operates
at Temperatures Too Low to Ignite the H, Fuel Within the Flow Facility.
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3.3 PFULL SCALE HAZARD CONTROL ANALYSIS

The hazard to be controlled 48 a potential detonation of unburned space
engine hydrogen fuel within the diffuser/ejector duct work, In the paat ,
this hazard has been eliminated hy using an inert driver - steam. With the
proposed use of Jet engine vffluent as the driving medium a potential for
explosfon of mixtures exises, as the jet engines are operated fuel=lean and

consequently have an appreciable oxygen content (see Table 2),

Table 2 J=37 TURBOJET ENGINE CHARACTERISTICS

8 n A O hct— — L 1 ————

Cruise-Rated Air Flow Rate: 157 lb-sec * (70 F, 50% RH)
Cruise-Rated Fuel Flow Rate: 7,050 lb-hr~!
Engine Exhaust -

Total Flow Rate: 158,96 lbm--se.-c“1
Total Temperature: 1400 R
Total Pressure: 33 psia
Composition =
N, 77,03 vol.%
0, 14,70 vol.%
co, 2,51 vol,%
H20 3.74 vol,%
No 87 ppn
Co 60 ppn
CH, 84 ppm

3.3.1 Worst Case Hazard Analysis

To place the potential hazard in perspective consider Fig, 12 in which
computed Chapman-Jouguet detonation pressure ratios are plotted as a func-
tion of mixture Hz concentratlon for mixtures of space engine effluent
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and J~37 turbojet driver effluent at 0.5 atm {nitial pruasure*. As ig
evident from the flgure the worst case overpressures ocecur when 10O percont
H2 4 exbanated from the test engine and are higher for cryopenic H2
than for regeneratively heated ll2 4t room temperature, For main stage

Hpice engine operation at engine O/F ratios of 4 or 6 a considerable de=
vredase in the worst case detonation pressure ratio results, Thig is a di-
tecl consequenee of the higher initial mixture tmperature due to combustion
in the space engine. Table 3 gummarizes the maximum, i.e,, worst case, po-
tential detonation pressure ratios for the various space englne effluents
considered, using J-57 curbojet exhaust as the diffuser/ejector driver, The
corresponding worst case detonation pressures possible in each stage at 10
percent and 100 percent thrust engine operation are algso shown in Table 3.

These data are based on the calculated pressure distributions for the full
scale facility shown in Figs, 13, 14, and 15,

3.3.2 Hazard Control Analysig

® Transient Qperations

As is evident from Fig, 12 and Table 3, the maximum potential hazard
exists during cold flow operations, which normally are tests of short dura-
tion. The highest potentfial overpressure would occur {n the third ejector

stage and could approach an upper limit of 272 psia, with eryogenic H.

(Room temperature , represents somewhat less of a potential hazard, but

would however be more readlly ignited.,) A nearly 100 percent H2 engine

flow can also be encountered during engine startup and shutoff transients,
as discussed in more detail in Section 3.3.3.

These computations were periormed using the NASA-~Lewis CEC code (Ref. 2).
The detonation pressure ratios were found to be largely insensitive to

initlal pressure over the range of Linterest (i,e., subatmospheric) to this
study,
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Table 3 MAXIMUM CHAPMAN-JOUGUET DETONATLION PRESSURES

(Fpy » Deconation Pressulc; Pp o = Infrdal Total Pressure
Priver: J~57 Jet Engine Exhaust

Space Engine Condition (PDIPT.Z) erst Case Det?Pation Pressgff (paia)
max| Thrust 18t | 2nd 3rd

(%) Stage Stage Stage
Cold Flow of Cryogenic Hj 8.5 10 39 los 272
100 {shut Of{) 124 253
Cold Flow of Room Tempera- 6.7 10 31 130 214
ture Hy 100 (Shut Off) 98 200
Main Stage, Engine Q/F = &4 2,3 10 11 45 74
100 {Shut Off) 34 69
Main Stage, Engine O/F = & 1,5 10 7 29 48
100 {Shut Off) 22 45

To control the startup/shutoff transient hazard, and also to allow
short duratfon cold flow engine acceleration tests without oxidizer,
Lockheed proposes the use of tank farm nitrogen as driver for the first and
second diffuser/ejector stages during start/stop transients, and also during
short duration cold flow tests without oxidizer flow, Sufficient GN, is
to be used to dilute the peak H2 flow in the overall mixtuce leaving the

2nd stage to below the lean detonation limit {see Table 4), i.,e.,, to about
19 vol,% or less,

Table 4 FLAMMABILITY AND DETONATION LIMITS (Ref, 6)

*
Hydrogen-Air |H,-J57 Jet Engine Effluent
8 2

Flammability Limits (vol.%)]| 4,0 < F < 75 4,2 <F < 66
Detonation Limits (vol,%) (18,3 <D < 60 19 < p <55

