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FOREWORD

This memorandum presents information acquired in preparation
for conducting a test to validate plume simulation procedures for
Shuttle (Test FA-17). This work was performed for the Systems
B Dynamics Laboratory of MSFC under Contract NAS8-32128. The NASA
. Technical Coordinator for this work is Mr. Kenneth L. Blackwell of
ED32. Appreciation is extended to Dr. W. A. Foster, Jr., of Auburn

University, for the elevon balance design and analysis efforts.
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NOMENCLATURE

Absolute

Ammonium perchlorate

Wing span

Butt plane (corresponds to Y direction)
Center of gravity

Center of pressure

Bending moment coefficient

Hinge moment coefficient

Normal force coefficiént

Root torque coefficient
Carboxyl-terminated polybutadiene
Differential

Normal force

Fuselage station (corresponds to X direction)
Hinge line

Moment of inertia

Interstate Commerce Commission
Identification

Inner mold line

Left

Mach number

Mean aerodynamic chord

Orbiter

Oxidizer-to-fuel flowrate ratio
Outer mold line

Orbital Maneuvering System
Pressure

Pounds per square foot

Pounds per square inch

Dynamic pressure

Radius

Right :

Reynolds number

Rockwell International
Temperature

Product of inertia

Water plane (corresponds to Z direction)
Orthogonal directions

Angle of attack

Ratio of specific heats

Elevon deflection angle

Plume initial expansion angle (see Fig. 1)

Base

Chamber

Elevon

Inboard .
Orbiter, Outboard
OMS pod

Total

Tank

Freestream
Throat
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1. INTRODUCTION

The Space Shuttle Launch Vehicle (SSLV) configuration exhibits signi-
ficant interaction between the main propulsion plumes and the vehicle aerody-
namics. Exhaust plumes from the Space Shuttle Main Engines (SSME) and Solid
Rocket Boosters (SRB) interact among themselves and with the external flow-
field. This interaction establishes the base environment on the Orbiter,

SRB, and External Tank (ET); affects aerodynamic stability and control (via
flow separation); and affects the aerodynamic control surface effectiveness.

A comprehensive study keyed to analysis of well-chosen experiments has
been in progress for some time, Ref. 1. The ultimate goal is to base the SSLV
aerodynamics upon‘measured values from a subscale model test in a wind tunnel,
while using proper simulation of the propulsion plumes. To meet that goal re-
quires validation of this simulation procedure.

Simulation of a model to a prototype plume has been considered by many
(Refs. 2-13), and it appears sufficient to match shape and edge viscous effects,
Fig. 1. A simple concept to achieve this match would use a geometrically
scaled nozzle flowing the prototype plume gas. However, matching of y and
temperature is not available at this time by means other than use of subscale
rockets. It would have been very complicated and expensive to base the complete
SSLV development program on such subscale rockets. Therefore, a simpler tech-
nique was sought; use air jéts and match some appropriate simulation criteria.
Review of prior work indicated that matching Herron's parameters (Ref. 10)
might be adequate simulation.

An investigatory test (MA-10F) initiated the experimental effort in mid
1973. Subsequently, an extensive program has been performed. The bulk of
testing has involved a simple Plume Boundary

ogive-cylinder body, with 1im- Shear Layer
ited investigations of the SRB
flare effect and the SRB+ET com-
bination. Parallel to the
experiments has been analytical
effort aimed at verifying the
applicability of Herron's para-
meters (Ref. 10), especially Gj,
or finding other adequate cor-
relators (Refs. 14, 15).

Fig. 1 Plume Geometry
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More recently the parameter Gjyg (where £ is a function of Mm) has been re-
commended to provide adequate correlation between gas-only and solid-pro-
pellant exhaust (Ref. 16).

This memo presents the results of an effort to plan a final verification
wind tunnel test (FA17) to validate the recommended correlation parameters and
application techniques. The test planning effort is complete except for test
site finalization and the associated coordination. Two suitable test sites
are identified. Desired test conditions are shown in Table 1. Subsequent
sections of this memo present the selected model and test site, instrumentation
of this model, planned test operations, and some concluding remarks.

TABLE 1. DESIRED TEST CONDITIONS

Moo
a
0.9 { 1.0 1.2 1.4
-4° Nom. + Add'1. Nom. Nom. + Add'1. {  Nom.
0° i Nom. Nom.
+4° Nom. Nom,
where
"Nom." = nominal value of 8g, probably to be consistent L
with Test IA 119A and o

"Add'1."= an additional value of &g.
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. 2. MODEL DESCRIPTION

For this test program, the model must simulate all SSLV ascent pro-
pulsion plumes while maintaining geometric similitude to the SSLV vehicle
shape. The effect of these ambitious constraints upon model selection are
detailed in the first section below, followed by description of the physical
and operational aspects of the selected model.

2.1 Selection - There are two basic approaches generally available: either
adapt existing hardware to the specific neceds of the contemplated test, or

¥ build new test-specific hardware. Both approaches were considered. The
| desired model features were:

i} 1. Match external mold Tines of SSLV ascent configuration.
;, 2. Simulate hot, reacting exhausts of SSLV ascent configuration:
a. SSME - 02/H, at P.=3000 psia, T.= XXXX°R
b. SRB - 16% A% solid propellant @ P.= 600 psia, T. = XXXX°R
3. Match Pc/p°° in transonic range.

The existing models that might be considered are of three general cate-
gories. First are those built under MSFC initiative for the plume technology
program. Those described in Refs. 17 - 19 feature plume simulation via cold
é or warm (1000 °R) gas, and model shapes that are only generally similar to
4 SSLV. Those described in Refs. 20 and 21 have solid propellant rocket motors
for either a single body (Ref. 20) or for the SRB+ET combination (Ref. 21).

5 Second are the Rockwell International (RI) models built for vehicle aero-
dynamic test which match the SSLV configuration and use cold air plume sim-
ulation, Refs. 22 and 23. Third is a single model built for RI and used for
base heating tests, Refs. 24 and 25. This model, denoted 19-0TS, generally
matches SSLV shape and features near duplication of SSLV plumes via Q,-Ha
combustion products for SSME and solid nropellants for SRB.

Most of the models in the first two categories are designed for the plume
simulation gas to be supplied from a source outside the model. It was Jjudged
K impractical to attempt to pipe gases at 5000° R. Moreover these models would
] not have adequate structural integrity for such gases. The rocket models (Refs.
20 and 21) are akin to the SRB but quite different from the SSME. Furthermore,
neither is very reprasentative of the SSLV mold lines. Therefore, all models
in the first two categories were eliminated. However, the 19-0TS model appear-
ed very attractive for this-application and was selected for adaption.

G o - o o R R T s
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This model is 2.25% scale, and is very close to the current SSLV
configuration except that the ET is one diameter longer and the O/ET attach-
ment structure is not to scale; it has about 0.6 sq. ft. of frontal area.

The plume simulation operates at 50% of nominal flight P. values, for 30 - 60
msec. For this size model to present only 0.5% blockage requires a tunnel of
120 sq. ft. cross-section. A 0.5% blockage value is suggested as appropriate
for transonic testing, especially when considering that the plumes increase
the effective blockage. The available model P, level would require a var-
iable-density tunnel to match flight values of P./P_. The impact of the short
duration of plume simulation upon instrumentation is detailed in Section 4,
below. The impact of the overlong ET is discussed in Section 6, below.

Consideration was also given to building new test-specific hardware.
Three features of such a new model could be more attractive than the 19-0TS
model:

1. Smaller size so that a smaller, less expensive tunnel
could be used.

2. Higher P; so that a variable density tunnel would not
be needed.

3. A simpler SSME simulation might be devised - probably
a solid propellant rocket.

Investigation of these ideas did not indicate that a new model would be
justified. First, it was assumed that any new model would cost at least as
much as duplicating the current 19-0TS model. A1thougb the new smaller model
would use Tess material, considerable engineering effort would be required to
design any smaller O,/H, valving or alternate SSME simulation technique. Such
a cost would probably not be recovered from tunnel costs savings for any fore-
seeable test program even if the new model were small enough to be tested in
4x4 or 6x6 foot tunnels. Moreover a 50% reduction (which might fit a 6x6 foot
tunnel) would 1ikely result in a significant reduction of plume simulation
duration, probably as much as 50%. Although a duration of 30 msec is probably
acceptable, 15 msec is probably not - see Section 4 below. Therefore, a
smaller model was eliminated from further consideration.

Second, the provision of higher P, was investigated. If such could be
incorporated into the extant 19-0TS then a real savings could be realized.
However, it was evident that this model was designed for the current pressure
levels, and a factor of 2 increase could not be applied without complete
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redesign. Thus higher P, would mean a new model. As above, the cost of a
new model could not be expected to be recovered from tunnel cost savings.
Third, a simpler (i.e., solid propellant) SSME simulation would not be
worthwhile by itself, but only in combination with either a smaller model
and/or higher P. capabilities. The high P, capability would be for 300"
psia, and satisfactory current solid propellant model technology is not
known. Therefore, further consideration of any new model was terminated.

Thus the 19-0TS model was selected for this program with certain in-
strumentation additions described in Section 4 below.

2.2 Description - The 19-0TS model was developed by Calspan Corporation
during 1972-73, Refs. 24 and 25. Two test programs - IH5 and IH34 - were
performed during 1974-75; the model was refurbished, improved and updated
for the 1976-77 I1H39 test (Refs. 26 and 27); and is now in use on IH75A.
Thus this model represents mature design for which a considerable amount of
experience is available. Fig. 2 depicts the model. Table 2 gives detailed
dimensional data and Table 3 1ists the associated drawings. The model ET
mounts to a thin blade strut which attaches to a sting, and all instrumen-
tation, control, and pneumatic lines are routed internally through them.

Model - This model operates on short-duration firing principles. Combustion
products of H, and 0, are provided to the three SSME nozzles, and 15% aluminum
solid propellant combustion products to the two SRB nozzles, for near dup-
lication of the SSLV. SSME and SRB nozzle intermal surfaces are geometrically
duplicated; external surfaces are smooth. These nozzle walls are structurally
thickened to withstand heating. The skirt curtain between the SRB shroud and
nozzle is simulated. The OMS nozzles are simulated externally and internally,
although there are no flow provisions, and are positioned in their "stowed"
ascent position (6° pitch down and 7° yaw outboard from null). A non-scale
adapter connects the orbiter to the ET, containing propulsion supply lines,
autovalve control lines, charge tube thermocouples, and cooling 1ines. It
also provides a mounting surface for the orbiter wing. Flanges and a small
strut connect the SRB's to the ET. The ET is one diameter longer than cor-
rect scale.

Model 19-0TS was built to the Space Shuttle Vehicle 5 lines and conforms
to the following Rockwell International Space Division Drawings:

(&3]
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TABLE 2. 19-0TS MODEL DIMENSIONS
a. Bodies and Nozzles
ORBITER 80DY ORBITER CANOPY GMS POD
(B64) {c16) (M18)
Dimension Units
. Full Model Full todel Full Model
Scale Scale Scale Scale Scale Scale
Length oML in. 1293.3 @ 29.099 236.9207®  5.331 200.00 @ 4.500
OML Ref. 1290.3 @ 29.032
IML 1288.8 28.998
Max. Width OML 262.718 5.911 194.4394 (@)  4.375 135.75 @ 3.054
IML 260.718 5.866
Max. Depth OML 248.575 5.593 58.8007 ® 1.323 74.50 © 1.676
ML 246,575 5.548
Fineness Ratio OML 5.203 1.937
ML 2 5.227
Max. Cross-sectional Area ft. 340.82 5; 45.6558 0.0231 58.169 @ 0.029
Drawing Number V€70-000002, YC70-0000C2A, VC70-000002,
#MDV-70 Baseline MDV-70 VL70-038410,
ML MOV-70
Ref. Vehicle 5, Ref. Orbiter 102, Ref. Vehicle 5
MCR 200,Rev., 7 MCR 175 MCR 200, Rev. 7
10/17/74 10/17/74
Xg = 235-1528.3 ® Xg = 433.0793-670 Xo = 1311-1511
Xg = 238-1528.3 At Xg = 594 Xg = 1511, Xp = 3C4
Xp = 239.5-152%.3 At Xg = 492 Xp = 304
At Xp = 1516.801 At (0 = 520
%) At x = 1463.316
EXTERNAL TANK SRB
(733) $22)
Length jr. 1852.486 41.681 1789.60 40,266
Max. Diamoter 333.000 7.493 146.00 3,285 (Tank)
Fineness Ratio . 5.563 208.20 8.506 4,685 (Aft Shroud)
Max. Cross-sectional Area ft. 604.807 0.306
236.423 0.120
W. P. of centerline (z7) 400.0 9.000
F. S. of nose (XT) 743.0 16.718
B. P. of centerline (Y1) 250.5 5.636

Drawing Number

VC78-0000028,
82600203049
for spike nose

yC77-000002C,
VC£70-000002A,
YC72-000002C

MAIN NOZZLES

CMS NOZZLES

SRB NOZZLES

(n94) (4g2) (N106)
r
Length (Gimbal Pt. to Exit P1.) fin. 155.69 3.526 56,00 1.260
Diameters in.
Exit 93.75 2.109 50.00 1.125 QED]45.640 3.277
Throat 2 27.778 0.625
Areas ft.
Exit 47,937 .0243 13.634 .0069 Q:)115.688 0.059
Throat 4,205 .0021
Gimbal Point (Sta.) in.
Yo (2)1445.000 32.513 158.00 34,155 Q:)1863.458 41.928
Yo 0.000 0.000 +88.00 +1,980 +250.500 +5,636
I 443,000 9,968 492,00 T1,070 400.000 9.000
Xo 1468.170 33.034
Yo 53.000 +1.193
Zo 34.264 0,771
Mull . Position deg.
Pitch 16,0° Up 15°49* Up 0°
Yaw 3.0° 6°30" Outkaard 0°
Pitch (9 10.0° Up
Yaw + 3.5° Qutboard
Drawing Humber VC70-000002, Vp70-000002, VC77-000002D
VL70-008144, $S-A01240
RS09189, SS-A01216
Upper Nez:zle 1.D.:
gLower Nozz'ie g ? ]A7.64 3.322
Cold;
hot = 1875.358 42.196

' ORIGINAL PAGE IS
OF POOR QUALITY
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TABLE 2. (Concluded)

b. Wings, etc.

