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Vt 523 AFRPL- TR-68-92

LIQUID PROG7"tfiAANT EXPIOSIVE HAZARDS

Volume 2

TEST DATA

Foreword

This is Volume 2 of a 3 volume report which presents the results from Pro-

ject PYRO, a NASA/USAF liquid propellant explosive hazards program which was con-

ducted at the Air Force Rocket Propulsion Laboratory (AFRPL). The objective of

this program was to develop a reliable philosophy for predicting the credible

"damage potential which may be experienced from the accidental explosion of liquid

propellants during the launch or test operation of military missiles or space

vehicles.

k Presented in this volume is the tabulated blast, thermal and fragmentation

A"__ data from this program. Volume 1 of this report is the comprehensive technical

documentary report on thea tire program and Volume 3 presents a generalized

method for predicting the blA,6r euvironment resulting from liquid propellant ex-

ssa plosions.
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Section 1

BLAST DATA

The blast data from all the valid tests conducted during Project PYRO are

presented in this section of the report.

The tests are organized as to propellant type and then test condition as

follows:

Group 1 - Hypergolic High-Velocity-Impact Tests

Group 2 - Hypergolic (AFRPL) Tests

Group 3 - LO 2/RP-i Confinement-by-the-Missile Tests

Group 4 - LO2 /RP-1 Confinement-by-the-Ground-Surface Vertical Tests

Group 5 - LO 0/RP-l Confinement-by-the-Ground-Surface Horizontal Tests

Group 6 - LO 2/RP-i High-Velocity-Impact Tests

Group 7 - L0 2 /LH 2 Confinement-.by-the-Missile Tests

Group 8 - LO /LH Confinement-by-the-Ground-Surface Vertical Tests
2 2

Group 9 - LO /LH Confinement-by-the-Ground-Surface Horizontal Tests
2 2

Group 0 - LO2/LH 2 Special Tests

Group 11 - LO /LH2 and LO /RP-l Combined Special Tests
2 2 2

Group 12 - Close-in Blast Data

At the beginning of each group a suymmiary page has been inserted. This sum-

mary includes pertinent information about the tests including: length-to-diameter

ratio (L/D); diaphragm opening diameter to tank diameter ratio (D/DG; propel-

lant weight; terminal yield; ignition time; velocity range; and propellant orien-

tation. The data are presented in the same order as on the summary sheet.

Brief explanations for the various terms which are used in the tables and

figures to follow are presented below. For a more complete description, refer

to Volume I of the report.

1-1
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Test Conditions

a High-Velocity-Impacz- tests i.n which the propellant tank was propelled
along a horizontal track by a solid-fuel rocket and allowed to impact on
a target.

* Explosive Donor - tests in which an explosive was used to aid the mixing
"of the propellant combination.

Pt * Confinement-by-the-Missile (CBM) - tests in which a diaphragm between
a fuel and oxidizer tanks was ruptured, and all mixing took place within

the propellant tank.

0,Confinement-by-the-Ground-Surface (CBGS) - tests in which the spread and
",.A mixing of the propellant combination occurs on the surface of the ground.
J/•W Two categoi-ies within this mode were examined in the course of the pro-

ject. They were:

a. Vertical (V), in which both oxidizer and fuel were released at near-
ly the same time and velocity.

"b, Horizontal (H), in which oxidizer and fuel are released at different
times and, velocities.

Velocity Range

Refers to the impact velocity of both propellants in the vertical tests and

the top propellant in the horizontal tests from the CBGS test series. Values

"given are theoretical values computed from the drop height of the test tank.

(The height in most caseý. was measured from the diaphragm on the upper propellant

compartment to the ground surface.) The velocity ranges used were as follows:

. Low Drop - 23 ft/sec

"Medium Drop - 44 ft/sec
I,

"High Drop - 78 ft/sec

I High Velocity Impact - 600 ft/sec

The bottom propellant in the horizontal tests was always dropped from .e lowest

practical height resulting in an impact velocity of -12 ft/sec.

JL
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Propellant Orientation

Two orientations were used, normal and reversed, with normal being the ori-

entation commonly used in present vehicle systems (i.e., for the LOQ2/RP-l propel-

"lant combination LO was in the top tank compartment and RP-l in the bottom; for
2

the LO /2H 2 propellant combinations LH2 was in the top compartment and LO2 in the

bottom).

D /D

The ratio of the opening in the tank diaphragm to the tank diameter.

L/D

The length-to-diameter ratio of the propellant masses.

Station Number

These numbers are coded to indicate the type of measurement (first digit),

the gauge line (second digit), and nominal distance (third digit). The key is

as follows:

FIRST DIGIT SECOND DIGIT THIRD DIGIT
,.(TYPE OF MEASUREMENT) (GAUGE LINE) (NOMINAL DISTANCE)

S. (deg) (ft)

SI - Side-on Pressure 1 - 299 5 - 23

2 - Stagnation Pressure 2 - 59 6 - 37
3 - 179 7- 67

4 - 30 8 - 117

5 -60 9- 200

S• **V6 - 90 0 -335

7 - 180 1 - 600

Designated by compass heading measured from ground zero (AFRPL test site).

SDesignated in degrees azimuth from sled track (Naval Weapons Center test site),

1-3
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Trace Characteris tics

Each of the data traces received during this program hia been categorized

as to shape and baseline characteristics using the categories given below. Tra-

cings of actual analog records illustrating each characteristic shape are given

in Figs. 1-1 through 1-6.

TRACE CHARACTERISTICS

Shape

Type 1 - Classical. This trace shows a vertical rise to maximum pressure,
followed by a modif.ed exponential decay. For pressure--time measurements

4M. •taken at a relatively large distance from the source of the shock, the de-
cay will be a fair approximation to a straight line, as shown.

lTyype 2 - Noisy. The type of noise indicated here occurs simultaneously on

a number of traces, and appears due to a fauilt which is common to a number

of gauge systems. It cannot be differentiated from '"ipc 3 without reference
-_,_ to other traces in the run in question.

S9Type 3 - Noisy. This type of noise occurs only on a single trace, with no
observable correlation with other traces. It -ay reflect real blast phen-

S.OlMena, or a fault unique to the individual gauge system, but in either case,
pr'events completely satisfactory comparison with classical traces.

Type 4 - Multiple Peaks. Clearly differentiable from each other in time.

Type 5 - Flattened Peak. In this type of trace, the exponential decay of
W the classical trace is delayed for some time after the peak is reached.

Type 6 - Off-Band Edge. If the peak overpressure exceeds the capability of
a given gauge system, an abrupt limiting action results, chopping off that

part of the peak which exceeds system capabilities.

a Type 7 - Spiky Peaks. These are narrow, sharp peaks which may occur in nul-
tiples, and often are the result of the pressure transducer's being inside
the explosion region.

Type 8 - Humped Trace. In this type of trace, after the "instantaneous"
rise caused by the initial shock, pressure continues to rise more or less
linearly with time to some higher value before decaying.

Type 9 - Rounded Peak. Here there is no sharp break with the vertical rise
Joe __given by the initial shock, but maximum pressure is not reached instantan-

eously, and as a result, the peak may be missed by an unknown factor.

1-4
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Type 10 - Step in Pressure Rise. This may be caused by a secondary peak

about to "catch up" to a primary peak, or by some flaw in the gauge mount-
ing. In the latter case, pressure measurements may be thrown seriously in
doubt.

Type 11 - Poor Rise Time. The relatively slow pressure rise may cause the
gauge to miss the peak.

Type 12 - Overshoot. This characteristic may reflect either a real condi-
tion or a gauge malfunction. Examination of other traces in the same run
may indicate which, but the magnitude of uncertainty with respect to pres-
sure is greater when overshoot is evident than when it is not,.

Baseline

The three baseline characteristics are:

Type 1 - Flat and essentially noise free

Type 2 - Noisy

"f Type 3 - Drift

Many of these nharacteristics, both "Baseline" and "Trace," may combine in

any one trace. Where this is so, multiple type numbers have been given to show

this fact. Type numbers in parentheses indicate an effect that is observable,

but apparently of secondary significance. It may be difficult to separate "Base-

line" and "Trace" characteristics in certain cases, in which case the characteris-

tic (e.g., "Noise") may be assigned to both.

Remarks

In the course of assembling the data bank, it was found necessary to explain

some characteristics of these data in more detail. Accordingly, the following

table of remarks was established, with numbers in the "Remarks" section of the

data bank corresponding to the numbers below:

1. Calibration drift.

2. Suspiciously weak compared to other traces, indicating an unknown degree
of attenuation of the signal possibly caused by incorrect amplifier gain
setting or miscalibration of the gauge system. This remark was added
in cases where the station showed half of the yield or less of its neigh-
bors, both in the same gauge line and at the same nominal distances.

1-5
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* 3. Cycling - a large amplitude sixty-cycle noise superimposed on the
trace.

4. 13 percent subtracted from callibration pressure as a result of change
in gauge calibration.

S'5. Breaks into oscillation at shock arrival.

6. Baseline drift tends to increase impulse.

7. Baseline drift tends to decrease impulse.

8. Bad timing.

9. No trace or no deflection.

, 10. Bad or questionable calibration.

1•1 . Questionable input data.

12. Highest of multiple peaks calculated.

13. Trace arrives significantly earlier than others at the same nominal

distance.

14. Trace arrives significantly later than others at the same nominal dis-
tance.

15. Deflection too small to measure accurately.

16. Questionable return to zero due to length of trace.

Percent Yield

All yield values are expressed relative to a hemispherical charge of TNT on

" the ground surface. The curve given in Ref. 1 was used for peak overpressure and

that in Ref. 2 for positive-phase impulse.

b -• I Lnition Time

"nI,• CBM Tests- the measured time from ignition of the charge which activates

the diaphragm break mechenism to detonation (obtained from the motion picture

films).

:CBOS Vertical Flow Condition- the measured time from impact of the fluid

A .on the ground surface to detonation.

1-6
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CBGS Horizontal Flow Condition- the measured time from impact of first
: • ~fluid to impact of second fluid, and the measured time from. impact of the second .

"fluid on the ground surface to detonation.

y--.
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GROUP 1

HYPERGOLIC HIGH-VELOCITY-IMPACT TESTS

PROPELLANT TERMINAL
WEIGHT VELOCITY YIELD

TYPE NO.(lb) M%

340 007 5

200 570 001 13

Flat 566 068 15
Wall 410 073 21

1000 570 012 15

585 072 23

Shallow 200 575 002 53
Hole

340 008 38

575 003 24
200

Deep 500 009 56
Hole 555 069 37

570 013 28

557 074 34

Parallel 340 004 33

Wall 340 010 21

S" ~1-1I5
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URS 652-35 AFRPL-TR-68-92

N 0 /50-50 HYPERGOLIC HIGH VELOCITY
2 4

Flat Wall

TEST NO. 007 PROPELLANT WT. -. f0LL...LB

TRACE
STATION PRESSURE IMPULSE CHARACTERISTICS

REMARKS
MER-,.-PSI YIELD PSI-MSEC % YIELD SHAPE BASELINE

S_45 7.8 2,2 Nodata _ 1(12) 1"U 1i5 6 9 2.0 11 6.0 12, 5 2

1 46 2.9 2.0 15- _8 j. 5
156 No data No dALt_ 4_ _

S147 1-7 3-7 7-3 6.3 1- _
: .. 157 No e'Au•yp No Puf ...

148 1.1 6. 5.2 7.2 8 1
158 No gauge No gauge _. 9

149 •,

"1-16
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URS 652-35 AFRPL-TR-68-92

"N204 /50-50 HYPERGOLIC HIGH VELOCITY

Flat Wall

TEST NO. 001 PROPELLANT WT. 20---_.0 LB

PRESSRE IMULSETRACE

STATION PRESSURE IMPULSE CHARACTERISTICS
NUMBER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

145 14.9 7,8 43,5 24 5 7 1
155 -- - - - 4 1

.146 7.6 13. 2213 972(12 5) 1
156 -8.2 12 22.0 1.6 12 1(3)

147 9
157 9

148 9
158 _____ _ _ _ _ ____ ____ _ _ _ _9

149 9
159 [

TEST NO. 068 PROPELLANT WT. 200 LB

o• PRES SURE IMPULSETRC
STATION CHARACTERISTICS REMARKS
NUMBER

PFI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

145 18.5 6.8 60.2 35 10,12(4) 1

165 - - - - - 9
A 175 - - - - - 9

146 8.8 12 32.9 25 12 1
166 4.8 6.6 21.8 15 12 1
176 - - - - - - 9
147 28 12 1392 15 .12 1

"167 2.3 7.9 12,4 14 12 1
.. " 177 4.6 99 1_0 31 12 1

148 1.6 18 7,7 14 1121 -3 1
168 1.2 9.1 9.6 21 5 1
178 0.7 1.9 3.7 4,5 -I 1
149 - - - - - 9
169 - I - - A - - 9

179 0.8 176 5.5 18 i 1

1-17
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N 0 /50-50 HYPERGOLIC HIGH VELOCITY
2 4

Flat Wall

TEST NO. 073 PROPELLANT 1hT. 1 (100 LB

,STATLIO PRESSURE IMPULSE TRACE

NUMBER ______ CHARACTERISTICS REAKS•, ,• REMARKSS.... ,,-,.•NUMBER

PSI %si YIELD PSI-MSEC % YIELD SHAPE BASELINE

145 9
165 9
175 9
146 20.3 11 101 39 1 1

166 I 0, 5.1 56.5 16 12, 5 1
176 _ _.96 9
147 7.8 * 7 47.7 28 12 1
167 5.P 310 34.1 16 12 1
177 3.9 5.2 33.0 14 4 1
148 3.2 19 25.0 23 1.2 1

168 2.7 14 21-8 18 12 _

178 2.4 11 20.0 16 1 1
149 1.8 33 16.2 26 1 1

* ~~1639 1.2 13 13.0 1731 __--___

179 1.2 12 12.3 15 8 1

J;

4'
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N N04/50-50 HYPERGOLIC HIGH VELOCITY

Flat Wall

"TEST NO. 012 PROPELLANT WT. _.iQ00 LB

TRACE
STATION PRESSURE IMPULSE CHARACTERISTICS REMAPKS
NUMBER -E-REAK

NUE PSI YIELD PSI-MSEC % YIELD SHAPE BASELINE

145 No gauge 9 9
155 No 9aue _ 9

1_ _ A I. 101 39 12 1

156 13.5 -. 8 71.3 21 5 1

147 7.7 17 53.5 22 1 1

157 _Nc. usel 1 -___ ta 12,____ 1

--14• 3.77 22~II 32.3 30 1 3
158 No gauge

149 1.5 16 16.9 22 1(3) 2
159 No gau ge

TEST NO, 072 PROPELLANT WT. 1I000 LB

TRACE

"STATION PRESSURE IMPULSE CHARACTERISTICSNUMBR ______REMARKS

NUBE PSI % YIELD PSI-MSEC 5 YIELD SHAPE BASELINE

145 9
165 ____ ____ ___ 9

175 9
146 28.4 14 108 40 12 1
166 10.7 5.0 59.2 18 12 1

176 9
147 9.9 ! 23 51.5 31 12 -1"

S167 5.7 9.5 35.3 17 12 1
i•177 5,1 8.7 31.3 14 121

148 2.6 .13 19.9 15 12 1

168. .1 8.2 17.8 13 12 1
178 2.6 13 18.6 12 1 1

149 1.7 30 __18.1 26 3 1
169 1.2 L2 13,8 19 1 1 1 1S179 1. 3 15I . 3 . 14 1 1

1-19
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N 20 /50-50 HYPERGOLIC HIGH VELOCITY

Shallow Hole

TEST NO. 002 PROPELLANT WT. ..2-_aLB

PRESSURE IMPULSETAC
STAT .ON CHARACTERISTICS REAARES

PSI • YIEUI) PST-MSEC % YIELD SHAPE BASELINE

145 38.8 26 105 149 7 1

155 - - - - 4 1

146 19.0 44 54.2 67 1 (12) 1

156 9

147 9

157 9

148 9

158 9

149 9
159 9

1-20
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N 0 /50-50 HYPERGOLIC HIGH VELOCITY
2 4

Deep Hole

TEST NO. 008 PROPELLANT WT..20 LB

TRACE
STATION PRESSURE I MPULSE CHARACTERISTICSS•I• ~~NUMBER 'ERK
NUMBE PSI % YIELD PSI--MSEC % YIELD SHAPE BASELINE

145 28.0 14 120 110 125 t3 1
155 12.8 5.5 25.2 9.3 12 1

146 12.0 22 87.9 150 8,3 or 4. 1
156 No data 1 1

147 6.1 49 36.3 76 4 1
157 9

"148 2.7 56 19.8 64 4 or 8 158_._9
158 __ _ _ _ _ _ __ _ _ _9

149 9
159 ... . 9

1-21
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"N 0 /50-50 HYPERGOLIC HIGHI VELOCITY
2 4

Deep Hole

TEST NO. 003 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE
SrATION CICARACTERISTICS REMARKS

• • ~~NUMBERRMRK
NB PSI 5 YIELD PSI-MSEC , YIELD SHAPE BASELINE

145 12.7 9.0 39.9 24 12 1
155 13.2 S.4 33.1 17 10 1

"146 6.3 13 34.8 38. 12 1
156 6.8 13 29.7 27 12 1

S- 147 3 1
157 9

148 1.8 17 12.4 33 1 1
158 9

149 9
159 9

TEST NO. 009 PROPELLANT WT. 200 LB

TRACE
PRESSURE IMPULSESTATION CHARACTERISTICS?:" N,•.:• I• RE MA RKS

PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

"14b 33.6 23 108 120 3 1(3)
155 19.2 11 31.4 14 12 1

146 19.8 51 80.6 130 3 10(3)
. 156 No useful data 1 1

147 8.8 98 37.0 82 1 1
157 9_____ __ __

148 3.3 89 23.6 39 1 3

149 9
159 9

1-22
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N2 04 /50-50 HYPERGOLIC HIGH VELOCITY

Deep Hole

TEST NO. 069 PROPELLANT WT?. 20-- rL

TRACES•'• ~PRESSURE INM-ULSETRE

STATION CHARACTERISTICS REMARKS
PSI q YIELD PSI-MSEC % YIELD SHAPE BASELINE

145 53.5 26 121 85 3 1
165 9
175 9
146 18.1 24 74.9 75 12 1
166 5.8 8.2 21.6 13 12 1.
176 9
147 5.0 32 1.2 65 12 1
167 2.9 11 14,4 15 12 1
177 1.7 3.5 12.7 13 12.4 1
148 2.5 12 20.9 58 12,3 1

- 168 1.6 14 10.4 20 4 1
178 1.0 4.9 8.0 28 4 1
149 9
169 9
179 0.5 4.5 5.7 17 4,8 1

'4f
-r2

-:&-
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!'1

N 0 /50-50 HYPERGOLIC HIGH VELOCITY
2 4

Deep Hole

rEST NO. 013 PROPELLANT WT. 1000 LB

STATION .PRESSURE' IMPULSE TRACE
STATION_____ CHARACTERISTICS

NUMBER psi 'P YIEIJD PSI-MSEC % YIELD SHAPE BASELINE R5MARKS

145 9 .