* = -
Estimated, based on effects of dilution of air with NZ’ 002, and Hzo a8 re
ported in Ref, 6,
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® Main Stage Operation

long duration tests - 30 minutes or more ~ are required for the engines
in main stage operation, at both low and high thrust levels, Tests of nuch
length preclude use of GN2 as driver, even in the first and second stages
of the diffuser/ejector. Therefore at main stage the J~57 jet cngines' ox-
hausts will be used as driver in all of the stages, and the hazard countrol
will be to ensure that the space engine excess fuel is combusted continu-
ously in each of the stages as rapidly as it mixes with the driving medium,
Three conditions that must be met simultanecusly to achieve thig are:

1. Mixture compositions must lie within the flammability limits
summarized in Table 4, This is8 a restriction which is only
operative on the fuel-rich side of engine operation in the pre-
sent analysis, If mixtures are already too lean to burn, they
are aleo toc lean to detonate and are no longer 2 potential
hazard, On the rich side of the flammability limits, mixtures
exhausting from the space engines with greater than 66 to 75
percent Hy (Table 4) - corresponding to engine O/F ratios of
2,5 to 2,0 or less - might require further dilution by the
driving medfum prior to the recommencing of combustion, If
other conditions are correct it would seem probable that burn-
ing would resume in such mixtures prior to their being diluted
sufficiently to enter into the detonable range = 55 to 60 per-
cent Hyp, To be prudent, however, engine mixtures entering
the diffuser with an O/F ratio less than 2,0 should be regarded
as potentially hazardous (see also below),

2, Static pressure must everywhere be higher than the lower 1igni-
tion limit pressure to assure the continuity of the combustion
process, Spark igniter ignition limits for Hz—~GOX mixtures
at room temperature obtained by Pratt & Whitney (Ref. 7) in a
relatively small chamber (4 in. diameter, 15 in, long) are
shown in Fig. 16, which indicates a lower limit pressure of 0.2
psia for these conditions., Also shown 18 the lowest static
pressure (from Figs, 13, 14, and 15) in the proposed full scale
diffuser facility, {.e., 0,7 psia, The latter pressure is the
lowest encountered, in the first stage, at low space engine
thrust levels, It is, however, sufficiently high that combus-
tion of hot main stage exhaust proceeds as the gases mix even
at the lowest pressure encountered,
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It fa uneful §n this regard to note that the lower pressure
Limit obeys an inverse response to increases in temperature
(exponential reaponsc), vessel afze and ignition source

strength (see, e,g., Refs, 8 and 9), At main stage engine

operation all of these factors are operative in a direction to
asaure continuocus combustion,

3, Static temperature must be sufficiently high everywhere that
kinetice are ruapid with respect to mixing, In Fig. 17,
hydrogen-air autoignition delay times from Ref. 10 are shown as
a function of static temperature, Theae delay times - inver-
sely proportional to pressure - are a measure of the rapidity
of hydrogen combustion,

As indicated, at static temperatures above 1300 K the praduct of pres-
sure and ignition delay is approximately 10-5 atm-sec or less, Thus even

at the 0,7 psia lowest static pressure (firat stage, 10 percent thruat)
delay times will be shorter than 2 x 10-4 sec for T > 1300 K - corre~-

sponding to engine O/F ratios greater than 2.0 accelerated to Mach numbers
which are restricted by design to 2,0 or less within the diffuser/ejector
facility. Noting that gas residence times in the first, second, and third
stages are approximately 5, 10, and 30 msec, respectively, this ensures that

the gases burn as rapidly as they mix, under all conditions, for engine O/F
ratios of 2,0 or greater,

3.3.3 AECE-R and RL10~IIB Space Engine Transient Characteristics

Operating parameters of five candidate space engines for the orbital
transfer vehicle are shown in Table 5 from Ref. 1. Of these advanced en-
gines, two - the AECE-R and the RL10-IIB - were selected for analysis of
potential transient operational test hazards in the proposed diffuser
facility,

AFCE-R engine startup transient and main stage characteristics were
derived from ASE data presented in Ref, 11; shutoff data came from Ref. 12,
Similar data for the RL10-I1IB engine were derived from RL10A-3~3A data

i
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Tahle 5 FIVE CANDIDATE SPACE ENGINES FOR THE OTV (REF, 1)

Paramater Units |AECE~A | AECE-P | AECE~R | ASE RL10-11R

Thrust, Full ib 15000 | 15000 | 15000 }20000 15000
Thrust, Low 1b 2000 1500 1800 1850 1500
Maximum Test Duration @ MR = 6,0

Full Thrust sec 1200 1200 1200 1200 1200

Low Thrust sec 2500 2500 2500 2500 2500

Gimbal Capability - None None None None None
Propellants LOX/LH, | LOX/LH, | LOX/LH, LOX/LH, | LOX/LH,
Mixture Ratio, Full Thrust - 6,0 6.0 6.0 6.0 6.0

Low Thrust - 6.0 6.0 4,0 2,0 6.0
Nozzle Area Ratio - 473 642 625 400 205
Engine Envelope!