£
I3
£
¥

S

£ TOTAL WING EXPOSED ELEVON VERTICAL BODY FLAP
‘ (Wi29) WING TAIL (V23) (F14)
%o Dimension Units
Futl Model Full Model Full Model Full Model Full Model
Scale ' Scale Scale Scale Scale Scale Scale Scale Scale Scale
{1 —
i Planform Area (Theo.) ft. ©690.00 1.362 1751,50 0,887 = 206.57 0.105 413,253 0.209 134,125 0.068
i Span (Theo.) in. 936.68 21,075 - 720.68 16.215 - 346.44 7.795 315,720 7.104 238,000 5.355
Aspect Ratio 2.265 2.060 1.675
Rate of Taper 1177 0.507
£ Taper Ratio 0.200 0.245 0.404
I fDihedra] Angle deg. 3.500°
L Incidence Angle deg. 0.500°
Sweep Angles deg.
L.E. 45.000° 0.000° 45.00° Q°
[ T.E. . ) -10.056° -10.056° 26.,25° 0°
I .25 Element Line 35.209° 41.13°
Hingeline 0.000° 0°
Chords in. jfb
Root (Theo.) 689,243/15,508 562.09@2.640 268.50 6.041 81.00 1.823
po Tip (Theo.) 137.849 3,102 137.843%3.102 108.47 2.441 81.00 1.823
Bl M.A.C. 474,812 10.683 392.826 8.839 89.50 2.014 199.81 4.496 81,00 1.823
.25 M.A.C. Fus. Sta. 1136.834 25.579 1186,500 26.696 1463.50 32.929 N
ke .25 M.A.C. W.P, 290,857 6.544 293.683 6.608 635.52 14,299
25 M.A.C. B.L 182.132 4.098 251.769 5.665 0.0 0.0
’ Airfoil RI mod. of NASA XXXX-64; Double Wedge;
! Root b/2 = .1136 Leading Wedge = 10.00°
e Tip b/2 = .1200 Trailing Wedge = 14,92°
L.E. Radius 2.00 0.045
L.E, Cuff (data for 1 of 2 sides) 2
Planform Area t. 145.4 0.074
L.E. Intersects Fus. M.L. at Sta. in. 500.0 11.250
L.E. Intersects Wing at 5ta. in. 1084.0 24,390
Inboard Equivalent Chord in. . 116.500 2.621
Outboard Equivalent Chord in. 55.219 1.242
Ratio of moveable/total chord
At Inbd. Equiv. chord . 2137
At Otbd. E?uiv. chord s . ,3999
) Area Momen; Area x M.A.C.) 1"1:i 1540.74 0.0175 905.344 0.0103
{ Area used in CHMe Computation fte 210.00 0.106
Void Area ft? 13,17 0.007
Drawing Number VC70-000002A VC70-000002; - VC70-000002,
Hingeline at Xy=1387, Blanketed area=0 MDV-70
: Splitline at Y,=312.5 Yo==1280
6.0" gap, beveled K at X =1532
edges. Ref. Vehicle 5, Ref.Vehicle
Ref. MCR 200, Rev.7 MCR 200, Rev.7, MCR 200,Rev.7,
. 10/17/74 10/17/74 10/17/74
K
®At 8.p. 0
®At 8.P, 108
At 100% b/2

;;
#
]
;

1
ORIGINAL PAGE T
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TABLE 3
19-0TS MODEL DRAWING LIST
DRAWING
NUMBER REVISION TITLE DATE
a. Test IH-39 Original Drawings
SS-H-00404 - Hydrogen Charge Tube - QOuter 03-15-73
' 405 - Hydrogen Charge Tube - Inner 03-15-73
407 - Oxygen Charge Tube - Outer 03-18-73
- 408 - Oxygen Charge Tube - Inner 03-18-73
413 C Autovalve Assembly 02-27-76
414 A Autovalve Body Detail 01-20-75
415 E Autovalve Details 06-18-74
418 J External Tank Body Detail 04-30-76
419 A Plug Cover -ET 11-08-73
420 B End Plug - ET 05-17-76
423 K Nozzle SSME Firing 05-05-76
424 - E Nozzle SSME Non-Firing 05-06-76
425 F Gimbal Blocks - SSME 03-09-76
426 ‘A Detail - Nozzle Clamps 03-28-74
428 - Transducer Cover - ET 04-06-73
439 A Model Strut Details & Weldment 06-11-73
444 B OMS Nozzle Detail 03-04-76
447 B Autovalve Details 07-14-76
450 - Orbiter Details 05-10-73
451 B Shock Absorber - Autovalve 05-29-74
455 C Detail Brackets - Autogvalve 06-10-74
SS-H-01506 D Installation - Model 19-0TS 04-26-76
gest IH-39 &n NA%A LeYis 10" x 10
$S-H-01535 A supersenic Hing Tumne owork 02-17-75
SS-H-0153A F Sting Detail & Weldment 03-30-76
D, Test IA-3Y9 New Drawings
5S-H-01620 3 ~ Wing & Elevons 04-12-76
21 3 Nose Assy - Orbiter 03-11-76
22 4 OMS/RCS Pods 04-15-76
23 7 Venturi Housing & Venturi Inserts 05-19-76
24 6 Injector Housing & Injector Insert 05-19-76
25 8 Combustor Housing & Nozzle Adapters 07-12-76
26 3 Autovalve Revision & Details 03-11-76
27 6 Adapter - Orbiter/ET 07-12-76
28 3 Base Section 05-11-76
29 3 Quter Frame Section (Cold Base) 05-14-76
30 5 Heat Shield - Orbiter & Nozzle 05-18-76
31 1 Venturi Test Fixture 03-12-76
32 2 Vertical Tail 03-04-76
33 4 Body Flap & Closeout Plate 04-08-76
34 3 Outer Frame Section (Hot Base) 05-14-76
35 7 Heat Shield Assy (Hot Base) 05-06-76
36 1 Orbiter Assy 04-28-76
37 2 0TS Model Assy 04-30-76
38 7 External Tank Assy & Details 05-17-76
39 1 Autovalve Body Detail 06-25-76
40 1 Hyrdrogen Charge Tube Assy 11-12-75
41 11 SRB Assy & Details 07-09-76
42 3 Alternate Propellant Holder & Details 07-08-76
43 1 Model Strut Revision 03-12-76

10
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VC72-000002D Design Geometry - Shuttle
VC70-000002A Design Geometry - Orbiter

VC78-0000028 Design Geometry - External Tank

VC77-000002D Design Geometry - Solid Rocket Booster

VC70-355101C Orbiter Heat Shield

(sheets 1-10)

VL70-008401 OMS/RCS Pod (Plus an unnumbered attachment showing
. the modified "doghouse")

plus these McDonnell Douglas Astronautics Company drawings:

733311006 OMS Pod Base Bulge
733311007 OMS Pod Base Bulge
(2 sheets) ‘

Considerable complexity is associated with H,/0. combustion process.
This system consists of H, and 0, charge tubes, a fast-acting bi-propellant
valve (autovalve), H, and 0, metering venturis, an injector, a combustion
chamber, and the three SSME nozzle assemblies. The charge tubes are arranged
spirally in the ET; all other items are in the orbiter. These charge tubes

supply gases at approximately 3000 psia through the autovalve to the venturis.

When the autovalve opens, the gases are supplied to the venturis at constant
conditions for the expansion wave time of the charge tubes. The autovalve is
a pneumatically operated piston-type valve, Fig. 3. Two electricalsolenoid

(Valcor) valves, when energized, permit high pressure N, {approximately 3000
psia) to enter chambers within the autovalve and move the piston to open or

close the 0, and H, ports. - The autovalve is probably the most complex item |
associated with this model, initiating then terminating the SSME nozzle flows

Closing N2 ___ Opening N,

/s

~Q

N sl

Pneumatic
cushion Propellant Gas (02 or Ha)

Fig. 3 Autovalve Concept
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within controllable periods as brief as 30 msec. The venturis operate under
choked flow conditions, and are designed for an 0/F ratio of 6.0. The single
injector is composed of twelve doublets designed to impinge on a diameter
equivalent to the combustion chamber area mean diameter. Doublet holes are
equal in size, angled to balance the radial momentum of H, and 0, streams.
The single combustion chamber provides the necessary volume for the gases to
mix and burn, and is common to all three SSME nozzles. A pyrotechnic
ignition source is located in the chamber. Nominal P, is 1500 psia and is
controlled by charge tube pressure and losses in the autovalve, venturi, and
injector. Nominal run time is 30 msec. Up to 60 msec can be readily obtained
but leads to some hardware deterioration (one inadvertant 150 msec run re-
sulted in a‘hole being burned in the combustion chamber wall).

In effect, the SSME exhaust simulation involves all of the aspects of
the NASA/MSFC Impulse Base Flow Facility except for the IBFF's vacuum cell
feature,

In addition, this model has solid propellant charges for the SRB sim-
ulation. These items are similar to the Calspan-developed motors used on
the MAT1F, FA7, and FA22 tests, (Refs. 28-30), and are essentially identical
to those used on the FA23 test (Ref. 21). Each consists of a propellant
holder, ignition gas system, diaphragm, and nozzle assembly. SRB flow is
controlled by the amount of solid propellant used. The propellant holder is
a cylindrical casing which fits inside the SRB. Solid propellant is glued
to a thin aluminum sheet (0.011 in. thick) and rolled to ¥if inside the
holder. GN2 coolant is flowed through the propellant holder to maintain the

propellant at a constant temperature during the wind tunnel run before ignition.

To 1insure rapid and simultaneous ignition of the two SRB's, both are filled
with a mixture of ethylene (CaHs) and oxygen immediately before the desired
firing time. A pyrotechnic source ignites this gas mixture which in turn.
ignites the propellant. A single igniter is used for both SRB's. The dia-
phragm is contained in the aft propellant holder and cap. It is made of thin
sheets of Mylar sized to burst slightly above the desired Pe- An 0.063 in.
diameter hole is at the center of the diaphragm to permit the N, coolant flow
to exit. The solid propellant is ANB-3066B, a 15% AL/AP/CTPB composition
which is an ICC Class B explosive that functions by rapid combustion rather
than detonation. Burnhing rate is a function of pressure, temperature, and
humidity. Nominal P, is 290 psia and nominal duration is 100 msec.

Data typical of model operation is shown in Fig. 4.

12
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Venturi Inlet

Pressure 3000 psia

02

<

~ 1500 psia

Full Open—ﬂ\\

Autovalve

Ha J/\
SSME PC

Position
~zg— Diaphragm Rupture (SRB Flow Begins)

P i S S .JPMV‘_\”\\
» 0 \-\'W
Ign1t10w~\‘
‘SRB PC - Left [ -~ ‘(:T;kgga‘gg;g~\w\“-~w\wr*~

SRB PC - Right j/

ET Base Prassure
/‘\um SN A NM\/‘\M\ /_—
Y

o Orbiter

j\vidwwww\

o pome NI
P " ' + Y 1 y ¥ 3. N i " ¥ s ponind: ¥ : ’ Y 3 "

Fig. 4 Typical 19-0TS Model Operation

,,,,,,,,,,,,,,



REMNMTECH INC. RM 024-1

Gas Supply and Control - Considerable effort was expended by NASA-Lewis to
design and build gas supply and control systems for the IH-39 test. The
concept is sketched in Fig. 5. The detailed schematics are presented in
NASA-Lewis drawings MDS-945 Revision K and MDS-945A, Revision G (Fig. 6).
Five plumbing panels were built: one each for SSME 0,, H,, 6000 psi N,
cooling/purge N,, and ethylene/oxygen for SRB ignition. These panels and
all supply bottles were mounted atop the tunnel test section, except for the
cooling N, which came from a trailer parked outside the tunnel building. In
the control room, an extensive console was used to monitor and control these
gas systems.

a. SSME Gas Supply ) 3000 psi Venturis
Combustion
02 (1000-2000 psi) Chamber
I,
, —c<
N el
N =
12 B
(6000 psi)» \R\x_Autovalve
3000 psi
L_ Ho (1000 - 2000 psi)
b. SRB Ignition Gas Supply 3-Hay { SRB
Va]ve i><]
~ SR N
0, Ethylene (

Fig. 5 Gas Supply Schematic
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RENMTECH INC. RM 024-1
3. TEST SITE

The selection of the 19-0TS model has a significant impact on wind tunnel
selection. The size of this model combined with the need to keep blockage at
or-below 0.5% requires a tunnel test section of 120 sq. ft. The model P,
levels combined with the need to match P./P_ requires a variable density fac-
ility able to provide Gioqy = 0.5 X Gryjght. For these constraints combined
with the desired Mach range of Table 1, there are only two candidates:

NAME SIZE MACH RANGE
NASA Ames UPWT 11x11 121 sq. ft. 0.5 - 1.4
USAF AEDC 16T 256 sq. ft. 0.6 - 1.6 .

Both operate in continuous, as opposed to blowdown, mode. The capabilities

of these candidates are compared to the requirements (using the Ref. 31 flight
profiles) in Fig. 7. Either facility could meet the primary test needs. There
are secondary technical items which favor AEDC 16T: (1) propulsion testing is
commonplace there so that provisions for propellant handling, exhaust gas
scavenging, etc., are already available; and (2) the larger size minimizes

any wall effects on the model. These items alone would not compel the sel-
ection of AEDC 16T. Rather, cost and schedule (availability) considerations
could be the deciding factors. Final selection and scheduling is beyond the
scope of this effort.

4. INSTRUMENTATION

The 19-0TS model was built for base heating studies, and has been pro-
vided with extensive instrumentation in the base region of each component.
This instrumentation measures surface pressures, temperatures, and heat tran-
sfer. Only the pressure instrumentation would be of use for FA-17 needs.
However, base pressure alone would not fully satisfy the goal of validating
that the recommended plume simulation parameters adequately account for all
of the important plume-induced aerodynamics. For this goal it would be nec-
essary to measure pressures or forces on the wing, elevons, body flap, ver-
tical tail, and nozzles. To thoroughly quantify the complex aerodynamics on
these complex geometries via surface pressure measurements would require a
very large number of taps. A simpler approach is to incorporate force balances
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-~ into these components. Such balances must withstand the most critical of

. either power-off or power-on steady loads, and measure the power-on loads
5”* with precision adequate to satisfy the validation goal. Also, because metal
balances would not damp out to steady state in the short duration of plume
simulation (without providing mechanical dampers which would be complex
beyond practicality of this test), special data reduction techniques will be
needed. The design of balances to meet these criteria was undertaken. To
date the wing balance and elevon flexures have been completed, as described
below.