155 9

146 27.2 16 140 64 12 4 1
156 21.0 10 ill 39 5 1

147 14.7 41 76.4 46 1 1 -
157 12,8 1

148 5.8 51 48.5 46 1 1(3)
158 9

149 1.9 28 24.5 32 3.4 1,3

159 9

TEST NO. 074 PROPELLANT WT. 1000 LB

TRACE
STATION PRESSURE IMPU1SE CHARACTERISTICS REMARKS
N i5,.1I1ER

PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

145 9

165 9

175 9
146 58.8 28 215 110 12,3 1
166 10.4 4.7 70.7 23 4 1
176 9

147 15.8 43 131 130 12 1
167 7.4 16 52.3 31 12,4 1
177 2.9 3.2 25.9 11 1 1 2
148 6 60 56.4 79 -1 1
168 3.2 20 35.0 39 12,4 1

178 2.4 12 24.8 22 1 1
.49 2.6 47 22.1 11 3 1

169 1 .6 24 23.3 42 4 _3 1r

179 0.7 4.4 8.2 7.9 1 1

1-. 1



U RS 652-35 AFRPL-TR-68-92

N 0 4/50-50 HYPERGOLIC HIGH VELOCITY
2 4

Parallel Wall

TEST NO. 004 PROPELLANT WT. 200 LB

TRACEPRESSURE IK~PULSE
STArION RSSE CHARACTERISTICS REMARKS
NUMBER PSI • YIELD PSI-MSEC % YIELD SHAPE BASELINE

145 18.3 17 63.9 59 12,5 1
155 13.7 10 56.7 46 12,4 1,3

146 9.4 26 44.1 57 12 1, 3
156 7.3 15 37.7 41 8 1, _3

147 4.1 30 24.3 46 12 1
157 9

148 2.2 41 14.7 43 1 1
158 9

149 9
159 9

"TEST NO. 010 PROPELLANT wT. 200 LB
TRACESTATION PRESSURE IMPULSE CHARACTERISTICS

______ ______ CARACERISICS REMARKS
NUMBER 7PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

-- _145 16.4 9.9 54.8 38 12 1

155 13.2 7.2 44.3 26 12

146 76 15 39. 42 12. 1 _____

1.56 ____ 5 1 ______

147 .Q 24 19. 32 12__
157 9

148 1.6 19 11.6 30 10 3
158 _______________ _____9

149 99

159 _ _9

1-25
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GROUP 2

HYPERGOLIC (AFRPL) TESTS

VELOCITY 'EST TERMINAL
L/D TEST OR YIELD

TYPE (Do/D 1 ) NO. M

031 0.2

CBM (0.45) 032 0.1

035 0.2

01.9 3.4
30-lb Spherical (0.45)

Donor 030 4.0

1-lb Conical (0.45) 028 1.2

Donor 029 0.8

Command (0.45) 025 0.4

1.8 Destruct 036 0.3

033 8.8
Cold Propellant (0.45)

037 13.7

157 0.3
77

Tower Drop /s 158 0.2f t/sec

159 0.3

189 0.4
1000-lb 77

Tower Drop ft/sec
258 0.3

Unless otherwise noted all tests were 200-lb propellant weight.

1-26
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•" ~~URS 652-35 ,.-T~•,

N204/50-50 HYPERGOLIC

T OS Confinement-by- the-Missile

TEST NO. 031 PROPELLANT WT. 200 LB

URESSUE IMPULSE j TRACE
TTuBPS EML CHARACTERISTICS REMARKS

,,PSI YIELD PSI-MSEC %YIELD SHAPE B3ASELINE

115 0.9 2.2 1 1
125 0.8 0.1 1,9 0.3 8 2
135 1.0 2.4 1 .1
116 0,6 1,7 8.3 2
126 - 4.0.1 i , 4 2
136 n-6 5 11 2
117 o03 0..8 8 2
127 1 - 0.3 11,8 2
137 o.3 o _8 11 1118 _ _ _ _I_ _ 9

128 -' 9
"138 9
119 __ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ _ _ _ _

129 _ _ _ _ ____ _ _ _ _ _ _ _ _ ____1•I 7/•- •1399

A TEST NO. 032 PROPELLANT WT. 200 LB

' PRESSURE IM~ULSE TRACE
STATION CHARACTERISTICS

NUMBER -"PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 0.8 1i,4 1
125 0.9 0.04 0.6 ,.1 12 1
"135 1,0 _ -_ 12.5 1

116 - - 3 1
St = 1 60 , 6 0 I0 . 50 3 1

S•'" 136 0.7 0.6 1(3) 2

127 - 0.1 - 01 __ 9
137 _0,3 0,3 Ii23 1

118 9
128 9
119 

9
129 _____ _ _ _ _ _ _ _ _ _ _ _ _ ____ ___9

-1_ __._--'-_ _ 39 _ _ I 9. I 9
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URS 652-35 AFRPL-TR-68-92

N 0 /50-50 HYPERGOLIC

SConfinement-by-the-Missile

TEST NO. 035 PROPELLANT WT. 900f LB
,•' TRACE

STT-N PRESSURE IMIPULSE
-STATION CHARACTERISTICS!• •2, NMBERREMARKS
NUMBER

PSI C- YIELD PSI-,•SEC To YIELD SHAPE BASELINE

115 1.0 0.9 1(4) 2

125 1.2 0.1 1.1 0.1 1(3or 4- 2
135 - --_ 9

.06 O.8 0.8 12.3 1
,f 126 0.8 0.2 0.8- 3 1 ..

a 136 0.8 0.9 1 2
117 __0. 4 0.5 10(3) 2 or 3
127 - - I 9
13-7 - ___ ____ _ _9

.pw 118 9
jm128 _________ ________9

138 _9_ _ _

A 119 " 9S129 9

S139 9

4

4,

X2 •1-28
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URS 652-35 AFRPL-TR-68-92

N 0 /50-50 I{IPERGOLIC
2 4

30-lb Spherical Donor

TEST NO. 019 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE
STATION CHARACTERISTICS
N UMBER 

REMARKS
PSI NBc YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 21.4 _ 43.6 1 1
125 22.4 3.3 43.5 8.6 12 1

135 20.0 38.3 12 1

116 - - [ No Data 1 9
126 8_8 1.2 __6.8 3 -

136 6.6 5283 3,- 1
117 5 -5 !7_5 5.4.3 1
127 -2. -213 17-6 1 1
137 3._i 19.0_ 5.4 1
118 9
128 9
138 9
119 9
129 9

139 9

TEST NO. 030 PROPELLANT WT. 2 0 0_LB

STATION PRESSURE IMPULSE TRACETAT___ON CHARACTER ISTI CS R NA K
NUMBERREMARKS

PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

I15 21.5 34.8 12 1
125 22.0 3.5 32.0 0.8 12,4 1

135 20,5 33.4 1.2 1
11___ 8.5 29.7 1 3 2

126 8 2.1 36.5 12 1(4) 1
136 7.3 30.5 _ 1,(4),3 1

117 3,I 4 170._ 5.4.3 1
127 - -6.8 - 5.5 1,(3,4) 1

137 3.o 16.5 5.4 1
118 9
128 9
138 9
119 9

129 9
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URS 652-35 AFRPL-TR-6 8-92

N!
N 24/50-50 HYPERGOLIC

1-Il Conical Dornor

4"',17 I'ESiT NO. 028 PROPELLANT WT. 200 LB

I PRESSURE IMPULSE. TRACE
STATION I CHARACTERISTICS IE"• ,:':'• " l 1RE MARKS

A.T.. NUMBER psi / YIELD PSI-MSEC YIELD SIAPE PASELINE

11:5 4.2 4! 2•
125 - 9

135 2- | 2 _
4,1( 1 1.8 5.5 4 'i,3 _

____2.0 '1O -.2&_ 4.4.. 0 2
_- ,, _ _ ]_ 1__

__V17 .8 .__ ___• ! [4 _ _- __
12 7 ., O s _._ t _ _ _ 2 ., (3 )

137 0 2.§ 1

128 9

TEST NO. O),9 PROPELLeNT WT. 200 LBIPRFSSURE IMPULSE
NUMBEýR U- NEIlARKS

psi % YFDPSI-MSEC %YIELD SHAPE I3ASELTNE

115 .3 10.3 12 1

125 3.6 0.5 6.3 I.C 12 . 25
135 3 .2 6.0 1 1

it*1 1 6 1 .7 ..5 . 0) 3

126 1.7 -'03 3.5 0.9 1 1S136 - " [-' - - 9
S"1 i 0.8 3.0 3 1

•t~l&•127 - 07 - i 6 3 2 •.

137 1.o 2.9 1 1 .__

128 ,. 9._ g.
S~~~~~138_1189•,,

119

_ _ _ 9

-I?-3



SAN URS 652-35 AFRPL- TR-6 L-92

2N40 /50-50 HYPERC4)LIC

Command Destruct

TEST NO. _____ PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE
STATION ' "_ CHARACTERISTICS REMARKS

NUMBER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 1.5 ___ 3.1 ____ 3 2 ____

125 1.4 1.1 2.3 0.3 10,8 2

135 0.9 1.9 10,3 2
116 0.9 _ 1.5 8 1

126 0.8 n,i 1.5 0,3 11 1

136 0.6 1.4 1____ 2

117 0.6 ___ 1.0 1118.. -.1
127 - -4 1 1 2
137 0.4 0,9 --_ 1 . 1
118 9

128 9
• "138 9

1.19 _9~i__

129 9

TEST NO. 036 PROPELLANT WT. 200 LB

TRACE
STATION PRESSURE IMPULSE CHARACTERISTICS

NUMBERREMARKS
NUMBER _ _ __ _ _

PSI % YIELD PSI-MISEC % YIELD SHAPE BASELINE

115 1.1 2.1 1(3) 2

125 1.1_ 0.1. 2.0 0.2 12 2

135 3_ 4_ - 2

116 0.8 1.5 1, (3 12: 2
126 0,7 0.1 1.3 D.3 3 2

136 __1241 8 2

117 0,4 0.9 10 2
127 -. .3 - 0,4 1 2

137 9- _ 9
118 9

128 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 9

138 9

119 9
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UT.US 652-35 AFRPL-TR-68-92

N 0 /50-50 HYPERGOLIC
2 4

Cold Propellant

TEST NO. 033 PROPELLANT WT. •LR LB

•:•"•PRhESS URE IMPULSE
SSTATION LCILARACTERISTICS

~ ~i:*~NL2I ~ R E ~ S _____ ______ REMJARKS
NUME~q PSI YIELD, PSI-USEC %YTELD SHAPE BASELIN•.-

___125 9.6 __8_258 10 12 1

135 6,5 2z-, 8 3,7 2 -____

116 - -

126 3.8 4.9 14.9 9.8 1213 1
136 3.8 17,4 4 1
-17 1.8 _ 9.4 _ .. 3 1
127 6.112 3 1.___

137 1.7 1,8 _(3) 1
118
"128 _)

138
119 ___
129 9
139 9

"TEST NO. 037 PROPELLANT WT. 2_.._0 LB
"PRESSURE IMPULSE TRACT;

STATION CHARACTERISTICS
NUMBER I IIEARKJSNUMBER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 28.5 ___ 41.6 -____ 12 1 __

125 16.0 2.7 28.9 1.1 3,4 1
135 20.0 30,3 4 1 i
116 17.2 ___ 44.4 ____ 3 1 _____

126 6.7 13 32,3 15 314 1
*: .•: 136 8.2 29,5 1 1

-11 3.7 15,4 3 1

127 - - 9
137 -______ 9
118 ._,_. 9

128 9
138 9
119 9
1329

1-32
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URS 652-35 AFRPL-TR-68-92

N 0 /50-50 V HYPERGOLIC
2 4

Tower Drop High-Velocity

200
'TFST NO. 157 PROPELLANT WT. LB

TRACE
PRPSSURE IMPULSE S E EINE

STATION CHARACTERISTICS REMARKS
N UMBER I' EAK

PSI O/ YIELD PSI-IMSEC 10 YIELD SHAPE BASELINIE

]15 1.6 0.2 - - 9 1

135 1.7 0.2 3.4 0.5 1 1
116 0.8 0.2 1.8 0.4 1 1
126 0.9 0.2 1-8 0.4 1 1
136 0.9 0.2 2..0 0.4 1 1
117 0,4 0,2 - 8(9) 1
127 0.3 0.2 1.0 0,5 9 1 _----___

137 0.4 0.2 1.0 0.5 1 1
118 9

1 2 8 9__ _ _ _. ...

138 9
T::''••119 __ _ _ _ _ ___ _ _ _ __ __'_ __ _ _ _ 9 . -

129 9

S139 , ,9

TEST NO. 158 PROPELLANT WT. 200 LB

TRACE
STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS

NUMBER -____

PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 1.3 0.1 2.1 0.2 4(5) 1
125 1.2 0.1 2.0 0.2 10(4) 1
135 1.5 0.1 2.6 0.3 1 1

116 0.7 0.1 1.5 0.3 1(5) 1 __o. 1._0.__ 1
126 0.7 0.1 1.3 0.3 1 1
136 0.7 0.1 1.6 0.4 1 1
117 - 0.7 0.3 10 1

127 - - 0.7 0.3 5 1
137 0.4 0.2 0.8 0.3 5 1 4

118 9

138 __9

1z29 9 1V_ _1 _ _39__ 9

1-33
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MOM

URS 652-3.5 AFRPL-r~R-68-92

N 20 4/50-50 V HYPERGOLIC

Tower Drop High-Velocity

TEST NO. 59 PROPELLANT WT. 200

TRACE
I STATION ~PRESSURE IMPULSE ~HRChITC EAK

NUBR PSI %YIELD PSI-MSEC YIELD SHAPE BASELINE

1915 -- -- - 11
125 1.4 0 .1 3.6 0.5 10 1.
125 1.4 0.23.6 0.5 10 1 __

1163 - - __ _ _ _ _ _ _

1263 0 . 0 .2 1,9 0.4 2.1 _

136_____ 0_____ .7 ___ ____0___ .1_ _ 1.9__0.4__4 1 _____

$2~~~~~~~~~. 0.5___ __________ ___

117__ __ __ .4__ 0_ _ .2 8_ 1

127___ 0_____ .4____ 0 .21 1 .5 5,8

137 0____ .4__ _ 0_ __ _ .2__ _ 1.0__ 0.5__ 5 -4

11-3
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URS 652-35 AFRPL-TR-68-92

N2 0 4 /50-50 V HYPERGOLIC

Tower- Drop High-Velocity

TEST NO. 189 PROPELLANT WT. 1000 LB

TRLACE
STATION PPRESSURE IMPULSE CAACESTAIO CHARACTERI STICS REMARKS
NUMBER " REARKSPSI T YIELD PSI-MSEC ] YIELD SHAPE BASELINE

115 2.3 0.1 13.6 0.8 4 1 15
125 2.8 0,1 15.7 1.0 819 1 15
135 2.3 0.1 9.9 0.5 9 1 15

S1.16 - - 6.2 0.5_ 4(5) 1
, 126 1.7 0.2 6.7 0.6 4 3 6

136 1.6 0.2 5.4 0.4 10(9) 3 _

117 - - 3.2 0.5 10,ii 1(2)
"127 0.9 0.3 3.6 0.6 10i015 1
137 - - - - 4 3 4

118 9
128 9
138 _____

' •;119 ] 9.
'129 9

139 9

TE6T NO. 257 PROPELLANT W7. 1000 LB

STATION PRESSURE I KPUISE CHARACTER ISTICS RE[ARKS
NUMBER PSI "1 Vi LI) PSI-MSEC ':f YIELD SHAPE BISELINE

"115 3,1 0.1 13.4 0.8 1 1

125 . ..... _15

135 ---- 15 -

116 1.0 5'.9 0.5 103) 1 _ ......