Outside Diameter ¢ Noz. Exit in, 62,7 166.1 63.25 (58.08 73,0

Inside Diameter @ Noz., Exit in, 60.7 |64.1 61,25 |56.08 71,0

Length, Gimbal Pad to Noz. Exit in, 120 114 117 100 110

Length, %imbal Pad to Inlet Flange

LOX in, 12 12 12 27.1 10

L, in, 15 15 15 36.87 10
Engine Weight 1b
Chamber Pressure, Full Thrust peia 1200 | 1505 1539 2028 400
Chamber Pressure, Low Thrust psia 160 150 198 187 40
Noz, Exit Wall Prese,, Full Thrust | psia [0.,196 | 0.163 | 0,172 | 0.406 0.1%
Noz, Exit Wall Press.,, Low Thrust psia |0.026 | 0,016 | 0,022 | 0,037 0,019
Total Flow Rate, Full Thrust 1b/sec| 31,4 131,2 31,2 43,01 32,6
Total Flow Rate, Low Thrust 1b/sec| 4.2 3.2 3,7 4,06 3,26
H, Flow Rate, Low Thrust 1b/sec| 0.600 | 0,457 | 0,74 1,35 0.466
Hy Flow Rate, Full Thrust 1b/eec| 4.49 | 4,46 4,46 6.00 4,66

33
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presented in Ref, 13, Startup tranaient, main stage aperation, and shutoff
transfent behavior of che O/F ratto for the ARCE-R engine at 10 percent aml
full thrust are shown in Pig, 18, along with the temporal response of the
fuel flow rate at full thruse, Tranaient, startup and main stage apera~
tional data for che RL10-A=3=3A are shown in PFig, 19; detailed shutdown
transient data were unavailabhle for the RL1O cngine, other than the manu-
facturer's specification that on shutdown fuel 18 vented overboard, with a

maximum of 0,25 1b total throughput of uz flowing through the engine
nozzle,

The cross-hateched areas on Figs. 18 and 19 correspond to times during
which the engine 0/F ratio drops below 2,0, i.e., times during which a
potential hazard exists with J=57 turbojet engine exhaust as the diffuser/
ejector facility driving medium (as discussed previously in Section 3.3.2).
Figure 20 emphasizes the potential startup and shutdown transient hazards
which could occur 1f the J=57 turbojet engine exhaust were used as the
driver during the transients: H2 concentrations in the flow leaving the
second stage would be well above the lower detonation limic, with or without
reaction in the diffuser; additionally, static temparatures at Mach 2 would
be too low during portions of the startup and shutdown Lo ensure reaction as
the gases mix = resulting in potential detonatable mixtures which could be
set off by complex shock structures, hot spots or accidental means such as
an electrical discharge. For this, and the previously reviewed reasons,

operation during startup and shutdown transfents will use inert, gaseous
nitrogen as the driving medium.

3.3,4 Space Engine Transient Hazard Assessment and Control

Combining the hazard control analysis (Section 3,3) with the transient
characteristicas of the space engines considered (Section 2,3,3) results in
the transient hazard assessment synopsized in Table 6, Jor both”engine a
potential hazard is identified during startup and shutdown traniients. The
proposed control to eliminate these hazards is to use a purge GN2 flow as

34
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the inert gas driver in the first and second atages during transients, as
, required, No hazard exiats during main atage cengine operation,

T A TETY

Table 6 SYNOPSIS OF ENGINE TRANSIENT HAZARD ASSESSMENT

4 T T

(DIFFUSER DRIVER: J57 JET ENGINE EXHAUST)

AECL-R FEngine (Based on ASE Engine Data)
Startup = Potential Hazard, O/ € 2.0 {rom 0 to 2.4 sec After Start Sipnal

Main Stage - No Hazard, O/F = 6.0, High Thrust; O/F = 4.0, Low
Thrust

Shutdown = Potential Hazard; O/F < 2.0 at Shutoff S5igral +
150 msec

RLiO-IIB Engine (Based on RL10A-3e3A Engine Data)

Startup - Potential Hazard; O/F < 2.0 from 0.20 to 1,58 sec
after Start Signal

Main Stape = No Hazard; O/F = 6,0 for Low and High Thrust
Operation

_.- -—’—an-' o -.

B iy a8 4 dsbabih.

Shutdown =~ Potential Razard; guuntitnttve Transient Data
B Inputs are Required.