Loads were taken from earlier wind tunnel test programs. To establish
the loads it was necessary to define the desired range of elevon deflection
angles as these deflections cause significant effects on bath wing and elevon
loads. The flight values of deflection angles and angle of attack are not
precisely Known because in flight they will be contralled so as to minimize
total wing loads. Estimated elevon angles are shown in Fig. 8 anticipated
_ excursions about this nominal schedule are + 3-4°, The FA-17 wing and elevon
:;} balances were designed for this envelope of elevon deflections.
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4.1 Wing Balance - The wing balance is intended to measure normal force and
its location. For the FA-17 test it would be important to precisely measure
the difference in plume on and plume off normal force; this difference was
estimated to generally be no more than 10% of the 1ikely plume off design level.
For wing balance design loads, data from Test IABO were used. That test
covered the range M = 0.9 + 1.4 and a = -4° -+ +4°, both with and without plume
simulation. These data showed that normal force at the nominal flight value
of a = 2° would be no larger than about 22.5 1b., but this value would increase
4-6 1b. for each increase in o of 1°. Thus a balance designed to accommodate
o = 4° would be operating at half or less of maximum capacity at the most
jmportant condition (o = -2°), with correspondingly reduced accuracy, espec-
ially considering the need to quantify plume-on to plume-off differences.
This type of problem frequently arises, and can be handled by several tech-

" niques: different capacity balances for differing load ranges, lowering tun-

nel dynamic pressure to maintain constant force levels as nondimensional force
coefficients increase, or limiting the test matrix. For this program it was
decided that providing several balances would be too expensive, and that the
change in Reynolds number accompanying a change in tunnel dynamic pressure
would be unacceptable. Instead, it was decided to design the wing balances
for oo = -2° and limit testing with this wing balance to o < -2°, while planning
to test at o > -2° with other instrumentation (elevon balances, base pressures,
etc.). Thus, design wing loads were Fy = 22.5 1b., dFy/da = 6 1b./deg.

Wing center of pressufevwas relatively constant, generally being within
+ 0.25 in. of a point 3.0 in. forward of the elevon hinge line and 4.7 in.
outboard of the wing root, Fig. 9. Wing mass properties were obtained by
approximating the wing defined on RI Drawing SS-H01620, 4/12/76, by 41 trape-
zoidal prisms. These mass properties and loads were used to design a wing
balance which could meet both static and dynamic conditions. Maximum stress
at thé gages of 10,000 psi was the design criteria. Location of this balance
was severely constrained by the 19-0TS model fuselage design which was utilized
for valving, metering, and combusting 0, aad H.. The only practical approach
was to locate the balance in the volume originally used for wing attachment.
A single point mass was used to represent the wing, and the balance was
analyzed as a simple cantilever. The resulting design is sketched in Fig. 10.
A prototype balance was built, gaged, and calibrated at MSFC. An aluminum wing
approximating the 19-0TS wing was also built. The combined prototype balance
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Fig. 9 Wing Properties and Loads
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Material: 17-4 PH Stainless Steel

Fig. 10 Wing Balance

and simulated wing were tested for dynamic response, by hanging a weight at
the estimated c.p. and then suddenly removing it. Response was satisfactory.
Thus, the wing balance design capabilities have been demonstrated.

A deflection analysis of this balance indicates an angular deflection
less than 0.1°. Such motion would mean about 0.015 in. tip deflection.

4.2 Elevon Flexures - The elevon flexures are intended to measure hinge

moments. As with the wing balance, it would be important to precisely measure
the difference in plume-on.and plume-off hinge moments; these differences were
estimated to be as much as 30% of maximum expected plume-off levels.

For elevon flexure design loads, data were used from Tests IA93 and IA135
as developed in Ref. 32. Inspection of these data did not clearly indicate
which conditions might be critical. The main reason was that high confidence
could not be placed in the elevon c.p. locations. To define the design loads,
an envelope of loading cases was developed for all conditions of M = 0.9 - 1.25,
a = -4° + 0° at Schedule 6 deflection angles (Fig. 8) for each elevon: dinboard
and outboard. The hinge moments in these envelopes were taken from Test IA93
data, increased by 30% to account for expected differences in plume-on to plume-
off. The longitudinal c.p. locations were taken from Ref. 32. From inspec-
tion of these envelopes, three extreme cases were selected for each elevon.

To estimate the lateral c.p. location, the Test IA135 data were integrated for

the same conditions. The resulting locations were close to the respective c.g.
locations. These selected cases are shown in Fig. 11.
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Dimensions

T

4.227 ——i- Line of c.p.

in Inches K } 1.5
% .135 3,468 T Line of c.p.
dowi— 641
—m] le— 1.24
Physical Properties
Inboard Qutboard
Volume (cu. in.) 2.33 0.24
Weight (1b) 0.89 0.09
Through c.g.:
Iy (in.-1b-sec?) 0.00083 0.00023
Iy (in.-1b-sec?) 0.00023 0.000048
Uyy  (in.-1b-sec?) ~0.000036 -0.000056
Selected Critical Loads
Inboard Qutboard
Moo M,
Load Sas/8 Load
Sei/Se, ei/%ey
.975 0.4 —~ = 1.15 6.11b 4
12°/10° ¢ | 10°/74° =
3.0 1b 0.6 —{ |==
1.05 0.6 1b 1.25 —=1.0 f=-
10°/10° ‘P 10°/-2° e
le— 3.0 - 2.6 1b ¥
1.7 —f=a—e= 0 07‘4>1rﬂh
5795 | gojae v
3.31bV 11.7 1b
Fig. 11 Elevon Properties and Loads
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Elevon mass properties were obtained as for the wing by approximating
the elevons defined on RI Drawing SS-H01620, 4/12/76, by trapezoidal prisms.
These mass properties and loads were used to design elevon flexures which
could meet both static and dynamic conditions. It was desired to have each
flexure be full span for the respective elevon to obviate any gap sealing
problem, while achieving approximately 10,000 psi stress in the flexure to
ensure adequate strain gage output. It was found that thickness of .030 -
.032 in. were satisfactory for the static load situation. A dynamic analysis
was then perfbrmed for a limited number of candidate designs for the Fig. 11
loading cases using the NASTRAN code. The dynamic analysis used a 2 msec
ramp function (based on Ref. 24), and a structural damping coefficient of 1%
of critical. The response characteristics were acceptable and the resulting
flexure designs are sketched in Fig. 12.

Material: Stainless Steel

Inboard | Outboard

Thickness, inches ..032 .030
Max. Bending Deflection, deg. | 0.5 0.4

-l -l
Max. Torsional Deflection, deg.} 2 x 10 7 x 10

Fig. 12 Elevon Flexures
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4.3 OQther Instrumentation - The 19-0TS model has several surface pressure
ports which might be of some interest to the FA17.test, plus instrumentation
to monitor the plume simulation equipment. Sixteen thermocouples are pro-
vided to monitor the temperature of the piezoelectric pressure transducers,
Valcor valve cavity, charge tube gases, and SRB propellants, Table 4.
 Piezoelectric pressure transducers are connected to the 33 surface pres-
sure ports used for plume-on test data plus the 7 plume simulation monitoring

opsncae
k3

| o B o

j ports. These transducers are mounted inside the model. Each transducer is
. compensated for acceleration and has a heat shield to minimize temperature and
r radiation effects. These piezoelectric transducers operate in a differential
= mode as opposed to an absolute pressure mode, and thus require a reference
- (plume-off, stieady-state) pressure. For the 33 model surface pressure ports
¥ there are 17 reference surface pressure ports, which are connected by 0.095
in. i.d. tubing to a single, conventional stain-gage diaphragm pressure trans-
-
: ducer through a scanning valve, located outside the wind tunnel. The two
transducers monitoring SRB P, are referenced to the pre-fire pressure of the
wi ethylene-oxygen ignition gas mixture. For the other five monitoring transducers,
i . . .
" the pre-fire reference pressures are so small relative to operational plume-on
: pressures that they may be neglected. The pressure transducers are summarized
: in Table 5, and their locations are sketched in Fig. 13.
;
TABLE 4 THERMOCQUPLES
B No. Location Type
¥ 601 Orbiter base heat shield (attached) Chromel-Alumel
602 Orbiter base heat shield
i 603 Orbiter base heat shield
iﬁ 604 | ET base cavity
605 ET base cavity
. 606 Left OMS pod
3! 607 Right OMS pod
& 608 Valcor valve cavity
. 609 Valcor valve cavity 1
7 610 Hydrogen charge tube Iron Constantan, "Type J"
as 611 Oxygen charge tube , 7
612 Left SRB shroud Chromel -ATume]
- 613 Right SRB shroud
- 614 Left-hand SRB Propellant Chromel-ATumel*
615 Right-hand SRB Propellant -
616 Venturi Housing Chromel-Alunel

* Iron Constantan "Type Jd" if the CRUCIFORM propellant holders are used.

o



RENMTECH INC.

TABLE 5 PRESSURE TRANSDUCERS

RM 024-1

r oA E
f R ;
i R TN AR

Piezoelectric Pressure Transducer gigggﬁgge Thermocouple Id. No.
Ite s ' For Determining
" Location Range Id. Id. No. Transducer Temperature
(psid) No. (See Table 4)

1 Orbiter Fuselage (L) 2 135 501 616

2 136 502 Avg. of 601 - 603
3 Body Flap ~ Top 137 508

4 Body Flap - Bottom 138 503

5 Body Flap - T. E. 139 504

6 OMS Pod Base (L) 140 505 606

7 141

8 142 506

9 OMS Pod Side (R) 143 507 607

10 144

}1 Orbiter Base Heat Shield }42 §08 Avg. of 601 - 603
2 4 509

13 147 510

14 148 509

15 149 511

16 150

17 151

18 152 512

19 153

20 154 508

21 1565 509

22 156 508

23 157 509

24 , 158

25 SSME Nozzle (#1) 10 159 513

26 (#2) 160

27 (#3) 161 !

gg ET Base 2 ggg g}ﬂ Avg. of 604, 605

J
30 _ l 236 516
'

31 SRB L. Shroud 10 323 517 612

32 L. Nozzle 324 Not Req'd. i

33 R. Nozzle 325 613
gg SRB Pc gk% 100? ;8; }Ignition Gas Pressure

36 Venturi 0, 5000 703 | Negligible

37 2. 704

38 Injector 0O 705

39 Hap 706
40 SSME P¢ 700

SRR Y ~ R PO SR S
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5. TEST OPERATIONS

There are a variety of operations associated with this test whose needs
sometimes conflict: safety in handling the various potentially hazardous
materials used in plume simulation; quality of data especially in precise
synchronization of the five exhausts and in well-calibrated instrumentation,
and productivity in conducting the program with a minimum amount of test site
occupancy. The ability to achieve the first two items has been demonstrated
on each previous test using the 19-0TS model, but high productivity has not
been shown. Operational details of the IH-39 test are presented in Ref. 33.

Pending final negotiations with a suitable wind tunnel, it is expected
that equipment for this test will be supplied as follows. NASA-MSFC (either
directly or through a contractor) will furnish the required number of piezo-
electric pressure transducers with power supplies, thermocouples, and all
wiring within the model. The wind tunnel will furnish scanning valves and
transducers for the reference static pressures, an angle of attack indicator,
and wiring from the model sting to the control room.

5.1 Test Conditions - Values of the various test parameters have been selected

to cover a limited parametric investigation of the flight regime critical to

plume simulation for power-on aerodynamic considerations. The transonic Mach

number range for ascent along a nominal KSC ascent flight profile was selected,

Table 6. The 19-0TS model is limited in SSME P. to approximately one-half

TABLE 6 SSLV FLIGHT CONDITIONS

Per Ref. 32 - Mission 1 (Launch from KSC at 28.5°)
Flight | "

Condition 0.9 1.0 1.2 1.4
Altitude (ft.) | 19,018 | 23,073 | 31,243 | 38,059
P_ (psfa) |1047.3 893.4 631.7 462.1
Pt 1771.2 1691.1 | 1531.8| 1470.7
q,, . 593.8 625.4 636.8 634.0
Re_ (10 /ft.) 4.6 4.8 5.0 5.1
PCSSME (psia) {3000 S o
Pespp 560 =540 =540 =560

28
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of flight values, so to maintain Pe/P, in test equal to the flight ratio,
tunnel pressures were selected to be one-half of flight, Table 7. Values

of angle of attack were selected to cover the expected flight range, but

use of the wing balance must be limited, as discussed above, Section 4.1.

To encompass the desired range of Mach number and angle of attack, while
keeping the total program to a practical level, elevon deflection angles

were generally Timited to nominal values. Both SSME and SRB P. were absolutely
Timited to nominal values. The total program is summarized in Table 7.

6.2 Procedures - There are several categories of procedures involved:
instrumentation calibration, plume simulation equipment activities, data
acquisition, normal run sequence, and abort/malfunction sequence. The latest
integration.of these functional procedures into a comprehensive sequence of
steps is shown in the Appendix, Test IH-39 Checklist. '

The piezoelectric pressure transducers will need to be calibrated at a
series of discrete operating temperatures before installation in the model,
to define the change of millivolt output with pressure, at each specified
temperature. Low range transducers used for model surface pressure measure-
ment should be calibrated at 75°F, 100°F, and 125°F. High range transducers
used to monitor the propulsion simulation equipment should be calibrated at
100°F and 200°F. The electronicoutput of these piezoelectric transducers

vanish under a continuous pressure, so it is necessary to use a device which
applies a step pressure load and use the resulting instantaneous cutput values
in the calibration. The conventional strain-gage pressure transducer used for
plume-off steady-state reference pressures can be calibrated for room temper-
ature operation. The wing and elevon balances will need to be calibrated before
installation on the model. Additionally, frequent checks should be made during
the test to verify that the primary calibration has not shifted for any reason.
Special jigs/fixtures will need to be provided to facilitate these check cal-
ibrations.