126 0.6 0.02 5.5 0.4 4 1
__-,- 136 0.4 0.01 4.3 0.3 4 1

_ 17 o.0 .. .1 .8 1.6
127 0.5 0.1 2.•5.3 __3 4 1
137 0.3 0.02 - _ 2
118 0.3 0.2 0 0.6 1 _ 1

S128 0.2 0.1 1.4 0.4 - _ 1.
=i38 2 o8 0. . 1 _•L .3 _ _

119 0.1 0. 1.6 ._ Q2 1.0 il- . .
. 129 0-1 - ____ - ý6 4-,-_8 1

!39__ 0.9 0.4 11 , 8

1-35
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URS 652-35 AFRPL- TH-68-92

N 20 4/50-50 V HYPERGOLIC

'!Tower Drop High-Velocitý

TEST NO. 258 PROPELLANT WT. 1000 LB

STATION PRESSURE IMPULSE TAIL•CE
NME CHARATERIS IC' REMARKS

NUMBRER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE REMARK

115 15
- 125 1.19 0.04 11,12 2 15

135 15
116 - 0.9 0.03 8 2 15
126 1.0 0.1 5.0 0.4 -9,I 3
I 36 0.4 0.01 7.1 0.6 82 2
117 2.5 0.3 8.11.4 2 15
127 0.6 0.1 2.4 0.3 12,11 1

137 11,4 2 . 15.2
118 1.7 0.5 8,11 2 -15 _---

128 0.3 0.2 1.6 0.4 11,8 2 _t_3

138 1.5 0.4 11,4 1 15
119 15
129 0.2 0.3 0.6 0.2 8 1 __

139 T 0.6 0.2 11,8 2 15

1-36
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'*• 2' URS 652-35 AFRPL-TRH-68-92

GROUP 3

LO /RP-1 CONFINEMENT--BY-THE-MISSILE TESTS
-- 2

PROPELLANT TERMINAL IGNITION
L/D Do/Dt WEIGHT NOS YIELD TIME

0 AL (ib) NO.( (msec)

042 48 290
1 200 058 27 200

086 14 100

044 18 120
087A 16 70

095A 17 120
200 101 25 145

237 32 1271,.8 0.45
238 19 85
239 32 156

Partial 174 52 150

Full * 240 60 156

"0.45 192 14 216
193 20 222
209 10 121
270A 13 225

275 4 515
0.45 25000 278 13 530

282 13 540

200 047 4 515

5 1 200 049 12 316
085 12 380

046 17 143
5 0,45 200 088 4 60

100 23 220

4 0.1375 94000 301 4 840

Tank contained -133 lb propellant.

Ii: -
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URS 6 52-35 AFRPL-TR-68-92

LO RP-1 CONFINEMENT-BY-THE-MISSILE
2

L/D:1.8, Do /Dt :1

TEST NO. 042 PROPELLANT WT. 200 LB

"PR R ITRACE
STATION PRESSURE IMPULSE CHARACTERISTICSS.... \•REMARKS
NUMBER PSI Y YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 39.0 66.0 7(5) 1

125 35.0 41 60.0 54 12(5)(3) 1

135 35.0 69.0 i0 (12) 7 1

126 19.0 66 46.2 56 5 2
136 15,4 48.7 2(6) 2
117 5.0 25.8 1(5) 1

F127 - 44 - 52 1 1 2

A 137 4,8 24.9 1(5) 2
4- 118 9

128 9

138 9

119 9

129 9
139 _ 9

4•' TEST NO. 058 PROPELLANT WT. 92,0..._LB

PR R I S TRACE

STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS
S~ NUMBER

NUBR PSI % YIELD PSI -MSEC % YIELD SHAPE BASELINE

115 29.0 45.2 12(2) 2-" ::ý 7()
125 24.0 25' 47.1 27 5(2) 2

135 25.5 39.6 12(6) 1

116 11.6 28.9 1(2) 2

126 11.0 30 27.7 22 12(2) 2

4 1.36 10.0 27.7 5(2) 2
117 4.2 13.7 5(7) 2

127 - 31 - 24 11 2 2
137 3.8 17.8 1(2) 2

118 9

"128 9
.•±138 9

-:129 9

139 9

1-38
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UR 5-5AFRPL-TR-68-92 -

LO 2/RP-1 CONFINEMENT-BY-TUl-MISSILE

W1.8, D /D :
0 t

TEST NO.u PROPELLANT WT. 200L LB

PRESSRE IMULSETRACE
STATION PRSUEIPLE CHARACTERISTICS REMARKS

NUMER SI YIELD) PSI-MSEC % YIELD SHAPE BASELINE

115 19.2 16 30.5 15 1 2 _______

125 1 44 22 2 IL11 12 _ _____

135 13.5 19 23.4 9.6 2 _ __ _ _

Aa126 5.1 8.4 :0 112
136 6.2 12 21.2 16 1 2 ______

117 2.4__ 12 10.3 13 1 2 -______

127 - - 11 2 10

137 2.7 14 10.5 14 1 2 _____

138 _____ _____9

129

1-39



URS 652-35 AFRPL-TR-68-92

•A •:LO /RP-1 CONFINEMENT-BY-THE-MISSILE
2

L/D:1.8,D /D :0.45

TEST NO, 044 PROPELLANT WT. 200 LB

STATION PRESSURE IMPULSE CHARACRISTICS__
SNUMBER '8I YIELD PSI-NSEC % YIELD SHAPE ASELINE EMARKS

115 21.5 38.8 5(2) 2 _

"125 16 20 22(__) _2_2

135 18.0 32,2 12(5)(6) 2 _ _

116 8.1 25.3 5(6) 24 126 8.4 18 26.9 18 1(6)(2) 2 ._
136 7.3 21.2 0___2(5) 2 - "_-

S117 3,3 "_ _ 32 - 2(.) 2 ____

127 - 18 - 17 1 2 2
137 -2A _ _ 12.3 2 2
118 9

_128 9 _

"138 9

• 129i 9
1- 391__ __ _ _9 _ __ _ __ _ __ _ _ __ _ _1.3

4 
- -

TEST NO, 087A PROPELLANT WT. 200 LB

SAO PRESSURE I1PULSE TRACE
NUSTEN CHARACTERISTICS REMARKSS.... -• NUMBER-

PSI % YIELD PSI-NSEC % YIELD SHAPE BASELINE

115 1.418 1 36.2 19 5 2
S125 16.2 13 30,2 14 1 1

135 16.9 14 34.2 18-. 1 2
11 116 -2; _,•2 12 20.6 15 1 2
126 6. 1 20 4 1 2 []
136 7 ,0 14 23.5 -19 1 2
117 2-7 14 19I -1 17 5 _____

127 2. 13 12.7 18 1 2 ___

137 2_9 17 1 17 1
118 9
128 9

--- •-•-.1 I I-- - 11 -- I __1 9_____
139 9

• Iz.rzII 1 t V 0
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AZ

uRs 6652-35 AFRPL-TR-68-92

LO /RP-1 CONFINEMENT-BY-THE-MISSILE
2

L/D:1.8,D /Dt :0.45

TEST NO.. PROPELLANT WT. 200 LB

TRACEPRESSURE IMLPULSE
STATION CHARACTERISTICS
NUMBEI ~ PSt % YIELD PSI-MSEC % YIELD SHAPE BASELINE

S115 18.1 16 33.2 17 5 2
125 17.5 15 29.2 14 1 2

135 20.9 19 33.5 1.7 1(7) 2 _

116 8.3 20 31.2 16 1 1
126 7,9 18 _2;2, 18 1 2
136 7.0 14 22.2 17 1 2 -
117 2.9 18 11.1 15 1 1
127 3.1 19 11.8 16 . 1 1
137 3.1 19 13.1. 19 1 1
118 9
1 2 8 . ... . . . .... 9

• 1338 __ -"__ -_ __ _ 9

t129 ___..._______ ___9 ___139 9

TEST NO. 101 PROPELLANT WT. 2020 L13

TRiACEPRESSURE IrMPULSE

STATION C1TARACTERISTICS
U']NUMBER P6 % YIELD PSI-MSEC % YIELD SHAPE I3ASELINE

115 31.4 33 60.3 44 1_ _____
125 25.0 25 46.4 29 1 2

135 28.4 29 47.7 31 1 2
116 13.3 42 38.5 42 1 2
126 10.5 29 37.1 39 1 2

136 9,7 25 36.7 11 2
117 4.6 39 20.0 35
12 7 3,8 28 18.6 31 12
137 4,0 31, 22.2 40 1 ..

118 9
1289
i389
119 t9

129 9
1399

S~1-41



URS 652-35 AFRPL-TR-68-92

LO 2/RP-1 CONFINEMENT-BY-THE-M ISSILE

.L/D:1.8,D 0D/D t :0.45

TEST NO. 237 PROPELLANT WT. 200 LB

TRA CE
PRESSURE IMPULSE TRACE

STATION CRAiRACYE R ISTIES REAK

NUMBER PST 1 YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 24.7 25 - - 5(4) 2 3
125 31.0 34 49.3 33 4(5 12 3

135 33.4 36 51.0 35 5,5 1 2
116 9.8 26 27.9 25 T 4,5 2.3
126 8 21 31.6 30 5,4 23
136 14.2 46 35.9 37 4 2,3
117 3.7 27 195 33 5
127 . 22 16.3 26 5(4) 2,3

137 4.2 33 19.1 32 4 2,3
118 :17 28 10.8 32 _L4_ 2,3

128 1.8 32 9.4 26 5(4) 2
138 1.8 30 10.7 32 5(4) 2

1_ -38 9.8 2.3
129 30 .5,5 29 104 2

1439 0.9 1 33 36 4 2_3

TEST NO. 238 PROPELLANT WT. 200 LB

TA' IONu PRESSURE IMPULSE TRACE

XRTRTI REMARKS
S,71 %YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 17.2 14 - - 5 4,2,3 2,3
18 33.7 18 5(4) 2 3[-15 lb.9 1 C, 30.1 14 10 2

116 6.6 13 13.3 8.0 523 23
_12C 7.4 16 18.5 13 5,12 2 3

136_ 7 3 L 16 23.5 19 2.

127 2 ". _,12; 1A.• 15 5,4 2 ,3

t 66 16 5.4
1•- • ___, 36 0 9_9. 2 __.

___- 1 3 ___4_._ 2.0 __,,t _ __ _ __,3_ __ _ _ _l~• 1.4 • •7.4 i8 4.,5 2

__ 4.2 20 9.o8 2
Q 0 7 178 2A 10 2

_0,73 6 _ __ _ 2

1-42



ORS 652-35 AFRPL- TR-68-92

LO /RP-1 CONFINEM~ENT-BY-THE-MISSILE
2

.ID;1.8,D 0D/Dt :0.45
l0ot

TEST NO. 239 PROPELLANT WT. 200 LB

-R R I TRACE
STATION L PRESSURE IMPULSE CRARACTERISTICS REMARKS
NUMBER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 37.0 12 - - 4 2,3
125 34.6 39 59.3 45 12 2,3

135 34.0 40 53.3 37 2 _4,3,7-- 2,3

116 9.4 25 - - 4 37 2 - 3

-q 126 11.4 32 29.5 27 4 437 2,3
136 11.7 34 34.7 35 4:3:7 2

117 3.7 26 18.9 32 5 8 2,3

127 3.7 26 17.2 27 4 5 2,3

137 43 34 18,7 31 9 2,3 _ _

118 1.7 25 9.2 26 5(4) 2

"" 128 1.9 35 9.0 25 5(4) 2

138 1,6 23 9.6 28 5 4 2
119 - - 5.8 31 98 2

129 0,9 35 5.6 30 10 2

139 0.9 31 5.7 30 5 4 2

1-43
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URS 652-35 AFRPL-TR-68-92

LO2 /RP-1 CONFINEMENT-BY-THE-MISSILE

,L/D:1.8, D o/Dt :0.45 Partial Full

5 TEST NO. 174 PROPELLANT WT. 200 LB

STATION PRESSURE IMPULSE THRACTE
SNUMBE CHARACTERISTICS REMARKS

PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 - - 59.2 45 4(5) 1 3
125 45.2 56 61.3 48 1(4) 2
135 47.5 59 - - 4 2 3
I, 1 - - 43.8 51 6 2
12- - 41.8 47 6(4) 1
136 6(12- - -4 2 3
117 5.1 47 27.0 54 10(4.. 2
127 5.7 58 26.5 56 4(5) 1

137 5.4 53 25.2 49 10(4) 2 4
llS 9

128• _9
138:__ 9

• .119 __ _ _ _ _ _ _ _ _ _ _ _ _ _ _9
129 _9

139 9

TEST NO. 2,10 PROPELLANT WT. 200 LB

IMPULSE TRACE

-STTION CHARACTERISTICS SREMARKS
NUMBER PSI YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 60.2 85 58.0 43 5,3 2,3
125 48.4 75 61.6 48 4 12 2,3
S135 61.0 87 55.9 41 4 12 2,3___3 63 .46.3 .57 4,12 2,3

S126 24.3 100 '70. 2 113 4.12 2,3 11
.•136 -41 .1 47 317 2.3

117 5.2 51 29.-5 621 , 2.3

127 4.9 46 26.8 54 4.5 2 3
t37 5.4 52 27-6 51 9,8 2,3
118 2.2 48 12,6 41 4 2,3 3

i• ,:128 2.5 _11I.0 33 4,5 2 2•33

3 2. 50 14.,9 52 5,4 2.3 _

_ 9_ . _. 99 65 2,_3__ __
- - 129._] 64 9-3 60 5,4 2,3
i 139•1. 5.8 8.2 .50 5,4 2 •3

Calculations ba.sed on this vei1ht. Actual propellant weight: 133 lb.