8 Pratt & Whitney Inputs on RL10 Shutdown:

1. If a graphite nozzle is used, oxidizer-7ich
shutdown must be avoided to protect hot engine
and red hot noszle,

2, Somewhat in conflict with 1, Hy is nommally

' dumped overbourd on shutdawn, with a maximan

K total of 174 1b Hy flowed through the

nozzle on shutdown,

Proposed Control to Eliminate Potential Start/Stop ilazards:

VTR

Use o Purge GN, Flow as the Inert Gas Driver in 1st and 2nd $tages During
Transicents, as feguired

s el

Temporal response of the diluted, inerted flow leaving the second sta
diffuser during 100 percent thrust AECE~R engine run transients with 150
Ih/see of GN2 as the driving medium 18 shown in Fig. 21, As is evident,
the hydrogen content of the exit stream is diluted well below the lower

Bge

detonation 1imit for all times at which the mixture statlic temperature ig
significantly above room temperature, (A slightly higher flow of GN2-170
1b/sec-would ensure an overall Hy concentration entering the third stage
below the detonation limit even during the engine shutoff interval after 190
mgec, after which time the oxidizer flow rate is negligible,)

18
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Main stage operation of bath engines at low and full thrust is sum~
marlzed for each stage in Tablea 7 and 8, respectively, for beth J=57 jot
engine exhauat and GN, driving mediums, In all cases, with the stages
being driven by the jet engine's exhaust, excess Hy 18 progressively
burned at high temperature and the flow ultimately leaves the facility with
negligible residual hydrogen. With GN2 driving the stages: (1) at low
thrust, Hy is diluted in the first two stages to a safe 2.8 or 8.5 percent
in the two engines, with a second stage exhaust total temperature of only
955 or 958 K; in the third stage the mixture is further diluted, resulting
in a near zer¢ exhaust H2 concentration of only 0,3 or 0,9 percent from
the facility, assuming no further combustion, or to zero if combustion is
completed in the third stage; (2) at full thrust, Hy 18 diluted in the
second stage to a safe 7.4 or 7,1 percent, but at a high total temperature
of 1855 or 1806 K; in the third stage combustion continues at high tempera-
ture with a resultant negligible H2 content in the facility effluent,

Thus for the vast majority of test operation virtually no H2 is discharged

from the facility, and there is no requirement for an external torch to burn
residual HZ‘

As discussed previously, start/stop transients are to be controlled by
GN, flow to the first two stages such that the peak H, concentration in
the flow entering the third stage is maintained below the lower detonation
limit, At low thrust, with 50 1lb/sec GN, driving the first two stages,
the full main stage cold flow of H, can be controlled, as also is shown in
Table 7. At high thrust, with 150 1lb/sec GN, driving the first two
stages, about 60 percent of the full main stage cold flow of H, can be
contrulled, Thus in the event of a stuck oxidizer valve on startup, provi-
sion of an automatic engine shutdown prior to reaching 60 percent of the
full rated H, flow is required, Alternatively the full thrust transient
GN, driver flow cau be uprated to 250 lb/sec, if a full rated H, cold
flow requirement is needed for engine acceleration or other tests,
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Table 7 LOW THRUST OPERATION

RL10-1IB Engine | AECE-R Engine
A Exhaust ____Exhaust
Engine Driver Stage TT' K [Vol.% l-l2 TT' K 1Vol.,% Hz | Minimum
Status  [(Stages 1 & 2) Patatic
{psia)
Main Stage J-57s Engine| 2958 | 29,5 2756 48,6 -
Burn 1 2628 | 16.9 25635 33,2 0.7
2 1968 0.1 2310 1.3 4.2
3 871 | Nil 926 Nil 17.6
® Hy ie burned virtually to completion in first and second
stages,
Main Stage GNa Engine 2958 | 29.5 2756 48,6 -
Burn (50 lb/sec) 1 2461 | 15.4 2304 3.1 0.7
2 958 2.8 955 8.5 4,2
3 799-1 0,3- 799- 0,9- 17.6
825 Nil 878 nil
¢ Flow enters third stage with Hy well below detonation limit.
Start/Stop GNp Worst Cases: RL10-IIB Engine: Full Fuel Flow,
Transients | (50 lb/sec)

0,466 1b Hy/sec
Full Fuel Flow,
0.74 1b Hy/eec

AECE=-R Engine:

Engine | 300 | 99.8 300 | 99.8
1 300 | 56.5 300 | 67,3
2 300 { 11,5 300 | 17,1

o Hy flow is diluted with GNz to below the detonation limit
in stages 1 and 2, The full maximum rated cold Hp flow at
low thrust can be controlled,
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Table 8 100 PERCENT THRUST OPERATION

RL10-IIB Engine | ARCE-R Engine
| Exhaust Exhaust
Engine Driver Stage TT' K [Vol.,% Hz TT' K Vol.% Hy| Minimum
Status (Stages 1 & 2) pstatic
(psia)
Main Stage J=578 Engine| 2958 | 29.5 2958 29.5 -
Not Driven 1 2958 | 29.5 2958 29,5 -
2 2872 | 16.3 2869 15,8 6.5
3 1545 | Ni1 1519 Nil 14,0
® Hy is burned as rapidly as it mixes in second and third
stages,
Main Stage GNo
Burn (50 1lb/sec) Engine | 2958 | 29.5 2958 29.5 -
Not Driven 1 2958 | 29.5 2958 29,5 -
2 1855 7.4 1806 7.1 6.5
3 1324 | Nt1 1300 Nil 14,0
Hy flow 18 diluted with GN2 to well below detonation limit
in second stage and burns as rapldly as it mixes in third
stage,
Stop/Start GN2
Transients | (150 ib/sec)