To preclude damage from exposure to the elevated temperature of the con-
tinuous tunnel airstream, the piezoelectric transducers should be cooled to
approximately 80°F and the SRB propellant and Valcor valve cavity to approxi-
mately 100°F, using GN; as coolant. Cooling lines for the piezoelectric trans-
ducers are routed to the SRB shrouds, the ET base cavity, the orbiter base, and
the OMS pods. Cooling to these areas should be used while the tunnel is operating
except when the test data are being recorded during model firing.
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TABLE 7. TEST CONDITIONS

MOO
‘ 0.9 1.0 1.2 1.4
P, (psfa) 523.6 446.7 315.9 231.0
Pt_ (psfa) 885.6 845.6 765.9 735.4
9, . (psfa) 296.9 312.7 318.4 317.0
Re, (10 /ft) 2.3 2.4 | 2.5 2.5
p sia 1500 L
CsSME (psia)
Pespg  (psia) | =280 =270 =270 =280
. L
4 Nom. de Nom. de Nom. Ge Nom. 5e
Add1. &, Add1. &,
-2° Nom. 6e Nom. de Nom. Ge Nom. Ge
a 0°® | Noin.. s, Nom. 8, | Nom. &, Nom. &
2°@® Nom. 8, Nom. 8,
° [i
4 (:2(}) Nom. &, Nom. 6

+ one repeat point (to be determined)
+ allowance for one misfire

NOTE: 1. Nom. Se nominal value of elevon deflection angle,
either: e Schedule 6, or
e Any update to Schedule 6, or

o Value selected from resu1ted of Test IA]]Q
2. Add?;*ﬁe an additional value of § 1./cseo

3. Without wing balance.

4. Without elevon balances.
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Activities related to the plume simulation equipment begin with loading
solid propellant into the SRB's. Pyrotechnic igniters for SRB's and SSME are
installed. Completion of the pre-run checklist will verify readiness of model
fuel and control systems, model configuration, and instrumentation. Then the
tunnel may be closed and pumped down with the model at o = 0° and GN, model
instrumentation cooling initiated. Start the tunnel and obtain desired con-
ditions; during this time, pressurize the autovalve charge tubes, and make any
needed timing ajustments to the firing sequence control panel. If the charge
tube gas temperatures vary significantly during this period, the charge tube
pressures must be adjusted so that the fixed-geometry venturis will maintain
the desired 0/F = 6.0. Adjust model angle of attack as required. Verify that
fuel, control, and recording systems are correctly adjusted and operating.

When affirmative, cease cooling to the model and charge the SRB's with ethylene
and oxygen. Operate the firing button. The firing sequence control panel will
be used to control the SSME and SRB flows. The steady plume-on SSME flow will
be Timited to about 55 msec maximum to preclude deleterious nozzle heating.
(This setting will produce a total SSME flow time of approximately 65 msec.).
The steady plume-on SRB flow time will nominally be 100 msec for a nominal
propellant thickness of 0.050 in. Due to the time required to reach steady
plume-on conditions, the SRB flow will always be initiated before the SSME flow.
A1l of these times are preset.into the control panel, so operating the firing
button activates each item at the proper time, including recording data. After
the firing, resume model cooling, shut off recofding equipment as appropriate,
and set the model to o = 0° for tunnel shutdown.

In the event of an aborted run or a malfunction in the plume simulation
equipment, detailed procedures of the Appendix should be followed.

Data acquisition will be performed at five time periods:

Just before closing the tunnel (ambient pre-fire call)
Just before firing the motors (tunnel pre-fire call)

Just after firing the motors (tunnel post-fire call)

1

2

3. During the motor firing - plume on

4

5. Just after opening the tunnel (ambient post-fire call)

Four of these periods are for plume-off conditions, and all channels will
be recorded. For the plume-on condition, only the wing balance, elevon balances,

3
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base surface pressures and plume simulation monitoring ports (measured by
piezoelectric transducers), plus events, will be recorded. The plume-off
data will be recorded on digital encoding equipment, and the plume-on data
onto an analog type system as a function of time. Table 8 summarizes the
data acquisition process.

" There are some photographic procedures involved. Installation photographs
of each test setup are required. Photographs of the model assembly, components,
instrumentation, etc., will be taken upon request of the responsible test
engineer. Close-up photographs of the model instrumentation are requiféd.

High speed Schlieren movies are required for each run. The primary interest
is the flow field generated by the model plumes and boundary layer separation
induced by the model plumes.

TABLE 8. DATA ACQUISITION SUMMARY

Id. Recording Device Data Quantity of
channels
1 Analog Tape System Model Surface Pressures (Piezoelectric) 33
2 Propulsion Simulation Operating Pressure 7
3 Autovalve Potentiometer Position
4 .Events (4) 18
5 Digital Encoder Model Reference Pressures 17
6 Thermocouples 16
7 Fuel System Pressures 13
8 Tunnel Configuration Parameters To be
determined
9 Visicorders Propulsion Simulation Operating Pressures 7
(same as Id. No. 2 above)
10 Propulsion Simulation Operating Events: 8
Ignite SRB's
Autovalve Opening
Autovalve Closing - Primary
Autovalve Closing - Redundant

s s e v

32




R B

Vh pmrnp b 7 A M -

Y - P

RENMTECH INC. RM 024-1

5.3 Data Reduction and Presentation - Data from the wing and elevon balances
will need special handling because these devices will not reach steady state
operation during the time of plume simulation. Instead, their output data
history will be a lightly-damped sinusoidal function, Fig. 14. The elevon
balance is expected to require approximately 400 msec for oscillations to
damp to about 5%, and approximately 600 msec to damp to about 1%, while plume
simulation will be limited to about 55 msec. However, the balance dynamics
are predicted to cover several cycles during plume simulation. A suitable
approximation to the steady state value that would result if the plume
simulation could be maintained for a long duration can be obtained from:

: steady state ; =% [%(Emax ; * Enax i+1) * Enin 1] (1)

where E is the individual balance output term. Per the methods of Ref. 34
for damping equal to 1% of critical, the result given by Equation 1 differs

']8 l _.._._..‘._.......l s e 1 e ey — — . .__._1 i i -”1
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Fig. 14 Balance Data Qutput
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from the exact solution by only about 0.02%. To minimize random experimental
effects, the several values obtained at different {'s would be averaged for
either the entire plume duration or for a time interval to be decided for each
run by the test engineer after inspecticn of the Visicorder output.

Data from the model pressure instrumentation recorded as functions of
time will be reduced to a single value (per parameter), as averaged over a
specified time interval. This interval will be decided for each run by the
test engineer after inspection of the Visicorder output. Operations for the
pressures are detailed below.

The 7 propulsion simulation operating pressures and the 33 model surface
pressures recorded as functions of time on analog tape are to be reduced using
Equation 2: . dAE(t) ) .1.> . by

P(t) = ("EMN (s (2)

Voltage drop measured by the recording system at time, t;

"

where AE(t)

GAIN = net gain of the electronic system between the sensor and
recording system;
S = transducer sensitivity;
PR = steady state plume-off reference pressure.

The steady state plume-off reference pressure, Pp, is to be reduced using
standard test site methods and presented in engineering units. Tabhle 5 listed
the reference pressure to be used with each piezoelectric transducer. The
piezoelectric transducer sensitivity to temperature, S, used in Equation 2 will
be determined by the transducer temperature. The temperature of the high range
transducers monitoring propulsion simulation operation will be assumed identical
to the tunnel freestream total temperature. Calibration sensitivities will be
available at 100°F and 200°F. The temperature of the low range transducers
measuring base pressures will be determined by surrounding thermocouples. A
transducer/thermocouple correlation was given in Table 5. Calibration sensi-
tivities will be available at 75°F, 100°F, and 7125°F. To select a sensitivity
for Equation 2, assume a linear variation between calibration temperatures.

There will be a variety of different typés of electronic circuitry used
to link the model instrumentation (piezoelectric transducers) to the analog
tape recording system. To obtain a true response from each model sensor, the
output voltage signals must be corrected to account for the different time con-
stant of each sensor electronic circuit. Voltage output signals are to be
corrected using Equation 3:

34
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| ! AEc(t,) = AE(tn)('l + -T——~> + AEc(tpy) 1 - e\ 7 (3)
!? where AEc = corrected voltage;
|

. AE = actual voltage output at time, t;
t = time at which the voltage is being corrected;
n = the number of time intervals from 0 to t;

At = t/n = time interval at which voltages are recorded
(At = 0.4 msec);

T-= circuit time constant.

b From Equation 3, the corrected voltage at any time, t,, is a function of the
voltage output at that time, t,, and the corrected voltage at the previous
data point,'tn_a.

» The presentation of reduced data shall be in three categories: header
:ff data, raw dynamic data, and reduced data. Header data shall be listed with

fis the reduced dynamic data for each run and shall consist of tunnel operating
conditions evaluated just before model firing, model configuration data,

and facility data. Raw dynamic data will be primarily be Visicorder traces
but may also include tabulated data. Reduced data will include tabulated
steady state data plus both tabulated and plotted dynamic data. Table 9
summarizes the data presentation. It is desired to be able to tabulate any
‘fé of the dynamic data vs. time at any point during the test as required.

- The availability of data should be as follows. Visicorder data should
be provided immediately after the run. Digital encoded data should be pro-
vided for immediate playback in the control room. Selected analog tape
channels shall. be played back on Visicorders immediately after the run. Data
on the analog tape should be reduced and provided in tabulated form 24 hours
after the run. A1l header data should be Tisted with tabulated data 24 hours
after the run. Plotted data should be provided one week after the run. There
| need not be a data tape for DATAMAN for this test. Two complete copies of the
{E?E data will be required: one for the test engineer and one for NASA-MSFC. One
' extra copy of the summarized data will also be required for the test engineer.
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TABLE 9 DATA PRESENTATION SUMMARY

HEADER DATA

Tunnel operating conditions

stagnation pressure

WoONO OB WN —
s o e s s 2 e e »

static pressure
dynamic pressure

model altitude
Reynolds number
stagnation temperature
static temperature
density

Mach number

Model cohfiguration

Ny —

angle of attack
elevon deflection

Facility

facility
facility test number
model number (19-0TS)

Shuttle test number (FA17)

run number

DO wh—

date

RAW DYNAMIC DATA

Wing and elevon balances

Wing and elevon balances

Propulsion simulation operating transducers
Propulsion simulation operating e€vents
Selected model surface transducers

Selected piezoelectric transducers } A

mV vs. time (Visicorder)
(Visicorder)
(Analog tape)
(Analog tape)

mV vs. time (tabulated)

mV vs. time (tabulated)

[@3 At the request of the

test project engineer

REDUCED DATA

Steady State | Tabuiated Thermocouples (°F and °C)
Reference pressures (psia)
Dynamic Tabu]atedgﬁ§ Propul. sim. op. pressures ({psia)
Model surface pressures Epsia)
‘Balance loads CN» CgMs CTMs CHM)
Dynamic Plotted Propul. sim. op. pressures '(psiag
vs. time Model surface pressures (psia
Balance loads (Cy» CpMs CTM> CHM)
Temperatures (°§)

'Zéx Corresponding to the specified time interval.
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6. CONCLUDING REMARKS

Test FA17 would most favorably be conducted with a modified 19-0TS model
in the AEDC 167 facility, but could probably meet program goals if performed
in the 11 x 11 leg of NASA-Ames UPWT. Final test site selection and schedul -
ing is beyond the scope of this effort,

To achieve program goals the 19-01T8 model should be modified to include
at least wing and elevon balances, and it may be desired to consider body
flap, vertical tail, and/or SSMt noz:le balances. That is, use of the extant
base pressure instrumentation alone is not likely to provide adequate veri-
fication of the candidate plume simulation’correlation parameters and appli-
cation techniques. Use of the 19-01S model with its short-duration firing
principles will require competent (and preferably evperienced) staff because
of the associated complexities. However, this model has been successtully

used for several vears so that no conceptual difficulties are envisioned. A

suitable wing balance desiagn was devised and a prototype built and successfully

demonstrated. flevon balances were designed 1n a similar fashion, No other

balances have yet been investivated in any detail,

The FA17 model would not exactly match that of 1A119,  To provide for
direct comparison, it would be desireable to add a limited set of runs to
IA119 with a modified model. This modification would involve increasing the
ET lenath by one diameter, and replacing the scale truss ET-to-0rbiter at-
tachment with a large solid strut. It is anticipated that only a limited

test matrix matching Table 7 would be required.




REMNMTECH INC. RM 024-1

10.

1.

12.

13.

REFERENCES

Blackwell, K. L., "Status (of) Ascent Plume Development Technology Test
Programs,”" {Oral Briefing), MSFC, February 1975.

Korst, H., R. H. Page, and M. E. Childs, "Compressible Two Dimensional
Jet Mixing at Constant Pressure," ME-TN-392-1, OSR-TN-55-99, University
of I1linois, Engineering Experiment Station, April 1955.

Goethert, B. H. and L. T. Barnes, "Some Studies of the Flow Pattern at
the Base of Missiles with Rocket Exhaust Jets," AEDC-TR-58-12, Arnold
Engineering Development Center, October 1958.

Zumwalt, G. W., "Analytical and Experimental Study of the Axially-Sym-
metric Supersonic Base Pressure Problem," Ph.D. Dissertation, Depart-
ment of Mechanical Engineering, University of I1linois, Urbana, 1959.

Nash, J. F., "An Analysis of Two-Dimensional Turbulent Base Flow, In-
cluding the Effect of the Approaching Boundary Layer," NPL AERO Report
1036, 30 July 1962.

Pindzola, M., "Boundary Simulation Parameters for Underexpanded Jets
in a Quiescent Atmosphere," AEDC-TR-65-5, Arnold Engineering Develop-
ment Center, January 1965.

Greenwood, T. F., "An Analytical Study of the Base Flow Problem Includ-
ing the Theories of Korst, Zumwalt, and Nash," AA-3-65-8, Brown Engin-
eering Company, Inc., March 1965.

Schetz, J. A., and S. Favin, "The Ignition of Slot-Injected Gaseous
Hydrogen in a Supersonic Airstream," NASA CR-344, January 1966.