:1-I,4



q
URS 652-35 AFRPL-TR-68-92

L0 2 /RUP-I CONF1NEMSNT-BY-THE-MISSILE

Ll/[)1.8 D/D :0.45
0t

',';('":PEST NO. 12PROP'ELLANT WT. -190-LB

STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS
r,,'•NMEST NO 9'RPELN"T .i)2

" NUMBER PSI YIELD PSI-MSEC ", YIELD SHAPE BASELINE

115 38 8.7 59 8.8 1(12) 2

125 40 9.6 60 9,2 10,12 2
135 34 7.7 60 9.1 1 2
116 15 9.5 __45 11 4 2
126 13 8,0 40 9,1 11 2
136 13 8.2 48 12 1 2

117 -- - - 11 2 2_

127 - - - 11. 2 2
137 5.3 10 30 13 1 2

118 2.1 8.4 16 11 1(5) 1
128 2,2 9.9 18 14 1(5) 2
138 2.4 12 18 14 1(5) 2

12 _________ _ _ _ _ _ _ __ ____ ___ _._9, 1 2 9 . 9

139 9

TEST NO. 193 PROPELLANT WT. 1000L-113

PRESSURE IMPULSE TRACE

LSTATION CHARACTERISTICS REN"RKS?V-. NUMLER ... EAK
NME PSI YIELD PSI-MSEC % YIELD SHA PE BASELINE

115 53 14 85 17 1 2

125 59 16 109 25 12(5) 1
135 - - 76 14 4(5) 14 116 19 15 57_ _ 16 1(4) 2

126 19 14 65 19 1 1I
• 136 19 15 64 19 1 1

- 117 _ 6 -7 15 43 23 1(5) 2
"127 -... 10, 2 9 L5 2
137 7.4 18 56 34 5 2
118 2,9 17 25 23 1(5) 1
128 2.9 17 24 21 _. 1
138 2. 9 18 26 24 1(5) 1
119 1 9
129 _ 9
139 __ 9_ _ _ _ _ _

1-45



URS 652-35 AFRPL-'rR-68-92

LO2 /RP-1 CONFINEMENT-BY-THE-MISS ILE

_L/D:1.8, D /D :0.45
0 t

TEST NO. 209 PROPELLANT WT. 1000 LB

S~TRACE
STATION PRESSURE IPULSE CHARACTERISTICS

NUNBE REMARKS

PSI 7 YIELD PSI-MSEC % YIELD SHAPE BASELINE

11.5 42.1 10 94.6 20 4(5) 2,3
125 38.9 9.2 64.4 10 12,8 1
135 40.2 9.7 58.3 8.8 4,5 1

1 116 14.5 9.4 45,2 11 4,5 2,3
"126 13,8 8.8 40-1 8.9 11.5 2.3
136 13.9 9.1 39.9 8.9 8 2.3
117 4.9 9,0 30.7 13 1.(8)- 2.3
127 9.0 28-1 12 4.5 • 2.3

137 5.2 9.8 25.9 10 1 2,3 4
118 2.2 9.5 11.5 7.1 5 2
128 20 8.2 11 5 2,3
138 2.4 12 15,0 11 5 2.3

• 119 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _9

129 9
139 9

TEST NO. 270A PROPELLANT WT. 1000 LB

'-"-" TRACE
STATION PRESSURE IMULSE CHARACTERISTICSNUIBE REMvARKS

NUMBER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 38 8.8 69 11 3 1
"125 61 17 75 12 11,5 1
135 53 14 81 14 12 1
116 15 9.8 56 15 12 1
126 17 12 59 16 1211 2i
136 15 11 56 15 11 2

f117 5.4 11 31 13 5 2
-• 127 5.2 9.7 33 14 12 2

137 1.2 0.5 4.1 1.0 1 1 2
118 2.4 11 18 13 12 2
128 1.9 7.1 13 8.0 5 2 _'_

138 2.2 8,8 17 12 8 2
-119 1.2 13 li 16 [ 8 2_ _

t 29 1.1 12 10 13 12,11 2
139 1. ]. 11 10 13 II1 2

1-46



UHS 652-35 AFRPL-TR-68-92

LO2 /RP-1 CONFINEMENT- BY-TIE-MISS ILE

L/D:1.8, D /Dt :0.45

TEST NO. 275 PROPELLANT WT. 25000 LB

TRIACE
PRESSURE XNTPULSE TRACESTATION _________ ____CHARAcTEII~LlSTICS

REMARKS
NUMBER PSI T YIELD PSI-ISEC YIELD SHAPE BASELINE

117 9.9 1.2 138 6.1 2 1

127 9.5 1.1 103 3.8 2 1
137 9.7 1..2 148 6-8 1011 1
118 _• _4 _ __.1 89 . $_ _

, .1 , 4.- 1_5 57 3-1 1
138 4. J 1.4 73 4 L . 1 1
119 1.7 . 6 5-0 5.4 1

_12.9 7i 6 1- Q) A 42 4- 4 IC12_ (1. 2
139 1.6 1.0 48 5.3 1 (4)

110 1.0 1. 5 33 6.8 12 1
120 0-8 1-.0 3,1 - 7-1 1 (51

130 1.1 2-0 36 :6 I f5) _,

_.11L (14 0, 16 11 .A 1LJ2.5 5 _

121 04 5 13 ____131 0.4 -t-5 17 61 3l 17 )I7 ý 4. (3

TEST NO. 278 PROPELLANT WT. .25W00 LB
S......•TRACE

STATN NUMEPRESSURE IMPULSE ERACE

~ rENUMIER -REMARKS

PSI %Y YIELD PSI-M~I2C YIEJ.D S HA PE j ASELINE
11.; .- -117 7,2,4 2 5
127 42 10 - - 10,2,4 2
1371 47 12 287 21 27 __1___

S118 _ 16 14 170 18 5,4 1
128 18 16 149 15 2 2,

'138 18 16 174 19 2 2
119 5.6 12 92 14 2_ 21fl0 2

129 5.9 13 94 15 2,10 2
139 5.7 12 98 15 1 ....

110 2.3 11 52 14 10 1 ___-

120 2.5 12 52 14 3 1
130 1.7 5.6 39 8.6 1 1
111 1.1 12 31 15 _ 10.,7 - 1

121 0.5 - 13 - 13 13

, ~ ~ 1 131. 1 1 9.2_ 31 15 9 . ... _1- ......

1-47



Srr URS 652-35 AFRPL- TR-6 8-92

"LO /RP-1 CONFINEMENT-BY-TIIE-MISSILE

L!D:1 .8, D /D -0.45

TEST NO. 282 PROPELLANT WT. a.QQ__ LB

PT ITRACE
STATION PPESSURE I {PULSE CHARACTERISTICS
NUMBER PS_ % YIELD PSI-MSEC % YIELD SHAPE BASELINE

__ Psi I_ YIEL PSI_ _

- 117 251 17 2 1

127 -- 186 10 27 1 5
.J37 43 11 193 11 7.2 1 __

118 17 14 169 18 4 2 ___--_-

W128 15 12 156 16 4 2
138 16 14 1 _0 17 3 1 i

129 5.8 13 86 13 1 2

139 .4-8 9-0 88 1.3 10.8 11,1: ! 0 2.6 13 _ 52 14 7 2

•:°'120 2.L2 9. 9 4 48 12 81

130 2.4 11 ýl 13 81 ___i 1 L1 2 AJ i i - - _ _

:i 1 2 1 -1 -0 9 .57 1 2 1 ,2 -

131 1.1 29 14 7 ...... - _

S.....:..a•1-48 
•
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"" URS 652--ý35 AFRPL,-TE-68-92

LO 2/RP-I CONFINEMENT-BY-THE-MISS I LE

L/D:5, D /D :0.45

TEST NO. 047 PROPELLANT WT. 2 LB

TILACE
-.* STATION PRESSURE I[ yIPJfl.SE CiIARACfLRIICS

REIVRRKS
NUN1B3PR Psi YIEI,D PSI--MSTEC , VIELI) SHAPE B3ASELINL

S,115 15.2 25.2 7 2

125 16.5 12 2d.7 i .2(5) 2
135 - - 7(10) 2

11G. 4.9 _13. 8 TF_3-- 20~ ___ ____

126 5.0 8.6 14.2 8.5 10(2) 2

136 5.2 15,7 1 2

117 2.7 9.3 1 2
27 - . - 9.2 - - 2

2.1 7.0 1

S9

-,- _'_. ____ ,1 9

%1 9

FYS'1 NO. 049 I2I00I I NU S I . 2 X LB

' P -,; - T.CULSEE
I�? /.I'ASIAION CIb'IIAC'I' [ISTICS

PSI .I I'LI[,1) PS I -MSI;C ;' YIELD SA8APE BASELINE

,,t77 _ I? 29.3 11 12(2) 1 .... _ .....I, i.,):: 15 t 6•,Z 2"1_ 9 .iQ:_ . .. L ')• .. .. ____....__

-- - ---- --- -----. as<-•- _ _____

1 2{ 6.7 11i.4 ' I 10 2

1:36 5.6 0: i -1(2) 2

- .. II '" . -" . _ __ . . .1_ , . . . __ . ... ..... - .. 2 _ _ _ _

I./l / .'• i ..... -_--_-- "_-_-_

, IS __ _ _ 9

±,. iI I -,- 9

1 2

.. 412

/9
S.. .. . 9

?;9



UPS 652-35 AFRPL-TR-68-92

LO 2/RP-1 CONFINEMENT- BY-THE-MISSILE

L/D:59 D o/D :0.45

TEST NO. 085 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE

STATION ,_ CHARACTERISTICS REMARKS
NUMER PS % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 17.3 14 16.2 11 1 2
125 17.0 14 24.7 10 7 2
135 13.8 9.9 21.9 8.4 7 2
116 6.0 11 16.2 11 1 2
126 5.9 11 14.7 9.2 1 2
136 6.7 13 18.7 13 1 2
117 2.5 12 9.4 12 1 2
127 2.4 11 8.8 10 1 2
137 2.8 15 8.9 11 1 2
118 9
128 9
138 9
119 9
129 9
139 9

1-50



!V

A.- fý i R8 652-35 AFRPL-TR-68-92

LO2 /RP-"1 CONPINEMENT-BY-THE-MISS'ILE

"LWD:5, D /D :0.45

TEST NO. 046 PROPELLANT WT. 200 B1,1

TRACE
STATION PRESSURE IMPULSE C THAR I ST I.CS REMARKS

SNUMBER Psi .• YIEL D PSI-M.SEC . TIELD SHAPE BASELINE

115 19.3 35.2 1 - '2

125 19.0 16 - 39.7 19 12 3

135 17.0 32.3 _ 12(2) 1

_.t.._. _ _- _I

126 15 2-3 17 11 3 6 7 . 2 2 , 2 1 _ , 2! . .
1 1 7 3 .0 1 3 . 6 _ 1 ] o _ • _ _

1 3 7 2 . 7 1 2 .5 5 2•-

139 
9

-EST NO. 088 PROPELLANT Wr. 2 L0_L• 3

I TRACE
S TAT I ON PRESSURE I MPU1,SE CI-IAIACTEII :YI CS RMARKS

N0JAIIE'I Psi s YlEL) PSI -ISEC J EIJLD SHAPE- iBASEMNE

S115 6.6 2.8 1.5.8 4.9 1 2

125 6.6 2.9 1.t.3 4.2 1 1

135 8.0 4.1 14.5 4.3 1
11(; 2.8 2.7 8.9 4.:1 1 2
126 3.6 1. 4 9j) 4.3 1 2

1 3 6 :• "• :• 3 .7 4 . 6 9 . 4 .9 1 2
All 117 .- - 9

A .127 1.4 3.4 5. .1.7 1 1

137 1 5 3.8 5.() - 1 4 , 1.

128 9

" _'13 8--- _ 9

9-9

__...... 19__ 9
_____.__9 _____ __ 9

____"_______.___i___1___91_ I__________ ____________ ___________ _________ 9

2 
___ 15
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URS 652-35 AFRPL-'TR-68-92

LO /RP-1 (X)NFINEIIENT-BY-THE-MISSILE4 2
L/D: 5, D "' :0.45S%0 "

TEST NO. 100 PROPELLANT WT. 200 LB

I -.. .TRACE
STATIONu PRESSURE IMPULSE CIIAPACTERSTICS R

STAT ON C ARAC ERTS ICS REMARKSi PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

11 .2220 25 438 26 12 __

• ~ ~ ~ ~ 2 3•••• 0A4 :3 44. 1. 1- .. 7)(••: 2
1 3 5 2 4 . 6 2 4 3 9 . 62 3 . . 1 - - - 2

: • I •6 9 .4 Z 4 2 7 .7 25
S12G. 10.2 27 31 630 1 2

1 36 6.8 21 28.9 26 1 2
M•i1 3.2 20 15.0 23 1 2

V2 127 2.9 13 14.9 23 1 2
137 3.7 26 17.4 28 1 2 '1

-~ 118

1.28 9
.138 _ _ _ _ _ _ - - _ _ _ _ _
119 9

129

9I

I



URS 652-35 AFlJ-T-892

LO / RP- 1 CONF INErENT- BYT- Tk-MI SS ILE
2

L/D: 4, D /D t :0.137,5

J'ES' NOJ. 01PIIO2LLLANT WT. _lQ i0,13

PS 11 .51 27 66IWE 2.3i'l SHP BAE.T

117 5.6 3.2 285 3.6 2 2

137 2,0 2. 3 32 _

118 2.3 2.4 16 -. (5 2

120 12 13.1 2.
i130 2. 5.1 2. 6 2.-13

U97 5.6 ~ 3.2 F 8127 3.4 3

121 1 .3 3-9 3 5 4.6(
131 1.1. 2.5 34 43 93 _______

1-53
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URS 652-35 AFRPL-TR-68--92

GROUP 4

LO 2 /RP-1 CONFINEMENT-BY-THE-GROUND-SURFACE VERTICAL TESTS2D

PROPELLANT VELOCITY PROPELLANT TEST TERMINAL, IGNITION

L/D WEIGHT RAGEO N O YIELD TIME
(lb) RANGE ORIENTATION O. (msec)

096 14 50

. 144 24 190
LOW Normal

23 ft/sec 202 4 2 870
1__-_ __.__2_tse248 25 210

200 Reversed 097 32 240

208 62 460S_ Mediur,, 232 30 1220
44 ft/sec Normal 249 50 710

_-_250 52 200

218 1835

Miedium 219 14 13
1000 44 ft/sec Normal 220 96 525

267 64 1770

• _ __ _268 70 340
;£Medium 284 2 0

"1.8 25000 Normal
____ 44 ft/sec 285 37 465

110 26 35

141 5 0

200 High Normal 205 41 40
78 ft/sec 206 85 330

207 38 28

_ __._236 74 720

200 High Reversed 107 29 42

_ _ _ 78 ft/sec 142 14 33

1000 High 190 96 570
1__.____000 78 f u/sec Normal 269A 44 77

Low 098 14 300
Low Normal18•)•,• 200 ~23 ft/see 5 1 7

.200 2 s Reversed 099 23 140

High Normal 109 10 40

A4 _._ 78 ft/sec J Reversed 108 31 60

:..,:: •1-54
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URS 652-35 AFRPL-TR-68-92

h02 RP- 1 V CONFINEMIEN T- BY- ME.-GROUN D- SURFACE

L/D:1.8, Low Vclocitv

I'EST NO. 096 PROPELLANT WT. 200 LB

PRESSURE I MPUJL, -
STATION CP [A RAECLFR IS I C S REMARKS

NABR PST Yl YE 1I) [)SI-MFEC ";YIELD SHAPE' BASELINE

115 16.0 12 29.9 14 1 1
125 14.7 11 27.6 12 1 "2

135 15.9 12 27.8 12 - 1
116 6.7 12 21.1 16 1 1
126 6.3 12 23.2 18 1 _ L_

136 2.7 14 10.3 14 1 1

i 2.7 14 10,8 14 I 1
127 2,4 11 11,2 15 1 1

-1.37 _ _ _ _ _ _ _ _ _ _ 1 1 _ _ _ _

118 9

128 _ 9

138 - 9
119 9

129 _ 9139 __"_-__

"TEST NO. 144 PROPELLAN'T WT. 200 LB

TIZ.ACE

FTA TI 0N PRESSI'E IMPULSE C Tb\PACTEI• ISTTCS-11C IA1CEiITC IILM.L\IN S

PSI - YIELD PSI--MSEC % YIELD SHAPE BASELINE

115 - - 38.9 22 4(._1 1 __ 1

125 - - 37.9 21 4(5) 1
13.; 20.1 18 39.6 23 4 2
l11; 7.8 18 26.2 23 1- 1
125 8.7 21 27.8 24 1(3) 1
1_:;_ 8.4 20 27.4 24 1 1

I17 3.4 22 15.6 24 1 1
127 3.8 27 15.3 23 4 1
137 3.6 25 14.8 22 1 1 4
118 _9

128 9

!11_ 9

129) 9
l 39 , ________ ______9___

S~1-55



URS 652-35 AFRPL-TR-68-92 7:

"102/RP-1 V CONTINEMENT-BY-THE-GROUND-SURFACE

L/D:1.8, Low Velocity

TEST NO. 202 PROPELLANT WT. 200 LB

STATION PRESSURE IMLPULSE TRACE

STATION CHARACTERISTICS REMARKS
NUMBER PSI % YIELD PSI-MSEC % YIELD SHAPE B3ASELINE

.115 29.6 31 49.7 . 33 4 2
125 34.6 39 55.7 41 4 2.
135 19.1 16 48.5 32 4 3
116 8.7 21 34.4 35 4

126 138. - 5 42 4 12

136 13.2 - 41.0 47 4 3 12

117 4.5 - 24.7 48 4 12
127 3.9 - 24ý5 47 4 2 12
137 4.7 41 24.3 46 1 3
118 - - - - - 9

128 2.0 39 13.9 48 4 2
138 1.7 - 12.7 42 4 - _ 2 --

119 9____ ____ ____ ____ _______

129 9

139 9

TEST NO. 248 PROPELLANT WT. 200 LB
S' ~TRACE •

STATION PRESSURE IMPULSE TRACE
NUMTRTION __ CHARACTERISTICS MAS

PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 23.5 22 38.3 21 4 1 { 11

125 18.2 16 31.7 16 1(12) 1

135 16,8 13 31.2 15 5 1

116 7.5 17 23.6 19 4(5) 1

126 7.6 17 23.9 19 5(12) __

136 5.6 9,9 22.3 17 5(4) 1

117 3.2 20 15.2 23 4) _ _ _ _

127 2.9 17 12.9 18 4(5) 1 "

137 3.4 23 14.4 22 4 1 _ ____

118 1.7 27 8.8 24 5(4) 1

128 1.3 15 7.2 18 4(5) 1 _.