® Ho flow is diluted and
nation limit in second stage,
maximum rated cold Hy flow can

cooled with GNy to below the deto~
Up to 60 percent of the full
be controlled,

42

LOCKHEED-HUNTSVILLE RESEARCH & ENGINEERING CENTER

P



LMBC-HREC TR D951414

4, SUBSCALE DIFFUSER MECHANICAL/STRUCTURAL DESIGN

The subscale ejector/diffuser system described in Section 3 of this
report has been designed. The design details are discussed in this section.

4.1 GENERAL DESCRIPTION

The facility shown {n LMSC Drawing R82734 is designed to flow non-
combusted H2 gas through a 650:1 ares nozzle into a three stage ejector/
diffuser system. The facility will consist of a Hz chamber, throat, 650:1
area ratio nozzle, altftude cell, H2 diffuser tube, and the three stage
elector/diffuser system. The altitude cell is designed to be pumped by the
R2 nozzle flow to maintain the required cell pressure during the l-l2 flow
tests. The ejector expansion area ratio is designed to be adjustable by
varying the ejector throat area while maintaining a constant exit area.

This is accomplished by translating the outer ejector throat and nozzle sur-~
face relative to the fixed inner ejector surface. The outer movable ejector
surface is allowed to translate fore and aft being held in poeition radially
by either a three or four pipa support system, By necessity, the third
stage ejector has a four pipe support system while the first and second
stage ejectors have a three pipe support system. The details of the three
pipe support system are shown on LMSC Drawings R82737 and R82738. The

ejector outer surface s translated using four equally spaced electrical
actuators,

The actuators are capable of handling 5000 1bf each and have a 3 in.
stroke for the first and second stage ejectors and a 6 in. stroke for the
third stage ejector, The actuator details are not available at this time,
although several suppliers are available, The first and second stage

ejector throat areas are designed to be completely closed off and inerted
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with GNy, The diffusers for rhe firrt and decond Rtage cjectors are the
efftefont “"second throat type" diffuser design, The third stage ejector is
designed to be "atarted” and run by {tself utilizing all of the turbojet ox-
hoauat, This ejector {8 deaigned toe keep the pumped flow subsonic for hetter
preseure recovery, Start-up should not be a problem since the ejector flow
will be oxhausting into a duct At an fnitial pressure of approximately 14,7
pata, thereby effectively limiting the ejector area expansion ratio, A fow
milli- meconds later, after the ejector has evacuated the upstream duct
system the cell pressure will drop to 1,0 psia, and the ejector will operate
At an area expansion ratio of 3.1:1.0.

The facility will be mounted on the existing rail and support system
located at MSFC's Cold Flow Calibration Faclility adjacent to the Hot Gas
Fncii[ty, Building 4554, The site plan is shown in LMSC Drawing R82733,

The plan and elevation view f{s shown In LMSC Drawing RB2732, The ejector
inlet piping from the J-537 turbojet engine is shown in planform view in LMSC
Drawing R82736, The J-57 piping detuils other than those shown in R82736
were beyond the scope of this contract as mentioned previously in Section

2. The facility will not require cocling water,

The Facility also consists of: (1) a J-57 turbojet engine and its fuel
tank and controls; (2) the gaseous hydrogen system {(piping and components)
and high pressure GN2 supply lines; (3) overhead hoist system for
materials handling; (4) hydrogen leak detectors; (5) remote control Firex
system; (6) TV camera Burvelllance system and communication system; (7)
remote control gystems from Building 4554; and (8) an instrumentation
system with remote readout in Building 4588,

4,2 CGOVERNMENT-FURNISHED EQUIPMENT LIST

It was beyond the scope of this contract to develop a detailed GFE

list. The following list of GFE equipment required to support this facility
is preliminary:
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1, ne working =87 turbojet engine complete with fuel tank,
starter wystem, i{nstrumentatfon, and controls

2, One J-57 turbojet engine support structure

3. Approximately 100 ft of 5 in, GNp supply line to tte present
kite from the northeast side of Building 4348 and shutofl
valve with downstream holt flange connection to flow 73 l1h/sec

4, Gaseous hydrogen trailer and control system with 1 in, pipe

type AN flared fitting for attachment to the facility to flow
0.5 Ih/seoc

5 A low pressurc (150 peig) GNy» purge line aystem to flow 2
1h/dee

6. Facility fnstrumentation system with remote readout in Build-
ing 4388

7. Overhead hoist or ground support equipment for materials hand-
ling

8. Hydrogen leak detector system
9. Remote controlled Firex system

10. TV camera surveillance system and communication system, and

11, Computer system for remote control and data reduction and
plotting.