Donaldson, C. duP., and_K. E. Gray, "Theoretical and Experimental
Investigation of the Compressible Free Mixing of Two Dissimilar
Gases," AIAA J., Vol. 4, No. 11, November 1966, pp. 2017 - 2025.

Herron, R. D., "Jet Boundary Simulation Parameters for Underexpanded
Jets in a Quiescent Atmosphere,” J. Spacecraft and Rockets, Vol. 5,
No. 10, pp. 1155 - 1160, October 1968.

Addy, A. L., "Analysis of the Axisymmetric Base-Pressure and Base-
Temperature Problém with Supersonic Interacting Freestream Nozzle
Flows Based on the Flow Model of Korst et. al., Part 1," RD-TR-69-12,
U.S. Army Missile Command, July 1969.

Schetz, J. A., "Unified Analysis of Turbulent Jet Mixing," NASA
CR-1382, July 1969.

Lott, R. A., et. al., "Power-On Base Pressure for Space Shuttle Launch
Configurations: Final Report, LMSC-HREC D225152, Lockheed Missiles &
Space Company, June 1971.-



ﬂ% s DU ;wiﬂ

e R el TR BRI R SR ERR R Rt ) B R e I I Ao SECHRCE LSNP ST

l REMTECH INC. RM 024-1

]I 14. Blackledge, M. L., and R. AL Gyorfi, "Plume Technology Program Base
Pressure Similarity Parameters," TN-230-1267, Northrop Services, Inc.,
April 1974,

IE 15. Grounds, W., "Plume Technology Program Status Report," (Oral Briefing),
Northrop Services, Inc., January 26, 1976.

l; 16. Boyle, W. W., "Plume Technology Program Status Report," (Oral Briefing),

Northrop Services, Inc., July 12, 1976.

aE 17. Andrews, C. D. and C. E. Cooper, "Pretest Report for a Plume Technology
§ Program in the MSFC 14 x 14-Iach Trisonic Wind Tunnel (MA-10F)," LMSC-
HREC D306631, Lockheed Missiles & Space Company, May 1973.

a; 18. Andrews, C. D. and F. C. Ketter, "Pretest Information for a Plume Tech-
nology Test in the NASA-Ames 6 x 6-Foot Supersonic Wind Tunnel (FA6),"
LMSC-HREC D390147, Lockheed Missiles & Space Company, March 1974.

i

E; 19. Rawlinson, E. G., "Pretest Information for a Solid Rocket Booster (SRB)

, Plume Technology Test in the MSFC 14 x T4-Inch Trisonic Wind Tunnel (FA-19),"

E‘ LMSC-HREC D496587, Lockheed Missiles & Space Company, October 1975.

20. Reardon, John E. and C. D. Engel, "Fretest Report for a Solid Propellant
- Plume Aerodynamic Test Program in the MSFC 14 x 14-Inch Trisonic Wind
{v Tunnel,” RM 016-1, REMTECH, Inc., October 1973.

21. Hendershot, K. C., "Results of the NASA/MSFC FA-23 Plume Technology

7{ Test Program in the NASA/Ames Unitary Wind Tunnels," XN-5798-A-2,

e Calspan Corp., February 1977.

ny 22. Nichols, M. E. (Rockwell International), "Results of a Jet Plume Effects
Jé Test on Rockwell International Integrated Space Shuttle Vehicle Using a

Vehicle 5 Configuration 0.02-Scale Model (88-0TS) in the 11 by 11 Foot
Y. Leg of the NASA/Ames Research Center Unitary Plan Wind Tunnel (IA19),"
i NASA CR-141543, June 1975.

23. Hawthorne, P. J. (Rockwell International), "Results of an Investigation
of Jet Plume Effects on a 0.010-Scale Model (75-0TS) of the Space Shuttle

oLk Integrated Vehicle in the 8 x 7-Foot Leg of the NASA/Ames Unitary Wind

o Tunnel (IA82C)," NASA CR-144597, March 1976.

& ' .
1 {E 24. Hendershot, K. €., R. F. Drzewiecki and P. L. Lemoine, "Development of a
’ Hot Rocket Subscale Space Shuttle Model for Base Flow Studies," AIAA
4 Paper No. 74-1147, Qctober 1974.
i
e 25. Hendershot, K. C., "Technology Studies in Support of the Space Shuttle
] Model Base Heating Program," DM-3086-A-1, Calspan Corporation, April 1976.
. i, 26. Foust, J. W., "Information for Base Pressure and Heat Transfer Tests of

the 0.0225 Scale Space Shuttle Plume Simulation Model 19-0TS in the NASA-
Lewis Research Center 10 x 10 Foot Supersonic Wind Tunnel," SD76-SH-0082,
Rockwell International Corporation, 17 March 1976.

¥

1
{
{
‘

39




REMTECH INC. RM 024-1

27.

28.

29.

30.

31.

32.

33.

34.

Reardon, John E., and C. D. Engel, "Redesign Study for the Base Heating
Space Shuttle Model 19-0TS and 25-0," RM 019-1, REMTECH, Inc. June 1975.

Hair, L. M., "Test Data Report for Solid Propellant Plume Aerodynamics

Test Program in MSFC 14 x 14 Inch Trisonic Wind Tunnel (TWT 586) (MA-11F),"

RTR 016-1, REMTECH, Inc., May 1974,

Hair, L. M., "Test Data from Solid Propellant Plume Aeordynamics Test
Program in Ames 6 x 6 Foot Supersonic Wind Tunnel (Shuttle Test FA- 7)
(Ames Test 033-66)," RTR 016-2, REMTECH, Inc., January 1975.

Baker, D. C., "Investigation of Solid Propellant Plume Effects On Model
Base Pressures at Mach Numbers 0.5, 0.9, and 1.2 (FA-22)," AEDC-DR-75-79,
August 14, 1975.

Toelle, R. G., "Distribution of Inhouse Generated Space Shuttle Ascent
Trajectories for R. I. Vehicle MCR-200," S&E-AERO-GT-73-57, NASA/MSFC,
September 18, 1973.

Laspesa, F. S., "Aerodynamic Design Data Book, Volume II: Mated Vehicle,"
SD72-SH-0060-21, Rockwell International Space Division, December 1976.

Hair, L. M., "Trip to NASA-Lewis Regarding Use of the 19-0TS Model on Test

FA-17,* Letter to K. L. Blackwell of NASA/MSFC , REMTECH, Inc., Feb. 4, 1977.

Cannon, R. H., "Dynamics of Physical Systems", McGraw-Hill, 1967.

40




Bo. oo T é’
PAGF 1
© $55SS  pppep AAA CCCCC  FECFEE ™
'€5SSSS  PPPPPP AA AR €CCOCC  FrREEE *
SS PP P AA AN CC FE X%
sc FPPPP. AAAAAAA - GO EEFEE * ok -
. S5 P AR AR CC L EE R
$SS555 re AR AR CCCCPE  EEEFEE T T
55555 R AR AA CCCCC  FEEEEF Bk A
s * ek ek
8 ko, ) o o okt ok ek
i Lox o N e M
2 ' AXE ok ek .
R At Y X Yok ok A T T aamkanen T T
=X K ek o o o ek e e ~
.ox o, sk o e v op R ke
' . o . Stk Ak ek ke koAb kA &
L * oo A Aot sk A o Aok oo ol Yook o ok e ek ok ~
ke e Aok Sl e o e e e oo e o ol ke
R T T SRS PR TS
% 3 e Ao ek e e Rk o e e R e o ok Ak Rk ~
| Tl R R Rt R Rk A R R e e e
E KA ALK AR AK KRR KR :
; A% R ABERERRR AR LR AR RS B ) N
b XX XX whokdfokksok ik o
: XXXXXAX Admbkbdnenhktns T
: AAXAXXAKK  deh ek hokok vk -
; YXY)’YY\(X 2’ S 22232322283 %
g XX XXX XX ROEAER AR A %
k> XAX Y XXX L3S TS . X,
- _ ,X‘XXXXXX._”~.~ BRIkt it e « ¥ L
| XXX %Y I " S
‘ XX XX XXX AAEHR R BREEAY KK Ak
XXXXX okt H X%
; XXXXX C mRRas .« ko,
# XWXX Foktk . R, . '
‘ XXXX e S, Ak xE #*
XXX B
¥ X » % *
v #
x -
S58SS HH  HHC AW _ygu _ TTTITIT  TTTIVIT. Ll FEEEFE
SS5SSS MR O HH QYU UU  TTTTTT TTTTTT LU peggce C
SS HH O HH U Oy TT T Lt FF
SS HHHHHH uyuu TY TT L EELFE
SS  HH HH 1 UU TT 17 L £F
SSSSSS HH HH Uy yy TT TT LLttLL  EREEFE
S5SKS HH _HH _ Quly TT _LTT LLLLLL  EFFFEE
-

R S STV RN N

PAGE 2

e T N e
Bt Py o e e ool R o LA e Mol o R At o R A AR o Ak ok o e AR e AR R R
e A R ok R P R K A Rk R R RO R R Rk ko kR

10X10 SWT SPACE SHUTTLE CHECK LIST

ok S e e o e A A o o B A K ok R A R
R AA A AN A A AR R S Rk R R R AR R R AR R A AR R R
Fooke o 408 A FOR o ok A € ok oK e o o o ot R o o R R o o o o ok ok e ok

{1} SPACE SHUTTLE PRE—RUN CHECK LIST ..

PRST RUM pDanDURF

#t#ttﬁ**ﬁ*#**#}t*ﬁ?**¢§*§Q**##***#*ﬁtf?{t*tfﬁ*i*y*ftt'

ﬁh*th*ﬁ+*t**ﬂ***¢ttt#***tt*******#**ﬁ***#*ﬁ#?#ﬁ#*ﬁ*f*
/ /

NATF / /

. / /

A A R A AR AR AR R F N E R AN EA N e AR Rk kT ok ARk

[T " D

RIgM

LATEST REVISTON

NATE

f.{{‘vt:i':‘%*f:wﬁ;&*k*'ﬂ**m#‘&***#*?viﬁvﬁftytt»?}***‘*#t#‘**ﬁ*t*-&*.*t'

XIAN3ddv

- REVISINN

' ‘ REVISION

LSTIMOIHD 6€HT '1SIL

0 e Ve fe Yook o A e A e Aok Rk R ko ko R RS R AR AR AR AR R R
K A A A AR R Al e R A RO R R R R R R Tk ok kR R TRk Ak

Ih T10-26-76

on 11-1-76

REVISINN (v} 11-23-76

D A A S T T P T T ST T TP T T e D)

R R R I R R R A R N NN NN R AR N

IN CASE ANY MALFUNCTION NCCURS, SCE

PARMNRT PROCENURESY OM PAGE 22

NCTE:

=
g%
=
o
c
3
2

QI @Hvd TVNIOIEO

RS

L-¥20 WY

e

pec =

TSR —




) . ) PAGE
10X%10 SWT SPACF SHUTTLF CHFCK LIST

SPACE SHUTTLE PRE-RUN CHECK LIST
UM NP T{*TN RE DEFINED RY RFSEARCH ENGINEEP,
SEE MNDEL SET-UP SHEET)
COMTRACTOR PERSONNEL TD COMPLETE TH!S

___________ PARTINN AF THE CHECK LIST

ces eese eees MADEL SET-UP SHEET COMBLETE 7 777

sae sses seas PERMISSIVE KEYS FAR F{RING PAMEL AND GAS

SYSTEHS Tr BE IN PACESSINN NF MECHAMIC
COMPLETIMG CHECK: LIST
ceee sewe sses  CALSPAM FiRiMG PANEL KEY ~
ceee eves seas SOLENTIN MASTEP PMYER KEY
ceea sees eees TUNNEL NDNOR SHNRTIMA KEY
ce+ sase seee FNTER TEST SECTTANTAND INSTALL GAS ™7~ 777
TEMRFRATURE PPNRE COVEPS (1F APPLICABLE}
ese sese sees  HSING CAMEL HAIR ARTIST ARUSH, CAPEFULLY
CLEAM HFAT TRAMSFER GAGES WITH CAREHM
des sees sses INSOECT TEST SFLTIAN  {REMOVE DERPIS AND
WASTE MATERIALS, SERVIGCE EQUIPMENT AND
TOM.§ EXCEPT THNSE NEEDED TC LCAD IGNITERS
AMD CRSPM <AL 1D PROPELLAMT)

S ciee wwee FINAL CCNFIRMAT (NN PF HMnnEl coMEIGURATION
cees sses seee SSME ENGINE TYPE AM[ GIMBAL AMGLES
cete euee sewa  RSAM ENGINME GIMRAL AMGLES
weee sasae saes  FLEVON ANGLE &
eses sees sess AS TEMPERATIRE pRNRFS
eece esen ssee HEAT TRAMSFE® GAGE CLEAMLIMESS

MECHARICS DROIMG THIS PARTINN NF CHFCK {WHERE PRPPELLAMT
AME IGMITERS ARETMSTALUFN) MUST WEAS LEG STATS
AN FALCE SHIELDS

e ” 4 I H . -

£ H o 4 [ El i Y €, 3 s 5 T temin

-
a0
, ] - ) , PAGE 4 B
' ~ 1NX10 SWY SPACE SHUTTLE CHECK LIST S
- i‘l b g - b mm e e e e e e e 4 - *
~ 5 Y eie vese sess INSTALL SOLIND PROPELLANT WITHIN BSR™ o ;
: HOUISTING AND CONNECT T/C'ST oy
tes ceee aess REMOVE GAS TFMPERATURE :PRNBE COVERS A
- e e { IF_APPLIYCARLE - e -
 ebe sese ees. COMDUCT STPAY VOLTAGE CHECK CN IGNITER S
COMMECT ING WIPES ‘ {
o eee avee eees TRIM IGNITER LEANS ’ LI S
T T S TTINSTALL TGNITER INTA NRRTTER COMRUSTION T P
~ CHMAMRER ANN BSRM IGMITERS INTD EMD NF T
PRAPELLANT HOLNER INSERT A
~ tee seee sese REMAVE IGNITER SHOFT FROM [GNITER LEADS L
R T L T T INSTAUL TGNITINY WIRE LEADS om iGMiTRRS T b
L ' H
eee seee sees INSTAIL DROITER IGNITNR CNVEP AND RSPM NNSE {
) : PIECES :
L ee cese eeee EXIT_TEST SECTINN_WITH RFMAINING TOPLS ] o -
e — AND SERVICE FOUIPMEMT .
tes eese sees CONFIRM GAS TEMPERATURE PROSFE COMTINUITY B -
FRNM QUTSENF NF TEST SECTIOM (1F APPLICARLE)
_____MASA PERSOMNMNFL_TN COMPLFYE THE REMAIMDER B
T A€ THE CHEEK LIST
N
) ees sous wees VERIFY TEST SECTENN SCHLIERFN WIMDCWS APF
CLEAM L o : i
) w2 sves sees TEST SFCT'VB”I”,FE_§!FG, ,-AL” LockeEDr . I
) BEFARE PRPCEFENDING WITH CHECK LIST i
S5O eee seas esee AFTER LACKIMG TEST SECTINM, INSFRT THMMFL
= 0 NNOR SHNATING KEY AND TUBN *ON?
= ;
Q - ees ssee sass CONFIRM CARROX SYSTFM 'OM® IN COMTPCL ROCM B
53 {KEY SWITCH)
= g: e CHECK CARDOX SYSTEM SUPPLY TANK LEVFL
- =
gD.v =
S
2] 0
= ToT T - T fs
@ AR
~ o
*
% ':'-,s'. B .
" ey - v e e T g ARG,