138 1.3 16 8.3 22 5 1
119 0.8 22 5.3 27 4(5) 1 _

129 0.8 29 4.0 24 50I0)L 1 _ _--_

139 0.8 22 5,2 27 .4(5 1 _

1-56
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URS 652-35 
AFRPL-TR-68--92

LO /RP-1 V CONFINEMENT-BY- THE-GROUND-SURFACE

L/D:1.8, Low Velocity, Reversed Propellant Orientation

TEST NO. 097 PROPELLANT WT. 200 LB
STATION PRESSURE IMLULSE TRACE

________ CHARACTERISTICS

NUMIBER REMARKS ______
NUMBER PSI % YIELD PSI-MuSEC 1% YIELD SHAPE ASELINE

115 26.7 27 39.2 22 1 1
125 21.0 19 46.5 29 1 2

.-- 135 28.4 29 46.3 29 1 - " 246.311.0 _ 31 33,10 232 _ £ 1

_ 12 __10.3 28 3'7.8 2 1 1
136 11, II.5 33 34.3 35 1 1
117 4.2 33 196 24 1 1
127 4.2 33 20.8 36 j I

17 3.8 .. 37 18.3 30 1 1 4
11 _ _ 

9
128 9
138 

9119 9
129 9
139 __ 

9

r9

1-57
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URS 652-35 AFRPL- TR-68-92

LO /RP-I V CONFINEMENT-BY-THE-GfROUND-SURFACE
2

L/D:I.8, Medium Velocity

TEST NO. 208 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE
STATION CHARAC`IERISTICS EAFI REMARKS
NUMBER PSI % YIELD PSI-MSEC YIELD SHAPE BASELINE

115 12.0 8.0 49.4 33 4(5) 2
125 21.5 19 44.2 27 4(7) 2
135 - - - -- 3-0,4,3 2116 6.4 12 39.4 44 10,4 2
126 9-3 23 40.0 .... _45 __12.4.5 1

136 - - 58.5 83 1_04 2
117 3.- 24.7 48 4,5 1
127 3- 23.6 44 4,5 1

137 4.6 - 28,4 58 4,5 1

118 .9

128 2.3 55 16.6 63 4.5 1

138 2.5 63 17.8 69 6 1

119 9

129 9

139 9

TEST NO. 232 PROPELLANT WT. 200 LB TRACE

STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS
NUBR PSI % YIELD PSI-A(,EC %YIELD SHAPE B3ASELINE

115 20.1 18 40.1 23 4 1

125 26.1 26 46.7 31 4(5) 1

135 18,9 16 44.5 27 4 1

116 5.7 10 25.5 21 4(5) 2,3

126 5.9 11 27.7 26 4(5) 2,3

136 5.8 it 33.3 33 4 2

117 .-.. 9
127 3.1 19 16.1 25 1 2
137 - - - 9

118 1.5 22 9.5 27 4 2,3

128 1.6 24 10,2 31 1(4) 1 ,

138 - - - - - 2 9

119 - - -. 2 2

129 028 7 6.1 33 1 2 1 I

1391 -- - - 3 2

1-58



f URS 652-35 AFRPL-.TR-6 8- 92

LO /RP-1 V CONFINEMF1NT-BY-TIHE-GROUN1)-SITRFACE
2

/L/):1.8, Medium Velocity

iKSTI NO. 249 PINJ'EI,IANT MI. 20.,0 f,B

>1TT-,VI'IO (CIIAh>AC IT:] I ;'I1CS TS.# ~~N III:"l ,1. i
• 01 5"s Y III, I' S [-;%I1-;] ., I(, , -11. 8 IIASI.,TNIT

I 1 24.0 22 57.4 13 4 1

2. 23.6 23 48.7 32 4 . _

3:5 17.9 15 -42.7 25 4(5) 1 o
0Ii 6.7 -f3C3 30.5 28 _-4 ....

I2hs 10.6 29 36.9 38 IL!s 1
1 6: 8.2 19 36.7 39 ... s(' _ I 1

17 Yi 3.6 25 22.9 42 , 1 _

]127 4.0 30 20.3 35 j5 I_
S37 _4.1 35 22.2 11 4 • _-

118ll 1.8 31 13.3 44 11 (51 I _

25 1.8 30 11.2 34 (9 I____
13,'5 *.9 3.1 12.6 42 5(l) 1

Il _______- 8.6f 54 1_ ...
129 1.0 54 7.4 44 )
121.9P.i3. 1.1 {} 1 7.6 45 1(7 (>. I ___________

.S N3 . 25(1 plI(PELANTIT" '.( )k IIC

- I ON PRESSURE 1111 ULE; "LX I I IEI I S.CS
- - ____-_- 1 EMARIRKS

NI II PS II EII1,I PSI -. 1-18 < YE.LI CII1-:1j) BASEI-,N1 E

Si., 33,5 37 73.3 65 1(3)
12,-) 29.4 32 47.4 51 IIs2 31 , 3-t 48.'t) - 31 I

i 1,; 8.4 21 32 31 o(,) I
12(- 6.6 13 29.5 27 I

13 1 10.8 30 42.1 48 1(5)
1 I ; 4.6 40 22.7 -t
I '2 3 8 28 21,8 ,ot) _ .t _

iI' _5, 2 49 25.6 _., 1 I _ _
S,.'< 2 .-3 3.1 __ (,) 5 __ 13.4 4_

1. -4 9.9 29 1(A) 1I_

1.9 35 13,9 18 1(8) 1
1 1 -•L.i 55 9.3 60 5(-1) 1

.L.• L1 -..-) 1 2 G2 _ t__ ( ) I

130: 1.0 51 801(4) 48 t

S"-59



-- URS 652-35 AFRPL-TR-68-92

LO /RP-1 V CONFINEMENT-BY-THE-GROUTND-SURFACE

L/D:1.8, Medium Velocity

TEST NO. 218 PROPELLANT, WT. 1000 LB
' 't:TRACESTATION PRESSURE IMPULSE .RACE

___ _ . CHARACTER I STI CS REMARKS• -NUMBER
N UMRI PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

S115 19.6 3.4 - - 3 2,3 _

125 15.4 2.4 49.2 6.6 1 3 _

135 23.6 4.5 36.4 3.9 11,3 1
116 8.3 3.9 - - 5.11 2,3
126 7.9 _ 7 33.1 6-4 5 1
136 - - - 3 1
117 2.4- 23 14.0 4-1 1(5) 2 3
127 jj* 2 3•, 2 7 • a .. 2 , 1 1 5 -7 4 -8 1 ( 5 )23. '

137 3.1 3.7 173 5 .6_ 1(5) 2 3
118 1,2 2.6 9.6 5.4 1(5) 2 3
128 1 .1 2 81 4 2

138 1.0 2.1 8.2 4.3 8 2 _ _ _

1 119 0-7 A3 _2 6_ 7 4(5) 13
129 0-6 29 5-9 6.4 10.5 2 3 IS139 0.6 2.2 5-0 5.3 5 1 3 m=

TEST NO. 219 PROPELLANT WT. 1000 LB

STATION PRESSURE IMPULSE TRACE

STATION CHARACTERISTICS REMARKS
NUMBER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 28.3 5.7 68.2 1i 4 2,3
125 - - 49.1 6.6 .84 2

135 33.9 7.!5 52.1 7.3 4 2 _3 3
04 116 8.2 3.8 52.2 14 5 23

126 91 4.5 48.0 12 4 1 _.

136 12o7 7.6 48.2 12 5(4) 1
1-17 3.6 5.1 37-0 18 is4 2

127 4.1 _6.3 31.1 14 5(4) 1 3
137 5.1. 9.4 32.9 15 4 1
118 1.8 5-9 21,3 18 4 1
128 2.2 9.9 19,4 15 .4 3_. 3
138 2.1 9.1 17.1 13 1(4) 1
119 1.2 12 130 19 5.4.8 1

1129 1 ._ [ lO 10 101.7 17 5,4,.8 1
... I_.. 11 10.3 14 48 15(4)

1-60

[1
-'4-



URS 652-35 AFRPL- TR-68-92

4ii
L0 2 /RP-1 V CONFINEMENT-BY-THE- ýtOROOND-SURFACE

L/D:I.8, Medium Velocity

TEST NO. 220 PROPELLANT WT. 1000 LB

TILACE
STATION PFXESSURE IMPULSE CHAI{AC'IER TI ST1CS REMARKS
NUMBER PSI % YIELD PSI-n SEC % YIELD SHAPE BASEL NE

115 182 65 543 484 6,4,7 2,3
125 - 244 -. 4,7 2,3 i_ _

135 - - - - 6 2,3 _ _

, 116 .... 6 2,3

126 - - - - 6 2,3
1- - - - 6 2 i
117 16.2 65 96.2 84 4,5 2,3
1.27 14.2 59 99.8 89 4,5 2",3
137 22.3 104 107 99 4

118 5.5 58 68.7 104 4,5 1
S128 5.7 62 65.9 98 4(5) 3
138 5.3 54 60.2 86 4(5) 1
S119 3 3 114 46.5 127 5(4) 2, 33

129 2.6 70 40.3 104 5 (4)
139 2.4 58 40.5 104 5(4) 2,,3_

LEST31 NO. 267 PROPELLANT W7. 100 L( 1

-- • t ~ PIdE S SURE 1 I1PU IL-SE

STATION & .L "i________
• -: ~NUMBER "NPSIE; YIELI rsI-M 'EC I [fL-II .1 A i \

S1151 50.4 13 188,7 .1..__ (71,

125 50.3 13 212.3 79 .1 C-3)
135 264.8 114 215.4 81
11 35.8 36 122 59 1,
126 26.8 24 116 55 _ I I '

136 108 150 138 71 1 7 7S1 1 7 1 3 -2 . •4 7 8 7 7 1 " 1 • -

127 11.3 36 91 77 ..
137 53- I0
1 8 5-0 48 557 75

128 4 70 6 99 ,(12) I
138 4.7 46.2 6 4__ 1 9
119 2. 4 1 _585 4 I

129 23 5. 31- 71 4 (5) 1
45_ 28,7 63 4(5)

1-61
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URS 652-35 AFRPL-TR-68-92

LO2 /RP-1 V CONPINEMENT-BY-TIIE-GBOUND-SUIIFACE

L/D:1.8, Medium Velocity

R_ TEST NO. 268 PROPELLANT IfT. 1000 L13
• 'I'TR A C ESATION PRESSURE IMPULSE --IZACE

_,_______ 'IAON CHfAR\CTER I STICS REMARKS

_.._NME PSI YIELD PSI-USEC % YIELD SHAPE BASELINE

115 155 53 296 144 10,12,3 3
12 12 - 36 200 7

135 143 4§ 230 91 124 1

1+ _16 37.2 3_ -140 73 12,4 1 _

.125 48.7 52 125 61 12,9,4 3 __..___

_______41.8 44 118 56 1 1
11? 11.4 37 86.4 71 4,12_8 1 ;_,
127 12.0 41 79,9 61 4 1 __

I -17 ...- 4.11 1 2
15 I 6.0 68 49.4 62 12 1

____, 5.8 65 47.0 58 112.11 1

13 4.4 9 7.7 59 12, ]i_,4 1 _;

1!9 2.6 70 37.7 93 3 1 2_
129 2.6 68 27.6 59 ill 21:1!) 2.4 59 -30.7 70 3

1-62
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URS 652-35 AFPDPL--TR-68-92

1 2 LO2/P-l V CONFINEMENT-BY-THE-GROUND-SURFACE

L/D:1.8, Medium Velocity

,EST NO. 284 PROPELLANT WT. 2 5 0 0 0 
LB

'• ,,•TRACE
_ PRESSURE INP ULSES'; STAT1ION CGiA HACTIR [ S T IC

12,. _____ 15- 1 1 __ARK__

•"NUMBER PSI %YIELD PSI-MSEC %YIEIJ) SHtAPE BASELINE

117 9.2 1.1 - - 7,2 1

127 11 1.3 62 1.6 1 1 15,2

137 12 1.7 62 1.6 1 1i11 ii 3.7. . i ' 34 1.4 i

128 3.4 1.0 35 1_._5_
138 4.2 1.5 37 1.6 1 1
119 1.8 1.2 22 1.7 1 1
129 1.7 1.2 21 1.6 1 1
139 1.9 1.4 23 1.8 5 1
110 0.8 1.0 11 1.5 8 1
120 0.8 0.9 13 1.8 1 I
130 0.9 1.3 13 1.7 8 1
111 0.4 1.0 2 1.9 8 1

121 0.4 1.2 7.4 2.0 1 1

-131] 0.4 1.5 71 1.9 3,5,7 1.

TEST NO. 285 PROPELLANT WT. 25flfIU. LB
FRIACE

'iI '•STATO PRESSURE IMPULSE cIALCEITC
NUMBER YIELD PSI-MSEC % YIELD SHAPE BASELINE

_•117 99 33 - - 7,2 2

___127 -_=_410 42 8,2]!••••137 73 '23 391 38 -74,3 2

i- 118 19 19 249 37 4, 2
.4 128 19 19 209 27 4,2 3
'! 138 25 27 230 32 5,2 1
i,•119 10 '37 146 32 4 2

, 129 9 30 157 35 1 1

110 4.1 35 96 36 4____ 1___120 3.5 25 85 30 8 1•

.. 130 4.1 36 98 -- 364,

121••' T 1.6 29 49,2 7,15 1 i14

13.1 1 .8 36 38 -5 1

1-63
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URS 652-35 AFRPL-TR-68-92

LO / HP-i V CONE INE5MENT- BY- THE-GROUND-SUTRFACE
2.

L/D:1.8, Medium Velocity

TEST NO. 110 PROPELLANT %V-. 200 LB

TRACE
STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS

^7UW WNBER RITAK

0 NB PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 16.8 13 324 17 5 1

4 125 19.7 17 51.7 36 1 1
135 18,7 16 52.0 36 1 2

:,I I 116 8.6 21 30.6 29 1 1
120 8.2 19 34.4 11?,44 1 1

136 8.0 19 30.5 29 1 1
11'7 2 21 18.3 30 1 1
127 3.2 19 20.9 38 1 1

137 3.2 19 11i.77 29 1 1 4

r. 128 9

138 9
•,.119 __ _ __ _ _ _ _ _9S• 19129 --_---__ ____ 99

:,TEST NO. 141 PROPELLANT WT. 200 LB
S~TRACE

STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS
PSI . YIELD) PSI -MSEC , YIELD SHAPE BASELINE

11 5 7.5 3.6 17.0 5.5 4(5) 1
•125 S_5 4,6 I 0-8 7._8 4ý 1

Vi 135 7.5 3.7 I 18.3 6.3 4 2116 3.3 3.7{ 10.3 5.4 4(5) 2

126 3,5 4.2 - - 5 2

136 - - 11.4 6.2 10(4) 2
117 1.5 3.9 5.8 5.5 4(5) 1

_127 1.7 4.8 5°2 5,1 5 1

•,:•1l37 .... 9

118 9

S138 9

119 __9

129 9

1-64
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URS 652-35 AFRPL-TR-68-92

LO 2 /RP-1 V CONFINEMENT-BY-THE-GROUND-SURFACE

L/D:1.8, High Velocity

TEST NO. 205 PROPELLANT . 200 LB

STATION PRESSURE IMPULSE TRACESTTO THRACTERIT
. CHRACER IS T CS REMARKS

NUMABER--
N E PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

. ... 115 32.5 35 63.0 50 1 1 _______

125 34.4 39 68.6 58 1(12) 211_2._5630 5 11_
135 31.8 34 55.5 41 1(12) 2
116 12.4 38 41.9 48 1(5) 2• 126 11. 9 35 39.4 43 I() 3

136 _1-2,0 36 44.1 53 13

117 4.7 40 25. 7 50 1 1
127 4.8 41 24.9 49 4(5) 3 o
137 4.8 42 24.5 49 1 1

_118 .... _- _- 9
128 2.1 43 14.1 48 4(5) 1
138 1.8 30 12.8 42 6(5) 1
119 9

129 9
139 9

TEST NO. 206 PROPELLANT WT. 200 LB

-RSSR IMUS TRACE
STATION PRSSURE IMULSE CHARACTERISTICS

REMARKSNUMBER PSI % YIELD PSI-IMSEC % YIELD SHAPE BASELINE

i• '•115 -- 6,4,7 2k 12.5 .... 6,4,7 2i135_ - - - 6,4,7 2_

116 - - 65.6 102 6,4 2
126 - 1 65.5 100 4(6) 2[ 136 17.8 66 71.0 115 4 2
117 5.5 - 39.6 98 4 1
127 .5 - 40.0 100 4 2

6.3 68 37.7 91 1(4) 1
4_1 2.9 85 24.4 108 6 19

138 J __.• _ 84 22.0 94 6 1 9

119 I _ _ _ _ _ _ _9

12916
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UIIS 652-35 AFRPL-TR-68-92

LO2 /RP-1 V CONFINEMENT-BY-THE-GROUND-SURFACE

L/D:1.8, High Velocity

TEST NO. 207 PROPELLANT IT- 200 LB

TRACE
STATION CHARACTERISTICS REMARKS
NUMBER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 27.9 28 52.3 36 1 !
125 29.3 31 50.2 34 1(4) - 2