4,3 MATERTALS AND COMPONENTS SELECTION

The subscale ejector/diffuser facilfty will be constructed of 304L
stalnless steel except as noted, The turbojet exhaust ducting will be con-
structed of 321 stainless steel of 0,060 in. thickness except for the
flanged connections which will be thicker, All flange gaskets will be Sepco
Grafoll crinkle gasket tape style SG6360. The 1/4 in. by 1/4 in, ejector
slidiong seals will be fabricated from Sepco Grafoil sheet style SG36 of
0.015 in, thickness. A local supplier of the Sepco products i{s TENN-VAL,
lncy, of Decatur, Alabama, The full ported check valve is AGCO model (V-2
supplied by the Blythe Company, Indian Trail, N.C, The Digicell valves are
supplied by Horton Instrument Company, Birmingham, Alabama, The EMCV vilve,

the electromechanical actuator, and thermal expansion joints will be custom
made for thls facility,

The thermal expansion joints shown in LMSC Drawing RB2736 can be
suppl fed by U.8. Bellows, Santee, California. The electromechantical control

valve (EMCV) and the clectromechantcal actuator specificatfons and possible
suppliers are listed below,
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o
: Electromeehanical Gontrol Valve (EMCV) Specifications
- Opening Time 100 msec
! Actuator:
e Solennid with pressurized GNo over hydraulic
GN3 pressure avatlable: 4000 paig
Hydruulic pressure avaflahle: 2500 psig
Hydraulic flow available: 35 gpm
Valve Type: Butterfly
Operating Environment
Temperature: 940 F
Pressure 18 psig
Supplier; The Blythe Company, Indian Trail, N.C.
Electromechanical Actuator Specifications
Maximum Operating Force 5000 1bf
Operating Voltage 28 Vde
Stroke Speed 3 in./min,
Stroke
First and Second Stage Ejector 3 in,
Third Stage Ejector 6 in,
Dimensions:
Closed Length 10 in,
Outside Diameter 6 in.
Environment:
Ambient plus capability of being inerted using GNs purge to
eliminate all explosion hazards
Potential Suppliers: Inland Motor, Radford, Va.
Plegsey Dynamics, Hillside, N.J, ‘
Clifton Precision, Clifton Heighte, Pa. :
4.4 DRAWINGS
A detalled list of all the drawings which were developed for this fa-
cility under this contract ts listed in Appendix C. Copies of the drawing
- set will be released at the discretion of Mr. K.E. Riggs, EP23, MSFC Con-
. ? tracting Officer's Representative.
3
. 4.5 STRESS ANALYSIS

The detailed stress analysis of each facility drawing i{s contained in
Appendix B, The factors of safety which were used are 1,6 on yield strength
and 4.0 on ultimate strength. A safety margin sumary 18 contained in
Appendix B and shows that each part has an adequate margin of safety,
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3, PLANS

Under this contract, a Prelimfnary Test Plan, un lostrumentation Plan,
and a System Operating Procedure Plan were developed, The preliminary tust
plan was published under separate cover as Ref, 14, The Instrumentation and

Operational Procedures Pluns are described in this section.

-

3.1 INSTRUMENTATION PLAN

The subscale ejector/diffuser facility is shown in Fig, 1. The first
stage ejector will operate at the highest duct~to-ejector-throat-area
ratlos, the second stage ejector will operate at medium ¢ jector area ratios
and the third stage ejector will operate at the lowest e jector area ratio,
The range of ejector area ratios will be between 3 aud 300 considering the
full scale design. The purpose of the subscale test 1s tu obtain an experi-
mental data base in a subscale facility which when combined with the ana-
lytical models, will yield an empirical data base to define completely Lhe
operational data buse for high volume, low pressure ejuctor systems such
that a full scale design can be accomplished, The subscale data will define
the ejector blank-off capability and pumping capability as a function of
¢jector-to-secondary mass=flow ratio, ejector driving pressure, and e jector
area ratio, Data will be obtained from all three ejector stages and will
span the ejector area ratio range from 4 to 300, e jector driving pressure
range from 4 to 40 psia, and ejector muss flow ratios from J to infinity,
The variables which will be measured will be cell pressure, ejector exit and
duct pressures, exit static and total pressure, the ejector driving total
pressure, the driven mass flow rate (secondary), the ejector mass flow rate,
and the ejector throat area, The ejector throat area will be calibrated as
a function of ejector axial position. The preliminary test matrix configu-
ratfons and the test matrix were developed in the test plan (Ref, 1l4).
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The following is a preliminary list of the instrumentation required to
conduet the test,

l, J=537 turbojet engine inatrumentation as called out in Ref, 15,

2. Flow measuring devices

3.

ily

2.

f.

g.