.. — b & b T
s St S At N S U A S SR IEN B R fromend ;
PAGE 5 P PAGE 6 G
LOXLO.SHT SPALE SHUTTLE CHFCK.LIST o LOX10 SHT SPACE SHUTTLF CHECK LIST <
- e R . e e e s = ———— i
SET UP GNZ2 LELCLING SYSTER o 7 pYIy SEITING UR SYSICES CN 10P Of IEST. SICIION -
: FACE SHIELDS ARE ID RE WCRM
caee GOTO AREA OF GM2 AMD {42 TRAILEPS AMD VERIFY FLEX o N .
HOSE CONNECTING LN2 AND GN2 TRAFLERS IS 1M cen. COANFIRM GRCUNDING CLIPS ON BOTTLE PEGULATORS :
. PLACE ANT THAT PIPING COMNFCTIMG THF _LNZ e R, T . o R
Tkt‘“ Ee A THE PU“.r”v'\N'~ lS Ppr‘PERLY C(’NNCCTED . ; e CQNF‘QH ALL BLEFD VALVFS 'CLOSFD' . "
- o o , . tox17, NX20, ET04, OX36, PNS4, oo
veee CONMFIRM PM4T PEADNS APPRAX. 60 PSI(FUEL HOUSE) , HY17, HY20, HY22, CN30, CN3}, CM35) Loy
2 o - - - - - - ‘ o~ e . . . I . . N PR . . . . It M
ceae (COMFIRM PM44 PFALS APPRAOX. 30 PSI{FUFL HNYSF) ’ ceen THURN YONY PANFL FAN NN 2M g .
L L O R e - L
 w.e.  'PPEMY PN3L RY ENFPGIZING PM3IS FRCM FAMTROL ROOM i #
: ~ - ' Ip SEI UP §0X AND GH2 S0IILES LOX0L AND HYQ1} C
eess 'PPENT OYALVE PN3IQ OM TURE TPAILFR TO 'RLEFD! T
5 PrstTION - - cees YOPEN?' HAND. VALVES NXC2 AND HY02 O BOTTLES f
o AMD NNTF REGULATNR IMLET PPESSURE : o
cevs - LEAVE ARFA FNP AT LEAST Tun MINUTES YC . - e ADXD3_AND_RYO3)_ . . . ¢ g ea e . '
ALLON SYSTEM T 7TNAME TN FULL PRESSURF - o . % g i |
.. . - . R o - y—t ER _‘\
eese  RECCPRN TUBE-TRAILFR SUPPLY PRFSSURF (PMOSY GAxX= pst g @ s |
{SHOULD RF 300 PSI MIN.) : » gg = .
- 2 o
Jprige= L S e . . GH2= PSS s ST
; 2y Lo
eeae  'OPEN' PMN30 FULLY L L ) - R SE >
‘ !
; wees  'CPEMY DM1O ANA DNL? v IF AMY RATTLE PRESSURF IS LESS THAN 1000 PSI E; = b ]
i s QEPLACE MITH MEW ROTTLE USING STANDARD PROCFMURES. :2
©eess YTPEMT PHLL TR 45 DEGREE_POSITION_(HALF APEM) _ | 1€ GH2 BOTTLE CHANGE IS_REQUIPED, CoNDUCT.THE . PG ER. :
‘ FOLLAWING PRACFDURE AFTEP GH2 AOTTLE IS IN PLACF
cee. PRECORD FONLING SYSTEM PRESSURFE (PM1S) : '
i PHL5= PsI : WITH NEW BOTTLES IM PLACE: o g
sees TP OPHNLIS IS MAT }5 . PSLy ADJUST FPAM PHST OM f e ese_. COMEIPM HYO5 AND.HYLT 'CLOSEDY . .. . - "
» TP NREOTEST SECTINM T - P {
f ee. CONFIRM VACUUM SOURCE COMMECTED TN HY22 E
ceve  CONFIOM NPEQATINN NF PN33 RY CYCLIMG VALVE WiTH ! .
PHIT AN VISUAL INSPECTINN AT TRATLER § eee  TUSN 'ONY VACUUM PUMP ®
LR TURM *ANY FLUR RNAF_VENT FANS 0 o ) o o oo TODENY WY22 .. . ) B e
ee. LEAVE VACUUM SOURCE OM FOR 2 MINUTFS :
we. 'CLOSE' HY22 - "
, =
- . ee» TUPN 'CEF' VACUUM PUMP .
9 ;
g
1
—
- i
~ B _ e A
\' ’
&

T WP I




13

4

8
|

b LTS e

PAGE 7 PAGE 8
10X10 SWT SPACE SHUTTLF (HECK LIST . N 10X10 SWT SPACE SHUTTLF CHECK LISTY
ECOPDN NEW POTTLE PPESSURES: ’ SEI up 1GNLIION GAS SYSTER
[ALL REGULATORS ARE PRE-SET: °'DN NNDT* ADJUST)
GNX= P51
) ) T T L . tangn £T02 AND P¥a7 - ROTTLE HWAND VALVES '
GH2= PSI . . .
eee. UFCPPD FYD3. AMD AX33 INLFY AND VERIFY OUTLFET
PROCEED WITH CHECK LISY PPESSURES. . . -
. J . . - e __ ETn301) ____Pst X33 _PST
eess CONFIPYM RFGULATAR NXN2 SFT TN MAX. NUTLEY PRFSSURE ! :
AND HYO3 SET TN 500 PS{ MIN, OUTLET PRESSURE ~ : FTO3 (0T _Ps1 NX33(0UT) e __PSsI
1]
eeee  COMFIRM SALENTID CONLING WATER sNne i
~
|
eees VERIFY SAN0L *CPENY o R e (. .. IBLET PRFSSURE TN BF 300 _PST_MINIMUM __ . a
eese  COMFIPM PNARSTFR PUMP DRIVE PRFSSURE -
SAD3. (NEAR PRRIDGF] SET UP IGM1IINM GAS RUEEER SYSIEY
P ) (EFGULATPR PRF-SFT T *N NAT®* ADJUST)
SAN3={ 1PSIG -
e e L eees_ 'DPENY PN5S1 - ANTILE HAMD VALVF
ceee “OPFUY SAI0 — PRESSURE SWITCH PUPGE H
~o vees RECORD PHNS2 IMULFT AND VERIFY QUTLET PRESSURE
wees  VEPIFY PNQO1 *OPENY - MITROGEN PURGF .
“ees CAMFIRM PRESSURF ON PN (GM? PURGE) - PRS2 {INY_________PSI PNS2UOUTY___ ___ __PS1
GAGE = 15C PSIG MINTMUM : . . R . _MINLET PRESSURE TN RE_200_PSI MINIMUM)
tes osse esee LOAD HIGH SPFEN FILM (PREPARS CAMERA AND
I0 SEX UL HIGH PPESSUZE GH2 BOTTLES CMOL AMD CHIL SCHLTEREN SYSTF% FNR RUK)
{ LSF GULNVES FAP THIS IPFRATINAN )
ves ccas saee INSTALL RARRICANES ON ALL FCUR STEPS
e SOPENS CMY2 AMND CM12 AND NOTE REGULATOR o o __ LEADING TN TUNNFL. TUPN *OFFYELEVATOR
INLET PRFSSURFE SWITCH AHE TAG NUT,
o e e PS1
tn13= - Psl EMD OF ACTIVIJIES OM I0F QE IESI SECTICN
{IF PRESSHUPE 1M SN2 POTTLFS IS LFSS THAM 3500 PSI, -0
CEPLACE WITH MEW ANDTTILF) =
. o
[ QFECOPN PYTLFT PRESSURES ©F REGULATNRS (CMNO3 AME IM13 g
. . = - - s
ctvn3 = _ PSSt CNYR =" _ os1, -
hd p B - .
SR . ' PR A R 1
- I .
SR

R




1L¥161 SHUT SpACT SHUTTLEF CHECY (157

PLGIMNING £F MUITIRLE AN TEOQUENLE

VERTFEY AMD PECARLTD £NO8 PPFSOIRE (AHND TIVEY=

MERECL SET—UP SHEFT AN QFLTSUST AS PENHTPFD )
ICLASEY oyng
APENY NS AN WYOS

VEHTEY PRESKUAFT AT NXOA AMD HYGC

ASSURE THAT €02 AND CHLI2 ARE CPFY

SCTIVITIFS In canipng 2acy
T SLX Up BHInY RRSASUNE COMIRR| CAS 5YSTEN 7

YERIFY AUTOVALVE TH SCLOSERY PaSITION, [F

AUTAVALVE 1S "NOT FLASED® ,SEE PRSFARPCH

EMAD, (THIEBRF IS A TET M THF YCLOSIMGY

CANTRAL L INF. DIENSTPEAR NF CHLS, A GH2

V-B0TTLE WITW PRESSUPE RTYGILATED TR ARCHT

500 P51 TN PF CPP.SCTER HEGE AND g
PRESSHET APPIIFA YNTIL AUTOVALVE CLASFS,)

COMPIPY L1 SHITOHES TO LEFT EXCFPT oM35 o
[N Mg SR EMay Y POWER (KEY SWITLH)

PREEMY CHLS TN SUOPLY 3000 PST AN2 TN
CL7GIHG VALCTD “ANEL FIPINS YALYE

VERITY EHLL TN2 PRFSSUPT AT CMIA L
MONEY SET—0 SHFEFT AN AF—ADJUST AS PEQUIRED )
CANEIRU 20 SUTTOHES YAFF Y O (AILSPAN FIPING
PANMFL. (DPNYE)
FHMERGITE CayMG PAREL ‘ _ ; ;

TEOYSHY Y MAYYAL PCILASE Y BUTTON 0N CIRIMG

PANFL ;
i

DE-FBHFAGIZE FIPING DARFL :
tCLNSEr il T o f
YEOIFY PEESCURE AT CN22 = (1)____________ ;
i
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PAGE 11 i PAGE 12 _
1OXEN SWT SPACFE SHUTTLE CHECK LIST : ' 10X10 SWT SPACF SHUTTLE CHFCK LIST -
ses ssee esee  VERIFY YTINC CONE' §S WOPKIAG - - : I0 SET UP GNZ CODLING SYSIEY
ces seee seee COPEMY SANA AND DXN3 [SANE SWITCH) . eee sess ssee COMFIRM OX-ET TRAMSDUCER ISOLATION VALVE }u:
: JYHIS ACTICN STIARYS IHE GOX PUMP) YCLOSEN?® .
St eeee se.. YOPENT SANA AND HYNQ (SAME SWITCH) ’ . T e s L . CONFIRM CALSPAN FIRING PAMEL 'OFFY ) I,
LTHIS ACTIOM SIARYS YHE CH2 PUMPY R N . .o . .
ees sess sees SNHUENNID POWER *NN' IN CONTROL ROOM H
MCHITOR HY13 AND OX12 AMD SHUY QFF PUMPS WHEN REQUIRED p . ek
: A cee esees ases COMEIPM C.A. T/C SCANNFR READOUT UMIY t0M?
et e e AN FY A} MT. TEMPERATURES . . . . - i
cees CFLECTRAMICS CHECY LIST Th RE COMPLETE T AND VERIEY AMRLENT. TENFERATURES T
RFFNRE PP NOWN STARTS ~ tes sese esees VERIFY TC~1 PEAROUT. eQn?
see wese eses  START TUNMFL PUMPNIKM - see wess ases 'OPENC PM1E ~ MITROGEN PANEL 1
vae sees seee CADDE SYSTEM '0ON' Trp RFCORD HT GAGE o ame eees.asss  VOPEMY PN24/2B, . AND . OX2B.<IGMITION PAMEL . _.. . _ s
2FSISTANCES AFTFR BEGIMMING PUMP DIWM . |
: - eee esee sees SFT REGULATOR PN37 TO ARAUT 10 PSI , |
cee eess seea CNMFIPY SCANIVALVFS HOMF ) NM GAUGE PN3R, ANJUST &S PEQUIRED TN KEEP
: MODFL T/C'S BETWEEN +40 F AND 4100 F
cee esee sese WHEN THF TUNNFL IS NOWN TD ABPUT 1000 PSFA, . R
o TAYE A DATA CALL_AMD_RECORD THE NUMRER _ . e e e e e+ e - - - .
1. v 7. v 3e ~ ey
COMTINUE WITH CHECK LIST
('\
cee cese ssee  NATIFY MUL TIPLEX PFNPLFE {PAX 6133) THAT PUN o . . —— - -
WILL START IN APODRAOYIMATELY TMF HOUR
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PAGE 13