135 29.1 30 52.4 37 12(4) 2
116 10.5 29 36.2 38 1(5) 1
126 10. .. 26 34.4 34 12(5) 1
136 10.3 2S 39.3 43 1 1

nv117 -3.7 28 20.4 35 8 -1

127 3.9 30 20,,8 37 4(5) 1

137 4.0 31. 20.8 37 5 1
118 9
128 1.7 .29 12.2 39 5(4) 1

138 1.9 37 1.4.3 49 5(4) 1
119 9
129 9
139 9

TEST NO. 2- PROPELANT WT 200 LB

PRESSURE IMPULSE TRACE

STATION CHARACTERISTICS REMARKS
NUMER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 17.2 14 58.7 44 4,7 1 12
125 1241 23 64.3 52 4 1
135 18,5 16 59.9 46 4,5 3
116 10.5 29 44.1 53 4(5) 3
126 19_2 36 51.1 67 4 3
136 10.1 27 39.6 44 4(5) 1
117 6 3 70 27.8 57 4 3
127 4.2 35 28.4 59 54) 3
137 3-9 30 28.6 60 4,5 1
118 2.6 72 17,3 66 5(4) 2
128 2,-1 57 17.4 b7 5(4) 1
138 2. 45 - - 4(5) 2
119 1..,4 92 12.8 95 9 1
129 I 1:; 73 10. 7 73 4(5) 1

X 1.0 51 9.5 62 5(4) 1
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URS 652-35 AFRPL-TR--68-92

LO2 /RP-I V CONFINEMENT-BY-THE-GROUND-SUIFACE

L/D:l.8, High Velocity, Reversed Propellant Orientation

TEST NO. 107 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE

STATION CHlARACTERISTICS REMARKS

NUMBER
PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 18.0 15 42.2 25 1(5) 1
125 23.0 22 44.8 28 1 1
135 22.4 21 42.9 26 1 2
116 9.2 23 31.2 30 1 1
126 9.5 24 33.3 33 1 1
136 10.1. 27 31.0 29 1 1
117 3.8 29 18.1 30 1 2
127 4,i 31 18.1 30 1 1
137 3.7 26 16.2 26 _1 1 4
1189
128 9

138 9
119 _- 9
129 .. 9
139 9

5-

TEST NO. 142 PROPELLANT WT. 200 LB

PRESSURE I MPULSETRC
STATION CIIArYACTER ISTICS

NUBE REMARKS
NUMBER PSI % YIELD PSI-MSEC HVIELD SAPE BASELINE

115 16.8 13 28.1 13 1(5) 1
125 12.8 9 29.4 14 1
135 15.3 12 28.4 13 i 1
116 6.5 13 19.3 15 1(4) 1
126 6.0 11 19.6 14 1(4) 1
13 _136 6.3 12 18.9 13 1(5) i

*117 2.7 15 10.9 14 1 1
127 2.6 13 10.4 13 1 1
137 2.7 14 9.8 12 14
118 9
128 9
138 , 9
119 -- 9F 139 9
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URS 652-35 AFRPL-TR-6 8-92

LO 2 /RP-I V CONFINEMENT-BY-THE-GROUND-SURFACE

LiD:1.8, High Velocity

TEST NO. 190 PROPELLANT WT. 1000 LB

-PRESSURE ITPULSE RACE
- STATION CHARACTERISTICS REMARKS

NUMBER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 - - - - 4 1
125 154 53 422.8 305 3(7) 1
135 103.4 32 - - 3(4) 1 3
116 60.6 73 153 84 6,J1 2
126 48.4. 52 124.2 60 lo.,n46 1

136 39.6 41 124.2 61 4 3
117 19.0 82 80.7 62 6.7.3 2
127 14.8 57 11.9.7 120 614 2
137 18.2 77 111 105 4 2
118 6.7 81 68.6 101 4 2
128 6.3 74 74.9 119 4 2
138 6.2 72 78.3 128 4 2,3_
119 __9

.•:129 9 .

fr 139 9

TEST NO. 269A PROPELLANT WTr. 1000 LB TRC

STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS
NUMBER
___ PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 71.4 20 136 36 3 1
125 82.8 25 160 48 12 1

135 55.7 15 186 62 3,12 1
"116 25.9 23 97,5 40 5,3 1

126 32.5 31 87.6 33 4,12 3
136 25.7 22 103 44 1(5) 1
117 i1,1 36 63.3 41 12.5(4) 1 _

127 10.2 32 65.4 44 4 1

137 - - - 11(3) 1 2
118 4.7 45 40.3 44 1 1 _._

128 4.5 40 38.1 41 1(3) 1
138 4.7 44 40.4 44 1(3) 1
119 2.1 44 25,1 49 5 i3,11 i
129 2.1 45 23.9 46 11 1

139 2.0 41 22.4 42 11,3 1

1-68
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URS 652-35 AFRPL-TR-638-92

LO,2/'RP-1 V CONFINEMENT-BY-THE-GROU!ND-SURFACE

A I/D:5, Low Velocity, Reversed Propellant Orientation

TEST NO. 098 PROPELLANT WT. 200 LB

TRACE

STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS

NUMBER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 14.2 10 28.6 13 1 1

125 13.6 10 32.4 16 1 2 .

135 17.1 14 29.3 14 1 2

116 6.7 13 19.3 14 1 1 ..

126 6.1 11 21.6 16 1 1

136 6.5 13 20.0 14 1 1
117 2.8 15 11.6 16 1 1

127 2.6 13 11.7 16 1 1

137 2.6 14 10.3 14 1 4

118 9

128 9

138 _ 9
119 9

129 9

139 9

TEST NO. 154 PROPELLANT WT. 200 LB

U ITRACE
STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS

' • NUMBER
SPSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 13.0 9.0 31.2 15 1(5) 1
125 15.1 12 33.5 17 1(5) 1

135 15.9 12 - - .12 2

116 9.0 13 22.9 18 1(4) 1

126 11.0 13 22.5 17 1(5) 1

136 10.3 12 24.7 20 1(4) 1
117 5.7 19 13.2 19 1 1 -

127 2.8 15 12.9 18 4(5) 1 10

137 - - 14.2 21 4 1 4,3

118 9

128 
9

138

129 _-49

139 9
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URS 652-35 AFRPL-TR-68-92

LO 2/RP-1 V CONFINEMENT-BY-THE-GROUND-SURFACE

LT/D:5, Low Velocity, Reversed Propellant Orientation

TEST NO. 099 PROPELLANT WT. 200 LB
TRACE

PRESSURE IMPULSETRC
STATION CHARACTERISTICS REMARKS

NUMBER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 21.3 19 39.4 22 1(5) 1
125 19.5 17 40.5 24 1 2
135 17.1 14 39.4 22 1(5) 2
116 8.4 20 26.8 23 1 1
126 8.4 19 29.2 26 1
136 8.7 21 29.7 27 1 2
117 3.6 25 15.8 24 1 1

127 3.2 19 16.2 25 1 • 1
137 - - - - 10,3. 2 10
118 9
128 9

138 
9

119 9
129 9

139 9
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URS 652-35 AFRPL-TR-98-92

LO /RP-1 V CO \FIN MENT-BY-7IE-GROUND-SURFACE
2

L/D:5, High Velocity, Reversed Propellant Orientation

TEST NO. 109 PROPELLANT WT. 200 LB

STATION PRESSURE IMPULSE TRACE
ST CHARACTERISTICS REMARKS

NUMBER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 10.2 6.2 22.3 8.7 5 1
125 13.4 9.7 25.4 11 1 1
135 12.4 8.6 24.0 9.q 1. 2
116 5.7 10 16.2 II 1 1
126 5.4 8.9 17,2 12 1 1
136 5.7 10 17.4 12 _ 1 1 _

117 2.2 .7 8.6 -10 1 1

127 2.3 10 9.0 11 1 1
137 2-4 10 8.4 9.5 1 1 4

118 9
128 9

138 9
119 9
129 9

139 9

V
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URS 652-35 AFRPL-TR-68-92

LO 2/RP-1 V CONFINEMENT-BY-THE-GROUhND-SURFACE

L/D:5.1, High Velocity, Reversed Propellant Orientation

TEST NO. 108 PROPELLANT WT. 200 LB

TRACE

STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS
NUJMBER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 ..
125 20.2 18 49.4 33 1 2

135 20.2 18 43.3 16 1 2

116 ii.8 35 32.6 32 1 1

126 10-7 :0 35.0 35 1 1
.36 9.5 25 34.2 34 1 1

117 4.0 30 17.2 28 1 1

127 4A. 35 19.3 33 1 1

137 4.0 31 17.8 28 1 1 4
118 _ _ _ _ _ _ _ _ _ _ _ 9

128 9

138 9

119 _9

129 9

139 _ 9
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URS 652-35 AFRPL-TR-68--92

GROUP 5

LO2 /iRP-I CONFINEMENT-BY-TWE-GROUND-SURFACE- HORIZONTAL
(All tests 200-lb Propellant Weight)

[PROPELLANTIVELOCITY PROPELLANT TEST TERMINAL I'ST PROP. 2ND PROP.

I TYPE RANGE* ORIENTATION NO. YIELD TO T O
(%) 2N) PROP. IGNITION

121 30 ** 184
122 28 388 139

No rma 1 123 25 362 53Low

23 ft/sec 176 65 468 374

177 30 111 203

LO /RP- 1Rev.c' ed 155 55 314 202

2 156 63 182 230

124 5 23H 0

125 52 142 76

78 ft/-ec Normal 127 -.42 510 55
140 -, 12 420 10
179 12 787 23

Velocity shown for top proipellant only. Bottom prc,peLlaot velocity -12
ft/sec fov all tests.

RP-1 on ground at start of film.

1-73
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URS 652-35 AFRPL-TR-68.-92

LO 2/RP-I H CONFINEMENT-BY-THE-GROUND-SURFACE

L/D:1.8, Low Velocity

TEST NO. 121 PROPELLANT WT. 200 LB

TRACE:: • • PRESSURE IMPULSE TLC
STATION P CHARACTERISTICS REMARKS

UPSIMR % YIELD PSI-MSEC % YIELD SHAPE BASELINE

-• 115 - - 47.0 30 4(5) 1

__ 125 18.9 16 37.2 21 1(4) 1
135 18.0 15 43.5 27 1(4) 1
116 7.4 16 29.2 27 4 1 _

126 7.5 16 28.6 26 1(4) 1
136 6.8 14 33.7 33 1(4) 1
117 4.1 32 17.2 28 1(4) 1 1
127 - - 17.1 28 4 1
137 3.9 30 18.8 32 1(4) 1 4
118 9
128 9
138 __|9
1i9 9
129 9
139 9

TEST NO. 122 PROPELLANT WT. 200 LB

TRACEi-•PRESSURE IMPULSE
STATION CHARACTERISTICS REMARKS, m ' ~~~NUMBE R -' AK
NB PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 - - 44.4 27 4(5) 1 _ _

125 16.9 14 40.9 24 1(5) 1m
135 18- - 3 2 3

116 - - - - 3 1 10
126 9.1 22 31.2 28 1(5) 1 _ _

136 9,0 22 28.9 26 1(5) 1i
117 .8 28 16-5 27 1 1 "__ _-"

127 4.0 30 17.9 30 1(5) 1 /
137 37 26 17.1 (0) 1 4
118 9

128 .. 9_ 9 ;_,.,
119 9___---_

1389 9,_._ _

1-74
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URS 652-35 AFRPL-TR-68- 92

LO 2/RP- H CONFINEMENT-BY-THE- GROUND- SURFACE

L/D:1.8, Low Velocity

TEST NO, 123 PROPELLANT WT. 200 LB

TRACE

STATION PRESSURE IMPULSE TRACE

NUMBER PSI YIEUI)D PSI-MSEC % YIELD SHAPE BASELINE E

115 - - 48.1 32 4- 1
125 21.3 19 51.4 36 4(5) 1
135 27.3 27 - - 4 2 3
116 .... 4 1 10
126 7.9 18 35.9 37 4 (1) 1
136 9.6 25 35.8 37 4(5) 1
117 3.9 29 18.8 32 1
127 3.9 29 21.3 38 4(5) 1 I
137 4.0 30 20.5 36 4 1(10) 4
118 9
128 9
138 9
119 9
129 " " _ 9
139 _ 9

TEST NO. 176 PROPELLANT WT. 200 LB

STATION PRESSURE IMPULSE IRACE REMARKS

NUTATRON CHARACTERISTICS REAKNUMBER " EAK

PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 .... 6(4) 2
125 .... •(L 2
135 ... 6(4) 2 3
116 13.1 41 57.9 83 6(4) 2
126 - - - - 6(4) 2 3

136 12.7 39 59.2 85 12 (4) 2
117 - - 33.8 76 4(5) 1
127 5.5 54 - - 4(5) 1
137 5.6 56 32.9 73 4(5) 2- 2
118 9
128 9
138 9
119 9
129 9
139 9

1-75
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URS 652-35 AFRP`-TR-68-92

"LO2 /RP-1 H CONFINEMENT-BY-TI-E-GROUND-SURFACE

L/D:1.8, Low Velocity

TEST NO. 177 PROPELLANT WT. 200 LB
• ' I TRACE"TTO PRESSURE Iu',ULSE

STATION CHARACTERISTICS REMARKS
.%NUMBER PSI ,c YIELD PSI-MSEC % YIELD SHAPE BASELINE

I 115 25.4 24 49,1 33 4(5) 1 3

125 23.1 22 50.4 34 4(5) 2
135 1.- - - - 0(4) 2 3
116 - - 31.7 30 10(4) 1

S126 8.8 21 - - 4(12) 1
136 .... 4(5) 1 -

1;3.517 3 24 19.4 33 4(5) 1
-r 127 24 20,5 36 4(5) 1

137 3.7 26 20.3 35 4(5) 1
118 9
138 "" 9

119 9
129 9

PIK

FA-

1- 7
1- 76
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URS 652-35 AFRPL- TR-68-92

"LO /RP-1 H CONFI NEMENT-BY-THE-GROUND--SURFACE
2J

L/D:1.8, Low Velocity, Reversed Propellant Orientation

* TEST NO. 155 PROPELLANT 1•.. 200 LB

'TRACE
... :STATION PSUIUECHARACTERISTICS REMARKS

'- • NU11LBER
PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 - - 63.2 51 4 1
125 37.5 43 60.4 47 4 2 !
135 31.5 34 - - 4 2 !
116 11.3 33 44.4 54 4 4

- 126 10.2 27 42.8 50 -. 4 1
136 12.0 36 46.0 56 4 1
117 5.5 56 27.3 56 4(10) 1
127 6.0 b: 25.5 50 4(5) 1
137 5.5 54 26.9 54 4(10) 1

S118 __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _

128 9
S138

119 9
", .,129 _._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 9

139 9

TEST NO. 156 PROPELLANT WT. 200 LB

" •-7• TAT ON PRESSURE IMPULSE TRACE

STATION CHARACTERISTICS
PINUMBER Y IELD PSI-MSEC % YIELD SHAPE BASELINE

115 28,7 29 69.5 58 4 1

_125 42.2 51 76.4 70 4 2 __

135 30.0 32 64.3 52 4(7) 2
116 15.5 53 44.9 54 6 1
126 11.3 32 48.7 60 4 1

136 31.1 41 46.2 57 4 1 _______

117 6.4 71 29.5 62 4(10) 1
127 5.2 50 30.0 63 4(10) 1
137 6.1 66 30.9 66 4(5) 1 4
118 9
128 ..... ... 9
138 ____________9

119 9
129 9

139 .... 1-77
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UPRS 652-35 AFRPL-TR-68-92

LO /RP-1 H CONFINEMENT-BY-TIlE-GROUND-SURFACE
2

LID:l.8, High Velocity

TEST NO. 124 PROPELLANT WT. -290)LB

PRSR TRACE
I STATION PRESSURE IMPULSE CHAPACTERISTiCS

REMARKSNUMBERUPSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 6.8 3.2 17.4 5.8 1(4) 2
125 6.4 2.8 19.1 7. 2 1 1
135 6.5 2.9 - - 1(8) 2 3
116 - - - 1(4) 2 10
126 3.0 3-0 .9" 7 1 2
136 - _ - 13.0 7.9 4(5) 2 i
117 1-3 2.7 6.1 5.9 1(11. 2
127 1.3 2.9 6.2 . 5,9 1(10) 1
137 . 7. 1 2 4
118 9 7

128 9
138 9
119 9
129 9

ST O R9

TEST NO. 125 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACES TAT ION PSSUEMULE CHARACTER ISTI CS
NUMBERREMARKS

PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 - - 65.7 53 1(4) 1
125 34.0 3" 62.8 51 1(4) 2
135 37.0 42 65.9 54 1(4) 2
116 - - - 1.7 1 10
126 12.6 37 45.6 55 1(5) 1
136 13.8 44 50.5 66 4(5) 1
117 5,3 52 23.8 46 1 1
127 - - - 5(11) 1
137 5.3 52 28.2 59 4(10) 1 4