J=57 air flow data taken hy means of a smooth approach inlet
mounted on the engine fitted with static aand total pressure
rakes as defined in ASHAE Fan Test code,

J~57 fuel flowmeter

One 0.5 in, diameter sharp edge orifice to measure the alti-
tude cell GNy purge

One 1 in, diameter venturi meter to measure the GHp flow

One 3 in, diameter Digicell flow and pressure control valve
to measure the first stage ejector mass flow

One 24 in. diameter venturi meter to measure the second
stage ejector J=57 mass flow

One 5 in, diameter Digicell flow and pressure control valve
to measure the second stage ejector GNy flow rate

150 pressure transducers to record pressures throughout the
facility

4. Fifty temperature measurement locations throughout the facility

5. Diglcell control computer.

Locations of all instrumentation/measurements will be specified during
the next phase of the facility development. Drawing No. R82716~1, "Nozzle

Plece, First Stage," shows typical instrumentation port (pressure) and

1 thermocouple attachment details,

3.2 OPERATIONAL PLAN

The operational procedure plan will be developed more completely as the
facility construction progresses. The preliminary operational plan follows
assuming a diffuser/ejector test using gaseous H

2.
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5.2, Prereat

Photograph the facilicey,

Verify that the J~37 fuel tank level is adaquate,
Verlfy that che GNg pressure is gsatinfactory,

Verlfy that the GHy trailer prossure ia satinfactory,
Connect {nstrumentation,

Verify that the test instrumentation las been inatalled per
instructions of Test Request Sheet and the Run Time and Test
Conditions annotated on tha TCP,

Schedule the ejector/diffuser test,

a, ( ) GNy as needed

b ( ) GHy as neceded

c. ( ) Photography

d, ¢ ) Closed Circuit TV

e, ( ) Instrumentation

fvo () Control,

5.2.2 Test Day

Verify that the instrumentation and controls are ready for the
X=1 hour announcement.

Make the ¥X=1 hou: dttnouncement .,

Verify that all ground support equipment is parked and
that power is OFF,

Check out test stand fov proper electrical power,

Activate GN; system per procedure,

Set the following pressure regulators to the proper pressures,
a. GN2
bu GHZ

¢. GHs 1line purge,
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8ot the ejector throat areas in accordance with test requeat
rhoot ,

Activate hydraulie ryatem per procedure,

Cycle all valvea to verify aatlsfactory operation,

Check that all J=57 engine controls are operating satisfactorlly,
Verlfy that cutoff checks are satisfactory.

Verlfy that sequence test has been conducted per procedure,
Verify that TV monitors are functioning properly.

Verify that video recordings for TV are ready,

Activate the J-57 starter air system.

Activate the Firex system.

Verify that Gilp leak detectors are active,

Verify that data system and controls are ready for X-30 minutes.
Give ¥-30 minute warning announcement,

Activate the GHy system per procedure.

Set up road blocks at test stand.

Make X-15 minutes announcement, (Close HGF area to all
personnel.)

Verify duration timer set at £I§21_aecond and power awitch ON,
Intercom tape ON.

Open the GHy main shutoff,

Prepare the GNp system for test.

Prepare the J=57 control system for test per procedure.

Make the X-10 minutes warning announcement,
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30,
31,
12,
33,
34,
35,

36,

37.
38,
39,
40,
41,
42,
471,

44,

[ 1
b,

AB.
49,

Prapare the GHy aystem for test,

Turn data systom ON -~ SLOW

Turn video recording ON

Adjuat the ejector GNy flow controller
Adjust the GHs flow controller,

Mike X~5 minute warning announcement.
Verlfy that the following systems are ready:
a. Control

b. Data system

¢, Cameraman

d. Analog recorder, and

e. Test stand.

Cutoffs ready = ON

Sound X-20 second siren.

Set J=57 data systems on FAST

Give firing command.

Start J=57 engine per procedure,

Verify J-57 operation at IDLE power setting.

Allow J=57 warmup time.

IMEL~HREC TR D951414

Advance J-57 throttle position to TEST SET position} check J-57

operation per procedure,
Verify ¢ jector system operation according to
Conduct test per test request,

Cutoff

GNo purges = ON
Cameras - OFF

Deactivate the GHy aystem,

Deactivate the GNp system,

51
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50, Clear the test sRtand for designated erow,

51, Turn tntercom - QIF,

52.  Turn data system -~ OFF,

3,2.3

3.3

3.3.1

"Safe

53, Turn video recording - OFF,

On Stand Post=Test

1, Perform appropriate post-test check outs of instrumentation and J=57
engine.

2, Deactivate Firex system,

3, Deactivate hydraulics.

4, Reset pressure regulators to O psig.
5. Remove road blocks.

6. Make ALL CLEAR announcement,

7. Shut off electrical power to test stand.
SAFETY PLAN
Grounding Requircuents

Grounding requirc.ents for this facility are as specified in the
ty Manual,"” AMCR-385-100, 21 April 1970, by Headquarters, U,S., Army

Materiel Command, Washington, D.C. 20315, specifically under Section 8,

page

5.3.2

clect

8-20, "Tanks and Towers.,"

Purge Requirements

Since this facility uses hydrogen, the purging requirements for
rical equipment and wiring will be as specified in KSC STD~E-002,

; t: Revision A, "Hazard Proofing of Electrical Equipment.”