10X10 SWT SPACE SHUYTLE CHECK LIST

JOMITION GAS SYSTEM CHECK OUT

POTE:  TUNMEL PUST RE PUMPER DPAWN TO 700 PSFA. REFDRE
NeEMG THES CHFC Y,
e eeee aeee TURM TONT CAUSPAN FIRING PAMEL ’ B
o ___ CONEIPM PN16, PN 24/2% SCLOSEN®
o ____ 'OPFNY MX—FET TPANSTULFD TSOLATLCN VALVE
CASHITCH LrCATED RELOW CALSPAM FIRING )
PANEL)
o ___ 'OpPERY £T05 AND NX35
feee avee TAPFMY X3P
e wene aeee CPMEIOWM AXSET TTANSOUCER PRESSUFF = veeeew PS.
ADJUST X AL VALYE AS QFQNIFFD
TN ORTATM THIS VALUF
{SEF SETUP SHEFT FNR COPRECT PRESSUPE)
e tees sees 'OPENY ETOR -
o meew ComeETr NX~FT TRAMKNUYCFR PRESSURE = .seeeea IS

ANIUST FT11 VALVE &S PEQUIPED
TN CRTATH THIS VALUF
{SFE SETYD SHEET FNP LAPPECT PPESSUPE)
vee.  PCLOF
ALF

e crad anp OY¥3As taLind ET16 AMP x40 10
LFED

B
ED DNWN TN TUMMEL STATIC)

ces e TCLNSFY FTNA ANMD X398

cees THURE TAEFY CALSPAN FIPING PANFL N
ceee 'CLASFY NX-ET TOAMSNUCE® ISOLATINN VALVE

en  TPEN PI16,PM24-23 AND N¥Y 19 TN

CONTINUE MONEL ARG

[MSHRE MANDEL BNGLE OF ATTACK 15 18PN

MAY MAW RS STARTED tftheshamt hhbkhhnhtny
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PAGF 14
10X10 SWT SPACF SHUTTLF CHECK ULIST
»
e eiee esee AS TUNMEL 1S CAMING OM TN COMDITINM, GO 10
SLHU TEREM SYSTEM AMD SIGHT- IM HIGH SPFED
HOYIFE CAMERA.
WEEN TURMEL IS O *CONDITIOM', PRCCEED WIIH MCDEL E£1R14G
PROCERUEE
i
¢
e+ esve ewes SET_MNNFL _TO_REDUIRFD_AMGLE OF _ATTACY. :
ee esee eee. CHECK GCMOP PRESSURE., IF PRFSSYPE HAS MAT ke
DPAPPED MORF THAM 300 PS1, *PPNCEED® -
16 peFesipe UAS NneAPPEN MARFE THAN 300 PSI
MOTIFY P.E. FOR NECTSTINN
e tiee eov  FASTEY CAMERA YONY AND WIPRAR TN POSITICH .
te eese eeee TJV. LIGHTS *AFF' FNR DATA RN :
ce ceee saee TEEMINATE ALL CONLIMG RY CLCSIEG PMLA
CTRILCW ... ... SFC)FRR GNZTD RUEEN DOWN
[N PSOM COr MG LINES REFNRE TAKING DATA
CALLY
e eeee eae. FCLOSE PN2A 7 PHIR
“e tene seee SET CTMEIGUPATINN PATS
e eene eewen CMECY AMPL [FIER GAINS
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10X10 SWT

TARJUST Ax4l nno ETLL (F REAUIPER

PAGE 15
SPACE SHUTTLE CHECK LIST

INPENMY OX-FT TPANSPYCER JSOLATICN VALVE
VERIFY PFAPINFSS 0OF ALL TUMNEL AND DATA
PECNONING SYSTFRMS

CNPENMY CN2O AMD ALELAW CHAMBER 'F' TN VENT
HSE £LM22 1M SFET PRESSHRE

{ SFE “ONEL SET UP SHFFY FCR PREFSSUPES )

FIRTNG PANMEL tnane

ANTAVALVE AR van® (FIRIMG PANEL)
ARY IGNITERS (FIRTHG DAMEL )

IGNTITINN
PANEL

VERIFY FTOQR ANA NX29 INPFHY ——

PAPEMY ETOS AMD NX3S TN FSTARLISH IGNMITION 7

GAS FLNW. :
FPNFIPY AX=£T TOANSOUCEP PEANS susses PSIA
SEF SETHP SHFET FPR DESYIRED PPFSSUPE

TCLNSFY NX—FT TRAMSDUCEP [SOLATINY VALVFE

CARFIBM SCANTVALVES *HOMES®
(TN PECARD PPF-(N

AHD RFCAREC MNP ER

TARE CARDE DATA rALL
HT FAGE PFSISTARNCFS)

FILTFR SWITCHFS M

PECNRD FIMAL VALUES OF CNQOAB,CMIR,CH22,HY13,
AN X130 MANEL CSET UP SHEET.

ANJHST AS CEMIIRFN WITH EMGIMIFP APPRNV AL
VERIFY FIRTING YOLTARES NK

WHFEH AMALOGR RFCOAPD NG TIME COUNTS DrWN TN

DEPPFESS IME 1GMITIOQM 2UTITION ON TWE
BANEL

15 TWEN
EIRING

.y

10%I0 SWT SPAGE SHUTTLE CHECK LISTY

ease easse eoee

seece secae

esase asse

ceese save

sese. vess ssas.

PAGE 16

ACTIVATE CM19 JUMPER PERMISSIVE SWITCH

WITHIMN ONF MINMUTE AFTER CIGNITIOM® PUTTOMN IS
NEPPFSSFN. COMTIMUFE COOLING BY OPENING PN16
(MIYRNGEN PANEL) AMD PN24/28 (1C GAS PANEL) .

*CLOSEY ETOS ANDO 0OX35

CONFIPM PN24/2R 'CLOSED?

CYCLE __FIRING PANMEL °*0OFF*, THEM BACK *ON*

PUSH PMNS3/5S5 BUTTNN AND ALLOW ETOT AMD
ax27 ¥0 SETTLF QYT 1O PURGE PPESSURE

iy TIGHITION GAS PANEL)

se e seer veea

ese wess ecoca

e me mame . seea.

" ee eseee eseane

aas sees sassee

aAas 2238 a2asa

AFTEP ETOT.AND . 0OX 37.HAVE SEYTLED OUT 10
THMNFL STATIC, PYSH PMS3/55 RUTTNN AGAIN
TO PECYCLE PURGE

ar CALSPAN FIRPIMG PANEL
{SAFF)

TURN POWER '0OFF
ANN VFRIFY ARYM SWITCHES DOWM

rCLASEr ET08

*OPFM' PM24/28 FOR APDITIOMAL CONLING FLOW

C.VERIFY .OX3B.'CPEM* —— IGHNITICN PANEL
FILTFR SWITCHES NPUT

CAnFIeM SCANIVALVES *HOME!

TAKE DATA CALL AND RECOPD. NUMBEP

20 ol v 3.

RETURM MONEL T ZERN NDEGREES ANGLE OF
ATTACK (STRUT ANGLE - 3 DFGREFS)