128 _ _9
S138 9
=119 9

A 11- 8



'_i .URS 652-35 AFR.L-TR-68-92 :

LO /RP-1 H CONFINEMENT-B3Y-TEE-GROUND-SURFACE R

2

L/D:1.8, High Velocity

TEST NO. 127 PROPELLANT WT. 200 LB

TRACESTATION PRESSURE IMPULSE TRACE
__TAT__N CHARACTERISTICS RERS

NUMBER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 26.1 26 60.2 44 5 2
125 24.9 24 57.8 44 4(5) 1
135 - - - - 1i12 1 3
116 - - - 1 1 10
126 11j 33 42-5 49 1 (4) 1
136 12.2 37 40.1 45 4(5) 1
117 4-4 36 21.6 39 104) 1
127 4.5 33 2.5-6 5 1
137 4.7 42 24.3 47 1(4) 1 4
118 9

128 9
138 9
119 _)
129 _ 9
139 9

TEST NO. 140 PROPELLANT WT. 200 LB

TRACE
PRESSURE IMPULSE

STATION CHARACTERISTICS REMARKS
NUMBER PSI % YIELD PSI-MSEC T% YIELD SHAPE BASELINE

115 14.6 11 30.2 14 4(5) 2

135 12.7 8.8 - - 4(5) 2
116 6.0 11 20.0 15 1(4) 2
126 6.0 11 19.7 14 1(4) 2
136 6.0 11 21.5 16 1 1117 2.4 11 108 14 1(4) 1

127 2.7 14 11.2 15 1(5) 1
137 2.6 13 10.7 14 1(4) 1 4
118 9
128 ., 9
138 9

119 9
129 9

1391 9

1-79j



URS 652-35 AFRPL-TR-68-92

LO2 /RP-1 H CONFINENENT-BY-THE-GROUND--SURFACE

L/D:1.8, High Velocity

TEST NO. 179 PROPELLANT WT. 200 LB

TRACE
Ah PRESSURE IMPULSESTATION CHARACTERISTICS

PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 13.2 9.2 26.9 12 4(5) 1
125 12.7 9.0 27.7 12 1(4) 1 3
135 - - - - 3 2.3 3
116 - - - - 10(11) 1
126 5.0 7.9 17.3 12 11(5) 1
136 5.3 8.9 17.9 12 11(5) 1
117 2.6 13 1A.3 13 4(5) 1
127 2.4 11 10.3 13 4(5) 1
137 2.5 12 10.3 13 4(5) 1 4
118 9
128 ____ ____ ____ ____

138 9
119 _ 9
129 . 9
139 -_9

-

1-80
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I URS 652-35 AFRPL-TR-68-92

5~

GROUP 6

LO 2/RP-1 HIGH-VELOCITY-IMPACT TESTS

TARGET PROPELLANT IMPACT TERMINAL
WEIGHT VELOCITY TEST YIELD

TYPE (ib) ft/sec NO.

FJ•at200 526 075 21SL•" Flat

OWlT 200 523 077 20

200 523 076 57
Deep

-• "] Holie
Hole 200 518 07T 77

4lt-

1-81
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URS 652-3"5 AFRPL-TR-68-92

LO 2/RP-I HIGH-VELOCITY-IMPACT

L/D:1.8, Flat Wall

TEST NO. 75 PROPELLANT AT. 200 LB

PRESSURE IMPULSE TRACE
STATION CHARACTERISTICSNUMBER REMARKS

PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

145 9

165 9
175 9
146 11,9 28 39.4 47 12 1
166 6,4 11 29.1 29 12 1
176 9
147 3.9 26 16.9 27 12 1
167 3.0 16 13.9 20 12 1

- 177 2.4 10 9.1 10 12 I
148 1.6 25 9.1 22 12 1
168 1,3 15 7.8 18 12 1
178 1.2 12 5.3 9 12 1
149 0-8 __2u 6.1 28 8(12) 1
169 0.6 14 4.5 16 3 1.
179 0,b 13 3.6 11 3 1

TEST NO. 77 PROPELLANT WT. 200 LB

STATIONE IMPULSE TRACE
STATION CHARACTERISTICS• REMARKS

PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

145 9
165 1 9
175 9
146 7.7/5.5 16 33.8 37 12,4 1 12
166 4.1/3.9 6.0 21.0 17 12,4 1 12
176 9
147 2.9/2.5 16 16.4 26 12,4 1 12
167 1.9/2.0 6.0 13.1 17 1 12 4 1 12
177 1.7/0.7 4.0 10.5 12 10.12.4 1 12

148 1.2/1.1 13 9.0 22 4(12) 1 12
168 O o9/O.9 7 . 7.5 17 4 1 12
178 1.0/0.5 8.0 6.4 13 12.4 1 12

. .149 0.6/0,8 27 5 8 26 4 1 12
1.Ew.& 1 1 I 4 . . 14 1, 12 2

F 179 '0.5/0.3 8.0 4,0 13 I 84 1 12

1-82
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URS 652-35 AFRPL-TR-68-92 ,

LO /RP-1 HIGH-VELOCITY-IMPACT

L/D:1.8, Deep Hole

TEST NO. 76 PROPELLANT WT. 200 LB

STATION PRESSURE IMPULSE TRACE

STATBON CHARACTERISTICS EMARKS
PSI % YIELD PSI-MSEC % YIELD SPAPE BASELINE

145 9
165 9
175 9
146 37.2 119 78.4 131 12 1
1 .2 17 39-5 46 12(4) 1
176 9
147 7.0 71 37 ..4 94 12 1
167 4.5 32 23-7 45 12 1
177 2.0 7.0 17.6 29 4 1

148 2.6 66 20.8 82 12 1
168 2.0 36 13.7 43 12 1

178 0.9 7.0 11,. 30 4 1
149 1-3 85 13-9 93 81

169 0.9 Q4 8,9 46 3 1
179 0.6 11 6,3 27 4 1

AT

TEST NO, 78 PROPELLANT Wr. 900 LB

TRACESTATION PRESSURE IMPULSE TRACE
_______ CHARACTERISTICS EAS

NUMBERiNUM E PSI % YIELD PSI-MSEC % YIELD SHAPE IBASELINE

145 _9
165 _____ _ _ _ _ ____ _____9

175 __________9

146 25.1 76 82.2 143 12 1
166 7.5 15 39.8 46 12(4) 1_ ,.
176 9
147 7.5 79 42.5 117 12.3 1 1
167 4.1 28 24.9 47 12(4) 1

177 2.0 7.0 15.5 23 12,4 1
1 148. 2-8 76 21.2-..F 87 3 1

8 18 32 16.0 54 4 1 _

1.2 13 11.88 32 1214 1
12 114•5 106 8 1

69 ,,l 52 9.2 49 3 1

179 0.7 19 7.5 34 4,8

1-83
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URS 652-35 AFRPL-TR-68-92

GROUP 7

LO 2/LH2 CONFINEMENT-BY-THE-MISSILE TESTS

PROPELLANT TERMINAL IGNITION

L/D D /Dt WEIGHT NO. YIELD TIME
(ib) NO) (msec)

050 86 180

1 200 051 22 80

093 34 147

053 4 1

090 29 35 sec

091 13 0
200 118 20 82

199 8 816

200 17 417

Partial 167 24 8.74 sec
1.8 0.45 Full* 172 35 770

210 7 20
212 27 1366
213 3b 708

265 10 750

277 0.2 31

25000 279 0.2 33

281 0.1 -

052 7 83

200 057 1 12

092 26 3 min

054 6 17

0.45 200 055 1 1

094 25 329

138 17 100

Tank contained '133 lb propellant.

1-84
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URS 652-35 AFRPI,-TR-68-92

LO 2/LH CONFINEMENT-BY-THE-MISSILE2 2
L/D:l.8, D /D :1

TEST NO. 050 PROPELLANT WT. 200 LB

PRESSRE IMULSETRACE

STATION PRESSURE I vlULSE CHARACTERISTICS REMARKS
NUMBER PSI YIELD PSI-MSEC % ELD SHAPE BASELINE

115 32 }o105 10(5) 1
125 - 33 - 100 2(4) 1
135 30 82 7 2
116 - -__ __ 2 2

126 16-2 58 72 118 10(2) 1
136 17.5 72 6(10)(7 2
117 7. 47.8 5(2) 2 -
127 - 72 . 100 5 1 2
137 6.0 39.8 3-I. 21-
118 9
128 9

*138 __ _ _ _ ____ _ _ _ _ _ _ _ _ _ _!__ _ __ _ _ _ _ _

119 9
129 9
139 _ _.___9

TEST NO. 051 PROPELLANT WT. 200 LB

PRE S SURE I MP ULSE TRC

STATION CHARACTERISTICS
NUMBER

PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 11.3 40.6 1 5) i
125 14,4 8.4 41.0 24 5(2)
135 12.0 39.3 _11(5) 1
116 7-8 __31 .3 1(5) 1
126 6.4 2 5 25_1 211i0

136 .L 25-5_5_i

I137 3.1 1s 16.6 215 8(2) 1__I117 -____ --___ 1- - - - 9-i
118 ,.9
128 9
138 L

1-85
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URS 652-35 AFRPL-TR-68-92

LO 2LH CONFINEMENT-BY-TH-E-MISSILE
2 2

L/D:1.8, D /D :1

'EST NO. 093 PROPELLANT WT. 200 LB

PRESSRE IMULSETRACE

STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS
NUMBER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 22.0 20 66.5 54 1(12) 1

125 21.9 20 53.4 37 1 2
135 - - - 4.3.7 -

116 9.5 24 42.4 49 1(12) 1
126 10.2 27 38.5 42 1 2
136 7.4 16 42.4 48 5.
117 3.6 25 22.4 41 5 2
127 - - - - 5,8,10 2 2

137 3.4 22 24.3 48 ,21 2
118

138

,29

139 ____

.
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"""S 652-35 AFRPL- TR-68-92

LO 2/LH2 CONFINEMENT-BY-THE-MISSILE

L/D:1.8, D /Dt :0.45

TEST NO. 053 PROPELLANT WT. 200 LB

S.... "F LAC E
STATON PRESSURE IIPULSE

STATION_ CHARACTERISTICS REMARKS

NUMBER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

_15 2.8 13.0 11(3) 2
125 1. 8 2 - 3.8 4(10) 1
135 4.6 15,5 9(3) 2

126 ___ i0.7 _3(2) 1
126_2.6 1.9 - 5.6 3(9)(4) 2
136 2.3 1.0.9 4(2) 1
117 1.2 | 6.2 11(3) 1

"127 - 2.1 - 6.1 11 2 2
137 1.1 6.1 4(3) 1
138 _9

128 9
13 9

119 9

129 9
, 139 .. 9

TEST NO. 090 PROPELLANT VT. 200 LB

T "TRACE

STATION PRESSURE IMIPULSE CHARACTERIST.CS
NUBE REMARKS

NUBR Psi YIEIAd) PSI-NISEC ?,YIELD StLAPI" BASELINE

115 20.2 17 54.0 38 5 1
:25 ,18.6 16 45.5 29 1 2
135 - - ... . 9

116 7.7 17 24.8 21 3 2
126 7.9 18 24.3 20 1 2
136 7.7 17 26,2 22 1 2

117 - - - -

127 2.8 15 20.0 34 1 2

137 3-7 26 22.5 41 1 1
118 9
128 ._ _ _ _ _ _ _ _ _ _ _ _9

138 9
119 9

139 9..
I 1-87



URS 652-35 AFRPL-TR-68-92

LO 2/LH2 CONFINEMENT-BY-'IE-MISSILE

4 h/D:1.80 D /D :0.45
0 t

TEST NO. 091 PROPELLANT W¶I. 2uO LB

4T TRACE
!!..,. STATION PRE SSURE,, IMULSE CHARACTERISTICS REMARKS

SNUMBER PSI • YIELD PSI-MSEC % YIELD BASELINE

115 10.i 6.1 37.8 21 5 1
125 9.4 5.4 28.9 14 3 2
135 9.7 5J 3. 832 ____

116 46 7 89 23.5 19 4 1
126 45 7.9 23 - - 8 5 218
136 4.3 6.0 25.2 22 5

117 j 1- 4. 27 i 8(5) 1

127 2. 8.0 J.8 20 9
137 - - --

128 9
S9

138 9

129 
9

1 29 
9

139 -.- ,- 9

TEST NO. 118 PROPELLANT W., 200 LB

IýTULE .. TRACE
STATION PRESSURE IMPULSE CHARACTERISTICS RERKSS• NUMLBER

PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 10.6 6.7 47.9 31 1(5) 1 8
125 10.6 6.8 41.2 24 4 1 8
135 11.2 7.2 46.6 30 1 3 8.6
11 5.5 9.5 31.2 29 1 1 8!•126 

5.1 8.2 34,,0 34 418

136 5.4 9.3 35.7 37 1 1 8
117 2,2 9.2 18.2 30 1(4) 1 8
127 2.2 8.9 18.8 32 1(0.0) 1 8
137 2.1 9 179 29 1 1 8

"128 
9

138 _ 9
119 9

1 129• ~139"9

•'• 
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URS 652-35 AFRPL-TR-68-92

I 4

O2 !L2 COI NJETB-TEM L.
L/D:1.8, D/D :0.45

TEST NO. 199 PROPELIANT WT. 200 LB

PRESSURE IMPULSE TRACE
STATION CHARACTERISTICSNUBE REMARKS4 PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 8.0 4.2 26.6 12 1 2
125 7.4 3.1 21.3 8.0 II's 2
135 7.2 3.4 28.9 13 1 2
116 3.5 4.1 10.5 5.5 4(5) 2
126 3.3 3.6 16.4 11 11.8 2

S136 3.5 4.1 19.6 14 5 2
117 0.9 1.3 - 3.4,5 2
127 1.6 4,4 82 9.3 2

, 137 1.5 4.0 7.8 8.6 1(11) 2

128 0.8 5.5 5.6 12 4(5 1
138 0.7 3.2 5.3 12 5 1
119 9
129 9
139 9

TEST NO. 200 PROPELLANT WT 200 LB

PRESSURE IMPULSE TRACESTATION C 'AATRISTI CS
.. REMARKS

NUMBER
PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 10.3 6.2 33.7 18 1o04 5 2
125 8.8 4.9 31.9 16 1(5) 2,3
135 9.9 5.7 41.5 24 1(12) 1
116 3.8 4.9 19,6 14 1 2,3
126 4.4 7.4 22.2 17 1!,4,5 2,3
136 5.1 8.2 20.9 16 1 1
117 .... 10 2 2
127 1.7 4.7 11.6 15 5,4 2

"137 1.4 3.2 9,7 12 5,(4) 1
118 9... ..
128 0.7/0.8 1-I0.7 32 10,4 3

138 0.9 5.8" 8.5 22 5 1
119 ....... 9

129 9
-139 9

1-89
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,,0, G-52,-35 AFRPL-TR-68-92

LO /LH CONFINEMENT-BY-THE-MISSILE
2 2

Partial Full

TEST NO. 167 PROPELLANT WT. 200* LB

PESSURE IMUSTRACE
STATION CHARACTERISTICS RE- .RKS
NUMBER PSI % YIELD PSI-MSEC Y YIELD SHAPE BASELINE

1_ _15 .... 5 T __ _ _ _ __ _ _ _

16 7 18- 1044 2
725 15.6 12 51.9 36 4(5) 2

135 15.5 12 - - 3 23

116 ... 3 2

126- -3 2
136 7.8 18 34.5 35 4 2
117 3.3 21 17.6 29 4(5) 2

127 3.5 24 19.5 33 4(5) 2
137 3.3 21 18.6 31 4 2 4
118 1__ _ _ _ _ _ _ _ _ _ 9
128 9

138 9
119 9

129 9
139 9

TEST NO. 172 PROPELLANT WT. 200* LB

PRESSRE IMULSETRACE

STATION PRESSURE IMPULSE CHARACTERISTICS
NUMBER

PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 22.4 20 53.7 38 4 1
125 23.6 22 - - 4 2

135 ....- 3 2 3

116 10.2 28 39.8 45 4 2 . .
126 ....- 4(7) 2

136 ..... 4(7) 2

117 3.9 30 22,7 42 4(5) 2
127 - - 21,6 39 5 2
137 3.9 30 22.3 41 5 2 4 _

118 9
128 9 "

138 9
119 9
129 9

139 9

Calculations based on this value. Actual propellant weight 133 lb.
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URS 652-35 AFRPL- TR-6 8-92

f
Lo /LH CONFINEMENT-BY-THE-MISSILE

2 2

L/D:1.8, D /D :0.45

TEST NO. 210 PROPELLANT WT. 1000 LB

STATION PRESSURE IMPULSE TRACE

STATBER CHARACTERISTICS REASN UMBER
PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 13.6 1.9 66.2 11 4 2
125 7.4 0.7 59.4 9.1 1(8) 2
135 9.5 1.1 72.8 13 3(4) 1 "
116 5.3 1.7 44.7 11 4 2

126 3.9 1.02 52.1 14 4 2
136 4.3 1.2 46.7 11 4 2 :
117 2.1 1.6 24.6 9.4 4 2.3 " _

127 1,8 1.i 30.6 13 4 2.3
137 2.1 1.6 34.5 16 4 2
118 1.1 2.1 15.9 11 4 2,3
128 1ý0 2.0 15.5 11 4 2,3

138 0.9 1.9 15.6 11 4 2,3
119 9
129 9
139 9

TEST NO. 212 PROPELLANT WT. 1000 LB

STAT ON PRESSURE IMPULSE TRACE

NUMBER REMARKS
PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

A 115 15.6 2.6 - - 3 2,3

125 12,1 1.7 109.0 25 4(8) 3
135 14.2 2.1 109.0 25 4 3
116 5.6 1.9 88.9 34 4 2,3
126 4.8 1.5 67.8 21 4 3
136 5.3 1.7 72.7 24 4 3
117 2-9 3-4 50-2 . 22 4 2,3
S127 2,4 2,3 42,2 22 4 _ 3
137 3 3648 13 4 3 .