1T
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HAZARD ANALYSIS: WORST CASE

i CHAPMAN-JOUGUET DETONATION PRESSURE RATIO
CHARACTERISTICS AT PREVAILING STREAM
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SUBSCALE FEJHCTOR/NDTFFUSER DRAWING 1,18T

B g

Drawing

Site Plan

Plan & Evaluation

[ Subscale Fjector/Diffuser Assembly
Ijector Inlet Piping Planform

Tnlet Plate - Nozzle Simulator

Hy Diffuser - Nozzle Simulator

Hy Cylinder - Nozzle Simulator

Nozzle Body- Detail

Altitude Simulation Cell - Nozzle Simulator
Altitude Cell End Plate - Nozzle Simulator
Nozzle Discharge Tube =~ Nozzle Simulator
Expansion Section - Nozzle Simulator

\ Ejector Ring 1lst Stage

: Nozzle Piece lst Stage Fjector
Adjustable Plug Assy lst Stage
Compression Section lst Stage

1st Stage to 2nd Stage Mixing Tube
Ejector Ring 2nd Stage Ejector

Nozzle Pilece 2nd Stage Ejector
Adjustable Flug Assy 2nd Stage

2nd Stage Mixing Tube

Ejector Ring 3rd Stage Ejector

Nozzle Pilece 3rd Stage Ejector
Adjustable Plug Assy 3rd Stage Ejector
Mixing Section 3rd Stage Ejector

Exit Taper Section 3rd Stage Ejector
Support Carriage

Typical Support Buckle

Structural Support 2nd Stage

K
N Y R

C-1

v
1

s

Numbher

RA27 33
RR2732
RR27 34
RB27236
r82701
RB2700
R82702
82706
R82704
RE82708
R82709
R82710
R82714
RB2716
R82715
R82717
R82718
R827234
R82723B
R82724
RB2726
RB2728
R82727
R82729
R82731
R82730
R82735
R82738
R82737
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BI1LI. OF MATERTALR
(Hee Ansiembly RH2734)

e [ S Y Fasiigmm

iy Pare or Nomene latare or Material Aone Jten
R 't ldentifylng No, Daneription Spociftication Na.
i
‘ | RB270)L=] Inlet Plate 041, 4 t
, 1 RE2700-1 ty Diffuser 1041, 4 2
; L RB27(2-), Iy Cylinder U1, 4 3
1 i RB2700~1 Nozzle Body Il 4 4
L RB2704-] ALt Sluulator Celt 1041, 4 Y
§ 1 RB2708-1 Alt Cell ¥nd Plate 3041 4 6
! 1 RB2709-1 Nozzle Dischargelube 3041, 4 7
’ 1 R82710-1 Expanstion Soction 3041, 4 !
. 1 R82714-1 Bjector Ring let St, 041, 3 Y
: 1 R82716-1 Nozzle Plece lst St, 34l 3 10
: L RE2715=-1 Ad). Plug lst §t, 3041, 3 1l
1 RB2717-1 Compression See. Llst St, 3U4L 3 12
; 1 R82718-1 1ot to 2nd St, Mixing 304) 3 13
! Tube
1 R82723A~1 FJector Ring 2ud St, 3041 2 14
1 1 R827238=1 Nozzle Plece 2nd St. 304L 2 L5
s 1 R82724-1 Ad}. Plug 2nd S8t. 304t 2 1o
) 1 RB2726~1 dnd St, Mixing Tube 3041 2 17
. 1 R82728-1 Ejector Ring 3rd St, 3041, 1 18
: 1 RB2727-1 Nozzle Piece 3rd St, 304L 1 19
1 RE2729-1 Adj, Plug 3rd St. 3041, 1 20
1 RB2731-1 3rd St. Mixing Sec, 3041 1 21
1 R82730~1 Exit Taper Section 3o4L 1 22
8 Parkertron LDT 2+ 3 23

2" Hore 3" Strouke
; Parker Fluid Power Atlanta, Ca,
: 4 Parkertron LDT 1 24
: 2" Bore 6" Stroke
Parker Fluid Power Atlanta, Ga.

40 SWRM-14 Rod find Super St, 1,2,3 25
Alloy
Southwest Products Co, Chrome Plate
Monrovia, Calif.
69 M827120-11 Cievis, Rod End St., Type 1,2,3 20
Turnbuckle (Forged)
69 M827954~06 Turnbuckle 5t. Type 1,2, 27
(Forged)
10 M827120-39 Clevis, Rod Lnd 5t. Type 1,2,3 28
(Forged)
10 M527954=-21 Turnbuckle St. Type 1,2,3 29
{Forged)

NOTE: Pertaining tv fastenerst
Bolts will be MS16208; washers will be M515795; nuts will be MSle203;
surew, cap, socket head = hexagon MS1699¢.,
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