TUNNEL SHUICOWN PROCEDURE MAY RE IMLIIATED
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PAGF 17 PAGE 18 .
| 1OX10 SHY SPACF SHUTTLE CHFCK LIST ) - LOXI0 SWT SPACE SHUTTLE CHFCK LIST o
AR T T e e e — | IuE EOLLOWING STEPS ILL BELLEVE THE HIGH
i . . . .
PRESSUPE CONIBOL CN2 PRESSUPE: - :
POSI RUN PPOCECURE ' £
T T I e e T U T TieuRsEY ROTILE WMAND VALVES CchoZ AND cN1Z ]
(THIS PRNCADURE MAY BE INITIATED NURING TUMMEL - ' CHO3=________PST CM13=________PSI X .
SHUTDOW ) o : o . T T ,
. - y ses sees sees VERIFY CMDS AND CN15 *CLOSED® g
- MNTE: THE MPOEL. GEZ _AND GNX CHAPGE THUBES MUST BE___ e - _ v
PHRGEN AMD THE HIGH PRESSURE COMTROL GM2 » cee eess eee. 'OPFN' (NE-ENERGIZF) CNODT o
PRESSURE MUST RE RELIEVED PRICP TO o~ ‘ . , :
NPFMTNG TUNNEL TEST SECTIOM, eee eees eeee CMPENT CN21 AT LEAST TWD FULL TUPNS i
{1F REQUIRED)
THE FOLLNAWIMNG STEPS WILL. PURGE_THF MODEL . __. . _ .. _. o eteieee+ wese__PUSH CN20_ (EMERGIZE)_ AND_HOLT DPEN_UMTIL. ... __ . Lo
CHARGE TURFS: . . PRESSURF AT LN22 GNES TN ZERN
: S tes sees seee 'OPENY CN21 OMF QUARTER (1/74) TURN -
cee wese saes  PURGE GH2 VEMT STACK 3 -5 SEC, BY QOPEMIMG c AT . . (IF RFQUIREN)
PN4L —= COPLIMNS GONTRAL PAMEL : ‘ v
v ) e e e e e e o . eee_saee eees MPENC' (DE-ENFRGIZF) CNIT_ . . . . ...
i eh eiee eses VENT GHP? AND GNX CHARGE TURES BY NPFMING , ;
o AX11 AMN HYLL ) v U vee eeee aeee HHFN PRESSUPF AT CNQAR, (MN1B, AMD C*22 HAVE o
> co STARILIZED AT ATMCSPHEPIf PPESSURE, '
~~~=PURGES CYCLE BEGINS HERE--=~ 1 YCLPSE' CNOT AND CN17. .
|
cet eeme eewe_ WHFN POESSURS AT. HYL3 AND OX13 STABILIZES . _ _ _ T, . ) L ;
NEAR ZFRN PRESSURE, 'CLNSE® NX11 ANC HYL1 ! tee eees seee SHUT *OFF? MANEL CNNLIMG (PNlbe PM24/28) i
WHENM TUNNEL IS DOWN IO M = 2,5
s et sese sses FAPENTY PNNG (N2 PAMEL ) AND PMO4 (H2 PAMFL) t
T PPESSURIZF CHARGF TURES WITH GN2 . o
wee wees ewee  WHEM OX13 AND HYL3 STABILIZE AT GN2_PURGE . e e ‘
v SYSTE PRESSURE (150 PSI} 'CLOSE' PMOA >0
g {GNX PAMFL) AMD PNN4 (GH2 PAMEL) ’13?;
et eeee eees 'OPEMY OXD] AND HYLL TA VENT MIXTURF LH - 8%’ ;
H CHARGE TIJ3FS : S
PEPEAT THIS PIRAF CYLLF THRFE TIMES “INTNMUM FOR 8 ) - N
COMPLETE MORFL PURGS g =
Q o
= o
cee cvee esse  FOLLPWING PURGE, YCLASES OX11 AND HYL1 WHEN B - R o i
PRESSUPE AT HYL3 AN NX13 HAS STABILIZED AT —
: NF AP ATMNSPHE® [C PRESSUDE
~ N
wad

[T S




‘ ) ' PAGF 19 . PAGE 20 .
1OX10 SWT SPACF SHUTTLE CHECK LIST ‘ ' 1OX10 SWT SPACE SHUTTLE CHECK LIST

P ' N ’ ’ I T ' _ B L L L L LT T T T e
WHEN TUMMEL SHUTNCWM 15 COMPLETED ' '

» SYSTEM SHUT NCHN

cse sese eeve COHNFIPH SCANIVALVES 'HOME®

: R T L L L L LTI T
L eee sese eses. TAKE DATA CALL AND _RECNPD MUMBER ‘ ’

S GP 10 TNP NF TFST SFEYION AND NOTE BOTTLE

1. v 7. ey B R _ _PRESSURF OF FACH SYSTEM _ .
see tess eees CONEIRM ALL ARROWS TO LFFT FXCEPT ©N35 SWITCH L —m= 60X =4 i40eee«PSTINAO3)  GHZ =..000eePSTIHYO3)
AND NX0S AMD HYOS : ‘
S e 777 T T T THE any cOx OF GH2 BNTTLE 1S BELOW 1004 PST, -
eae eeee eese INITIATE TUMMEL VENT FANS FOP & MINITES LEAVE "RNFRS FOR FIRSY SHIFT 10 REPLACE AS
AEFGRF ALLNWING 'FNTRY INTD TEST SECTIOM, PEOLIREN
(PYRGE NF TUMNEL AFTER SALID PUCKFT FIRING ‘ ) , , _
RENQUIRAFS THREE MIN, NF. TUNMNEL CNNLING.) ~ e 112 TeeeeaaeaPSTICND3) BGMZ =.ceeeessPSI{CNLI)
. SR S U S . R e e \DPENING SYSTRMY_  {CLOSING SYSTEMY
eee suee saes POWER IAFFS TN ALL SNLENDIDS.
~

_ : . TF ANY GNM2 ROTTLF 1S RELOW 3500 PSI, LFAVE
ees evee sves  NBTAIN APPROVAL T FNTER TEST SECTINM PRNERS FNP FERST SHIFT TN PEPLACE AS REQUIRFD
3 AFTER TUNNEL SHUTDOWM . ‘

e wese eee.  PERMISSIVE KEYS FOR 'PIPING PANFL®, AMD —~— CHECK NX31_AND ETOL _POYTLES . .
SOLFMATA MASTFO KEY ANT TUMMEL nnnR T REDLAFFE IF BFLAW 200 PSI ’
o SHAFTIMNG KFY 1M PNSSESION CF MECHANIC ~ ) o
o COMPLETING CHECK LIST T T e '
L . o , ——— CHECK GN2 ROTTILF(ONSC)
tee seee ewee. VISHALLY INSPECT CANDITIOM DF MPDEL AMD o REPLACE IF BELNW 290 PSI
INSTPUMENTATION FRNY PREVIGUS PUN: (MOTE
IRRFGULAR TTIES ON RUNM LNAR) T ST ST S S e - o T
ceees 'CLOSE® ALL AOTTLE SHUT-NFF VALVFS (OX02, HY0?,
eae cens eees REMOVE SPENT IGNITERS ANMD BSPM PROPFLLANT cMD2, CM1L2, NX32, FET02, AMD PHNS1)
HOLPER [NSERT ASSEMRLIFS D
wees. VEMT ALL BNTTLE RFGULATNR-FILTER SECTIOMS RY
[ ees seesisees RBEFNRPRLISH MONEL AND SEY UP BMADFL B e - .. NPENING HAMN_ALEFD VALVES 0OX17, HY17, CM30, .
:» COMFIGURATIONS FNS BEXT RUN ISFE MCODEL - T ' CM21, FTP4, DX34, AND DNS4
g SET-UP SHFFT) IF ANOTHER PUN IS PLAMNED
FOR THIS MIGHT, CONTINUF ON PAGF 9 FOR weee. RLEED PUNMP SECTIOMS RY NPENING HAMD BLEFD
NEXT RUM, IF THIS WAS THE TINAL RUN NF ’ N VALVES NX20 AND HY20
THE " IGHT y PRACERED WITH SHUTNMWM i
. B} B R weeee *CLNSE® SALO (POFSSURE SWITCH PURGED . _._ R :
veees TUPH tONT SALENOLID PARER z
ceves WHEN OX06 AMN HYQA SHOW ATMOSPHERIC PRFSSUPE :
ILNSEY NX0S AND HYOS =
veee. TURN ATEY SOLENNTD POWER i g
&
weee. CUNSEY RLFFD VALVES 0X1T7. HYL7, CMIN, CM3L, 3
FT04, X34, OX20, HY20, AND PNS54 WHEN SECTION
- HAS RLEN ABWN
il T e ’

P
|
|




PAGF 21

1OX10 SWT SPAGCF SHUTTLE CHECK LIST

'CLOSE® HAND VALVE PM3IO AT TURE TPAILFP

tCUNSF!' PNLN, PMEL, AND PM12

BLFFD. PFFSSURE 1M _LINE RY. OPENING FMOR

sesss "CLOSFY PNNB WHEM PMOG INDICATES ATMASPHER|C
PRESSRE
ceess CCLASEY PN2IL AY DE—-ENFRGIZING PN35 FRAM

i L. L EnNTRNL PODM e . s S
SHUT T'rfFFY carrny SYSTFM
[KEY SWITCH 4 £ONTROL PNNW)

VERTFY FLECTRONICS SHUTDOWN CNMPLETE
IGNITERS AND PROPELLANT TO .
TOATLEP

PETURN ALL UJNUSED
EXPLASIVES STNRAGF

R L L L L e A A O A SN S iy
R R T BT A S PR AU VAN
ARG S kR ek f o I L e
~d ot B fe Attt At K BETA IR ES RSN A A A
Mo skope g ke e A o AP S E2 3222322223232
B A e A Rt e e b a s TP TP T PR TS TP PP e

FHAR A A Ay A ####P#*ﬁtﬁ##tﬁt&#***tta*ﬂtt**‘*tt***i#”#*ﬁ*

END OFE.PAST PUN PPRNCEDYRF
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° PAGE 22

: 10X10 SWT SPACE SHUTTLE CHECK LIST

FRUANA P Yl A e M R R I UNF ASA LS AL AP I A b h s b AR SR T A&
(22 E3 802 IS ET SRS LSRR 8.2 2 2 2R3 202323 ARSIl SRSt R S
H L H L R AERREARE AR AN EEARKEC RSV RSRA A S H RS I SRS RR
BBt AU KA AR R ER B RE EE R AN RC IR ARG AA AT LA R LA RN G XA &
LA EDARAUARLE AR C R RN RS R E AR R AN RN A RS bk pthh gt R Ak oy &
tt**#t&ttt&tﬁ*ti*tttﬁqtm’t*t#tttttvttntnthntttt*ttntt*iottt
PR YRV SRR ARG AU AR E AR GL AL RSN E et Ak b KRR AN

i A g f A VAR A BRI SRR RS AR IR T R AT SN R LR AR r N AR RGN AT A Ak
i BRI T Y T R Y L R S TR A T Y TP PR TR RSTR T E T 2L
HAAI Pl ARG AAS LA RASH AN A ARG R ARSI SR A AL R IER SRR AR ARR AN H
LA A e L R e A R Y LA A s LR e A s ed
B AT AN DR RER A G AT R LA AR RGEA AR A RIS SRR E AR AR AL RS A A kR
BARUE L AR I ARk E A AR RSN AR A AR IS A A AR AC RS E G
PR T R e R R R e Y I R R T T Ry 2
B I T R L Y P T T e e e T e TR S Ry e
B G IA L bR r b kYA EL AFRE LAY R LI A bttt Akt Ak bt Ao b
e PRAE R LR AN UM ERIEREL AL R R RRAR AL R AL S AP A AR AN A A S S SRR F AR S
P R e T R s R T LT T T s T e
BBUL I F AN T R AR RL P UL AR FE LS St bk kb bbb AT AR RS S e Ot r kR
HENS It GG A RO AE RO ATE SAR SR AT L AA SR AR SRR L AL I IR STk Nt

U KIMERA RO B AN AR AL E RS R F F RN AR A ARG RN E S AAE R B KA AR SN KR &
AT ARG IR KA RS T L CF G EREA LR ET RS A R LS C R ARt R F SISO &
Ao g T A b kS _EERATIURAN EARSALES Y
t**&t*kt*#&£¥*##0 xkrh bbbk ket k
LG XuBAS PR ah AR SR EE AT LIRS RS &S
R Y R ek a] P S T e e

EE SRR TR R L E PO 7R (S22 2223222 EE )
AR L L e T Py S e T R SRR S P RS Tt
EEZE LR ES R RS RIS SR S22 A0S ARSI AR R et Rl st l Al
'rtt***t*t#t*#ﬁfﬁ##tt*ﬁtt&ttt#ttttkttt*#tttﬁ*#*ﬁﬁttittﬁtt (3]
B h A et R A Y R AR RS RGN AR A AT ARG LA TS EE NG AR A RN A LA AN
ARRE R AT G AR RER T G R A EF AR A AE KA I ARSI AR O R A AT AR kA RSk bk kS
R R R R e I R P R e T TR R Y

B kLI Rt IS L L T2 R P R R S e s

ARNRT PRNCEDURES

Gt AR E AT E AR bk R ARtk
Rt T e R N S R S e T R P e Y I T P R R S
S T T Ry e P %
B AR A U AA AT LR AR ER L LR L h R AL LR FEEN N EA I I L AN E AR LA AR L LT h LN RS
AU AL B AR R F AR AT L AL I A NP A kL AN S A AR AR AR LA IR SR TR S
AU BN AL AR AR AR L RS AR RIS E T A EIARRRAL AR O R AS L A A AT ATttt
A A A A RN IR R REH AR A CE T AN BRI AN GO R SRR NSO L L OO ¥
At A R R R AR AR AR A AR A IR RSN ERLARNE R AR AR AS SR A
ER R AT R I R AT I A S A2 ST RATE R AL S A3 2Tt 2a il s bi
ARG R A EARI R X RN T A E AR S ARE T AR AT E RN A A ARSI R LR AR ISR SRS A
. PR PR R TR P ST TR T I LT RIILLEELLE ISR S A2 R LRSS RS 222 S ]
' I I g R R P T L R R LIRS LSS 22222 e i S AL S AT RIS 222 2t
R EEY IR AARALA L LR R SRR AAF L EN R LA G LT N R B RS TR R LRGP S RATEEE
R AL LR AN A AP AT ARG AR A AL R A PN CE A BAC LR AR N IAN RS T AN AR e b
Fd RAERE KL ARG A RA LS CH AR AR R EREC R Utttk e d gk
PE AP A BT AH TR R G R A E AN EE R AR ARG ARG TR A AR A AR UG T e Ak e AN RS
R L e R I A R R s I R e T R R S R R R R ALt ad

I o
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PAGF <3

LOX1A SWT SPACE SHUTTILF CHECK L IST

AT G S O RE R TP R TR ER AL AT RIS Sl AR LEA T EE AR h it & &
LA el i F I E I R RS I A s R T S R R R e T R 7
e e T R e TS P N P R A e R eI Y
e 2 R P E Y R e e L S EAERR IR AL TR SO BRI
A rEL ATk EARSL SRR R A, FEEERF LR LR EGRIRYIH S Y
e 2 2 e L e T R RS #ftrﬁtr‘ﬁt#*&*tfﬁﬁﬁtﬁt
FE R bR AR LB RO LAY AN LA RN L L L E GAS T L E AL L A AR EA S h bk bbb
LR L P AR I EEEN IR LE I A I E SIS R L AIRADIFIEZ AL R A O b Sh ot i
B S R A e e A L R R 2 S e S R T T Y e TR ]

4RCRT N0, 1

LIE & MALEUNCTION DCCUES PPIOP I0 LEAVING TESI SECILICH BBEAs
Uas THF $CLLNYING PONCECLPES:

PEPOYE TUyMMEL
TeypLrs

pNNA SENRTING KFY, CLOSF NFF ALL GAS
AMD_YFEMT ALL DELIVFRY LINES TO ATMNSPHESF

LAY JF THIS ACTIOY CAUSFS MIGHTYS NPEPATION TP PE
AANETIEN, @FMOVF IGHNITFRS AMND RSRM PPOPELLAMT
HOLLEPS AMD AFTysN ALL UPUSED [SMITFPS ANND
. PUODEL LANT TR EYPLNSIVE TPAILEP 5TOPACE,
() [F PUM IS T RF CONTIMUFT, RFTUPM TA FIPST STEP NF
TORE-BUN CHECH [ 15T AND VFPIEY CA¥PLFTION RF ALL
SIFPS
E
P . . \
> >

10¥Y10 SWT SPACE SHUTTLF CHECK LIST
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LrayInuG IHE TESJ SECIIOA
YEIREY PUTTOH, USE THF

TIE A BalEuibcIiON PLCUBS AFIERS
ARFA AMD POIOE TN PYUSHING THE
FOLLOWING PROACEDURF:

VERIFY ¥NPEL _CONLING *ont

VERTFY ETOS AND PX35 rLOSER?

. VEPIFY FIPING PANEL PDWFR "PFFY

e 1F TUNNFL SNTRY IS PFEQUIPED AND TUMHNFL HAS RFFY .

STAOTEN, THF STAMDAPA THNMEL SHUT-LOWH
PPOCERYPE »AY 8F IMITIATFLG

PRPACFED WITH
POTMT QYN PAGE
10 FMTFR TFST

*PRST oyl PPNCFRUPE® ON PAGL 17 TO
19 % NBTAINING PEDYISSIVE KFYS
SECTION

CAJSFS HMIGHT 'S NPEPATICH TN BF
IGHITFRS AT RSPM PROPELLAMT
*PNST gUr PANCENUPE®,

(&) 1F THIS aLtIon
ARFIDTE G, AFWAVE

HOLEER S AND SONTINUE WITH

CouTUHUED, RETIPK TR FinsST STEF nE
VEPIFY COMPLETINN NF ALL

(7Y [F 20 1S Tr OAF

YRPRE-PUN CHFCK [T STY AMD
STEPS
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1OXIN SWT SPACF SHUTTLE CHECK LIST
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1F PUSHING IHE 3E[RE! AyIich CAUSES MO BPESPOMSE IN IHE
MOPEL,, REQUEST AN FLFCTRICAL SYSTEM CHECK RY FLECYRICAL
FMGIMNEER AND *CLNSF® ETQS AND NX35, AFTER SYSTEM CHFCK
IS5 CONPLETF, GN TN PAGF 15 TN STEP WHFRE FTNS AMD NX35
AF F NPENFEN TO ESTABLISH IGNITEINN GAS FLOW. IF NO
RESPANSE IS TNDICATED @GAINy PROCEED~HITH CHECK L]ST
FXCEPT WHEN TUNMEL SHIT-DNOWN IS FOMPLETE, TUNMEL VENT
FAMS T0 BE LEFY ON FPR (ONE HNUR REFOPF ALLOWING ENTRY
INTP TEST SECTINN,

PERSGMMEL ENTERING THE TUMNEL SHALL NDON PLASTIC FAGE ,
SHIFLD, PROGFFN TN THE FRNNT 0OF THF MANEL AMD DISASSEMALF
PAPTS TN EXPASE THF IGNITER WIRE LFADS. THF IGNITINN
WFFES ARF TN RE NISCOMMNECTEN AFTER SHNRY CIRCUITING THE
APINGF WIRE AY [NSTALLING A GLAMP OM THE IGMITER WIRES,
THE TGNITEP SHALL PE REMAVED AND PLACED INTC A BUCKET
OF WATFR,

THE MALFUMCTIONED TGNITFRS SHALL 8F NISPOSED OF PFR
PECCFIYRES SET FAPTH IN CALSPAN ARPD-75-001.

CREwNYE RSP PRAPELUANT HFLNERS AMP RETIRN. T0 TEMPNRARY

STORAGFE APEA.

(A) IF THIS ACTTION CAUSES NIGHT'S NPERATIPN TN AF
ABNPTEN, CONTINMUF WITH *PNST_RUN PROCENUPF!

(r} [F mUM IS TN BF CONTIMUFD, RETURN Tr FIRST STEP NF
TPRE—PUM CHFFK LISTY AND VFBIFY COMPLETINN NF ALL
STFPS
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10XED SWT SPACF SHUTTLF CHECK LIST
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1f OKE CP IW0O QF IME IGNITEPS EAIL I0 IGNIJE. THE EUN IS
ACOPTED. PRNOCEED WITH CHECK LIST EXCEPT WHEN TUMMEL
SHUT-POWN TS CNMPLETF, TUNNEL VENT FANS TN RE LEFT 0N
FCR OME HOUR BEFORE ALLCWING ENTRY INTD TESY SECTIDN.

e ~TEST SECTION._ENTRY. PROCEDURES. WILL BE_THE SAME_AS_FOR. ... . ..

TrALLY

ABNET ND.3

[CNITERS INCLUDING UNFIPED ONES WILL BE PEMCVED
{AS PEFR ARDRT Nf,3) AND OLACFEFD INTP A BUCKFT NF WATER
ANMD DISPOSED OF_AS PER _ABORT_NDL3a.. ...

PENOVE UNFIFED RSRM PRNPELLANT HOLDERS AND PETURN TO
TEMPDORARY STORAGE AREA.

(A} IF THIS ACTINN CAUSES MIGHT'S OPERATION TN 8E
ABCRTED, CONTINUE WITH ¢POST PUN PROCFDURE®

IS TC BE CCNTIMUED., PETUPN TC FIRST STEP QOF
AND VFRIFY COMPLETION CF ALL

{B) IF RUM
*PRE—RUN CHFCK LIST®
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