118 ... .- 4,5E 2#3I

128 3.6 26 36-t2+ 39 5 2,3
138 3.0 19 35 2,3

S119 9

129 9
139 9
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JURS 652-35 AFRPL-TR-68-92

"LO /LH CONFINEMENT-BY-THE-MISSILE

2 2

L/D:1.8, D /D t 0.45
•0 t

TEST NO. 213 PROPELLANT WT. -- QQLB

TRACE
STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS

•" : •:•" "N UMBE RNUBE PSI YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 54.0 14 127.0 33 4(7) 2,3
125 64.9 18 104.0 24 1(5,4) 2
135 82.8 24 90.1 18 1(12) 3
116 19.7 16 78.7 28 4 5.12 2,3

126 23.4 19 80.6 29 12.5 2,3
136 25.0 21 68.5 22 1 (5 - 2.3

.F 117 7.5 19 59.7 38 4(5) 2_3
127 7.4 18 59.8 38 4(5) 2.3
137 9.3 27 53.2 31 4 2,3
118 3.1 20 31.7 32 5 2,3
128 3.6 27 34.8 37 5(11) 2,3 .4 138 3.0 18 40.3 46 5 2,3
S119 .- 3 2.3

-129 1.7 28 23.5 47 42,3
139 i.5 21 22.2 43 4 ]2,3 _

TEST NO. 265 PROPELLANT WT. _Q._9 LB

PRSUE MUS TRACE
-k STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS
0NUMBER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

£4• 115 11.5 1.. 40.3 4.6 4(5) 2
125 12.0 1.6 38.5 4.3 8(12) 1
135 17.8 3.0 97.4 21 12 1
116 6.9 2.8 53.0 14 4(5) 2
126 5,6 1,9 36.8 7.7 4 1
136 5,4 1-9 84,8 32 12(5) 1
117 2.9 1..-4 36 .- 9 1.8 12.4 2 _

127 2.2 1.8 33.9 15 12,4 1
137 0.7 - - - 12.8 1 9 .
118 1.4 3.9 18.7 15 4 2
128 1.6 4-7 21.8 18 4 1 1
138 1.3 3.2 20.7 17 8(4) 1
119 0.7 3.6 10.9 15 4 1.

129 Q...~11L- 4 ___1__

139 0.7 4.1 11.2 J16d 4 1 _______
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URS 652-35 AFRPL-TR-68-92

LO 2/LH2 CONFINEMENT-BY-THE -MI SSILE

L/D:1.8, D /D :0.45

- 0 t

"TEST NO. 277 PROPELLANT WT.25000 LB

PRESSURE IMPULSE TRCE
STATION CHARACTERI STICS REMARKS
NUMBER YLI) PSI-MSEC % YIELD SHAPE BASELINE

117 2.9 0,1 16 0.2 1 1 2,15

127 3.7 0.2 20 0.3 7 1 2,15
137 2.2 0.1 27 0.4 1 1 2,15
118 1.1 0.1 10 0.2 1 1 2,15
128 1.0 1.1 9 0.2 1 1 2.15
"138 0.7 0.03 7.8 0.2 11 1 2,15
119 0.6 0.1 5.9 0.3 1 1 2.15
129 0.6 0.1 5.4 0.2 1 1 2.15
139 0.4 0.03 5.5 0.2 1 1 2,15
110 0.3 0.1 4.0 0.3 8,4 1 2,15
120 0 0.2 2.1 0.1 1 1 2.15
130 0.03 0.1 3.1 0.2 3 1 2,15

_ _ 0.1 0.1 17 0.2 9 1 2 15
121 0.2 0,3 1.7 0.2 1 1 2,15
131 0.1 0.1 1.9 0.2 11 1 2,15

TEST NO. 279 PROPELLANT W•'. 25000 LB

TRACE
STATION PRESSURE I WULSE CHARACTERISTICS RLEMARKS
NUMBER

PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

117
127
137
118
128
138

119 1 2 2,15
129 1 2 2,15

110 0.,2 0.06 2.8 0.2 5 2 2,15

120 0.2 0,04 2.8 0.2 8 2 2±15
130 0.2 0.05 2.7 0.2 1 2 2,15
1il 0,I 0,1 2.6 0.4. 9 2 2,15121•,:• • 0.1 0.04 1,6 0.2 1 2 2 1A5

131 0.1 0.08 1.3 0:1 9 2 2,15
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URS 652-35 AFRPL-TR-68-92

LO 2/LH2 CONFINEMENT-BY-THE-MISSILE

L/D:1.8, D /Dt :0.45

TEST NO. 281 PROPELLANT WT. 925•4Q LB

PRESSURE IMlPULSE TRACE
STATNIUON CHARACTERISTICS RdAKNIMARKS,
NUMBER

PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

117 1
127 1
137 1 1 15,2

118 4 1 15,2
128 .. 1 1 15,2
138 4 1 15,2
119 9 .1
129 8 1
139 9 1
110 1 -

120 1 __
130 1 _

il 0.I 0,I 1.4 0 2 9 1
121 0.1 0.1 1j.3 0.I 1 1
131 0.1 0.1 1.8 0.2 9 1
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* I
UR0 652-35 AFRPL-TR-68-92

a
LO 2/LH2 CONFINEMENT-BY-THE-MISSILE

1/D: 5, D /Dt :1

TEST NO. 052 PROPELLANT WT. 200 LB

TRACE
-PRESS URE I MPULSETRC

FTATION , ELCHARACTERISTICS REMARKS
'UMBFR PSI % YIELD PSI-M$EC % YIELD SHAPE BASELINE

115 6.0 15.4 9 2
125 7.6 3.1 18.6 5.2 2(12) 1
135 7.0 17.4 11(3) 2
116 4,3L _____ 12.4 ____ 1(2) 2 ________

126 4.0 5.8 11.7 6.3 1(2) 1
136 4.4 11.1 10(5) 2
117 1.8 7.8 _ 1 2
127 - 5.2 - 7.8 5 2 2
137 1.7 6.8 5(1) 1 ..

18 .__ 9
128 9
138 9
119 9

129 9
139 9

TEST NO. 057 PROPELLANT WT. 200 LB

PRESSRE IMULSETRACE
STATION PRESSURE IMPULSE CHARA1CTERISTICS- . REMARKS
NUMBER

PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 2,11 6.65 I i(_ _I

125 2.5 0.4 5.2 1.0 11 1
135 2,8 5.1 9(1) 1
1 16 1 .8 4.4 1(2) 1I126 1.4 0.8 4.2 1.5 3(1) 2
S136 184. 1 1

S117 0.8 2.5 1 1

"127 - 1.1 - 1.6 5 2 2
i37 0.9 2 , 1 1
118 9
128 9
138 -9

119 9
129 9

139 9

1-95
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URS 652-35 AFRPL-TR-68-92

LO /LH2 CONFINEMENT-BY-THE-MISS ILE

4I/D:5, Do/Dt :1

TEST NO. 092 PROPELLANT WT. 200 LB

TRACE

STATION PRESSURE CHARACTERISTICSS... .... REMARKS
NUMBER

PSI _ __ YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 6.0/12* 2.5/8.0 21 /52 8.0/35 5/12,3 1 16
125 7.1/12 3.4/7.7 18 /44 6.3/26 11/3 2 16
135 7.5/12 3.8/7.8 20 /44 1/26 11/3 2 16

116 .3.0/6.6 3.1/14 13 /32 7.1/30 7/7,10,8 2 . . 16
126 3.4J8.0 3.9/18 11 /34 6.1/34 11/3 2 16
136 3.0/8.3 3.1/20 13 /38 7.9/42 11/10.3 2 16

117 1.3/2.9 2.7/16 5.7/19 5 5/33 7,8/11 2 16
127 1.5/2.9 3.6/16 6.0/21 5.8/36 7/11 2 16
_137 1_.4_3. 5_ 3.3/23 6.3/23_ _ 6.3/42 11/11 1 16

128 9

138 9
119 9
129 9
139 9

IsI

4

This test produced a double shock in which the trace produced by the primary
shock had essentially returned to zero before the arrival of the second

shock.
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URS 652-35 AFRPL-TR-68-92

LO2 /LH2 CONFI NEMIENT-BY-ThE-MI SS ILE

L/D:5, Do/D :0.45
0 t

TEST NO. 054 PROPELLANT WT. 200 LB ".

TRACEPRESSURE IMPULSE
STATION P S CHARACTERISTICS REMARKS
NUMNBER PSI '1 YIELD PSI-MSEC % YIELD SHAPE BASELINE

125 4.3 1.3 20.2 6.7 11(2) 1
135 - - 11(7)1(4 2

1 16 2.9 13,3 5010) 1126 29 28 139 80 2 1

136 2 9 14.4 5(2) 1 _ ".

117 1.5 84 3 2 1
127 - 6 - 8,9 5 L1 2
137 1.4 7,9_ 2 1
118 9

138 9
119 9
129 9
139 9

TEST NO. 055 PROPELLANT WT. 200 LB

TRACE
STATION PRESSURE IMPULSE CHARACTERISTICS
NUMBER PSI YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 2.2 5.2 11 1
125 2.6 0.5 5.3 0.9 10(2) 1
135 3.1 [ 6.0- 9 1

116 2.0 _ _ 4.5 1(2) 1
126 1.7 1.0 4.3 1.4 1 1

136 1.8 3.8 1 1
117 1.0 2.7 1 1
127 - 1.3 -- 1 .5 5 1

137 o. 9_ 2.1 1 1
118 9
128 9
138 9
119 9
129 9
139 9
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URS 652-35 AFRPL-TR-68-92

LO 2/LH2 CONFINEMENT-BY-THE-MISSILE

L!D:5, D! /D :0.45

at

'TEST NO. 094 PROPELLANT WT. 200 LB

TRACE:::•PRESSURE IMPULSE
STATION PESSCHARACTERISTICS REMARKS

NUMBER
PSI % YIELD PSI-ISEC % YIELD SHAPE BASELINE

.15 21.6 19 51.0 35 5(12) 1

125 23.2 22 48.7 32 1 2

135 29.5 31 51.4 35 1 2

116 7.6 17 31.3 30 1 1
126 - - - 4 1 5
136 9.3 24 34.3 95 1 2

117 3.0 18 17.3 28 1 1

127 2.9 16 18.5 31 1 1
137 3.2 21 19.5 33 1 1 -- _

198 9
128 - _ -9

138 i 9
119 9
129 9,.,,1.39 9

__ •TEST NO. 13.3 PROPELLANT WT. 200 LB

IPRSSURE IMULSE TRACE
*••• . STATION CHARACTERISTICS REMARKS

NUMER SI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

S115 14.7 I 1 41.6 25 4(5) 2
125 14.3 11 43.1 26 4 2

"135 - - - - 4 2 3

116 - - 26.7 23 4 2 _

126 6,2 12 26.7 22 4 2

136 6.8 14 28,7 26 4 2 "

117 - - 10(5) 2

127 2.3 10 15.6 24 5 1

137 .4 11 4 14 4

128 9

119 9 .

129 -
139 9

1-98
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URS 652-35 AFRPL-TR-68-92

GROUP 8

LO /LH CONFINEMENT-BY-THE-GROUND-SURFACE VERTICAL TESTS
2 2

SVELOCITY PTERMINAL IGNITION

VELOCITY PROPELLANT TEST

L/D WEIGHT YIELD TIME

(ib) RANGE ORIENTATION NO. (msec)

105 7 0

152 14 480
153 14* 121Low Normal
184 17 810

23 ft/sec 201 26 1524
225 34 933

197 19 500

200 203 31 800
204 42 317
229 53 1374
230 21 24

Medium Normal 230 24 25
231 24 525

251 64 775

44 ft/sec 252 38 325
254 32 533

i. 8 211 12 0
217 33 1490

1000 Medium Normal 217 32 90262 42 900

44 ft/sec 264 22 21
266 14 0
288C 13 365

25000 Medium Normal 289 4 166

44 ft/sec 290 4 105
114 54 74
1 50 35 40

200 High Normal 151 46 167
195 104 292

78 ft/sec 226 51 283

215 20 20
1000 High Normal

i _ _ _78 f t;.!see, 216 9 0
104 6 258

Normal 164 4 125

Low 165 8 325
23 ft/sec Reversed 103A 39 208

116 10 18

5 200 Normal 160 32 67

High 161 5 0
113 52 77

78 ft/sec Reversed 11515 93

No impulse because of bad timing.

1-99



- - - -,•-----)

URS 652"-35 AFRPL-TR-68-92

LO /1H V CONFINEMENT-BY-THE-GROUND-SURFACE

L!D:1.8, Low Velocity

STEST NO. 105 PROPELLANT WT, 200 LB

P UT TRACE
STATION PRESSURE IMPULSE CHIARACTERISTICS
NUMBER IRE K

PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 9.3 5.3 19.7 7.0 1 1
125 9.6 5.8 17.8 6.0 1 1
135 10.0 6.2 18.6 6.5 1 1(3)
116 4.5 6.6 13.2 8_0 1 1 _

#m 126 - - -. 9
136 3.8 .7 15.2 1 1

127 1.7 4.7 7.5 80 1 1(8)
137 1. 5.5 7 4-- 8.0118
118 ,_ 9
128 95 138 I 9
119 9

• . ':129 __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 9

139 9

TEST NO. 152 PROPELLANT WT. 200 LB

STAION PRESSURE IKnUULSETRE
STATION_ CHARACTERISTICS RMK

NUBR PSI %YIELD PSI-MSEC %YiELD SHAPE BASELINE

115 13.8 9.9 31.6 16 _?.(5) 1
"125 15.4 12 30.3 15 1(5) 1
135 11.5 7.7 33.0 17 1(4) 1

116 5.9 11 20.8 1; 1 1
ON 126 6.6 12 18.9 13 1 1

136 5.01 8.0 20.9 16 1 1
117 2.6 13 12,9 18 i(10) 1.
127 2., 15 10.6 14 1(5) 1

0"t 137 2.3 9.9 11,3 15 1(4) 1 4

S118 912 _____ ____ _ __________138 9

_._ ._.__,19 9 I__ . 9
119 .- Z.

-1 9

1-100
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URS 652-35 AFRPL-TR-68-92

LO /LH V CONFINEMENT--BY-ThE-GROUND-SURFACE
2 2

I/D:1.8, Low Velocity

TEST NO. 153 PROPELLANT WT. 200 LB

TRACE
-N STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS

NUMBER
PSI % YIELD PSI-MSEC % YIELD SHAPE 1BASELINE

115 15.3 12 - - 4(5) 1 8

125 17.9 15 - - 1(5) 1 8
135 13.3 9.4 - - 7(4). 8

#A0 116 7.2 15 - - 1(5) 1 8
126 7.4 16 - - 1(5) 2 8
136 5.1 8.2 - 1
117 2,4 11 - - 1 1 5

127 2.7 14 - - 1(5) 2 8
137 24 - - 1 1 4,8

118 9

128 9

138 9119 9

129 9j 139 9

TEST NO. 184 PROPELLANT WT. 200 LB

TRACE
STAION PRESSURE IMPULSE CALCEITC EAK

-:NUMBER
.a __PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 - - 32.2 16 4(5) 1
125 14.9 12 35.3 19 1(4) 1

_ 135 - - - - 11 2 3
116 - - - - 11(1o0) 1
126 6.5 12 21.7 16 4(5)
136 7.7 17 25.4 21 11(10) 1
117 2.6 13 12.1 17 11(4) 1
127 3.0 18 12.7 18 11 10,5) 1

137 3.0 17 12.6 18 4(5) 1

128 9

.. 138 9
:.. ,•,m•-=-119

129 _

139 9
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URS 652-35 AFRPL-TR-68-92

LO /LHi V CONFINEMENT-BY-TIHE-GROUND-SURFACE
2 2

IVD:l.8. Low Velocity

TEST NO. 201 PROPELLANT WT. 200 LB

TRACESTATION PRESSURE IMPULSE CHARACTERISTICS

NUMB1ER ____ HRCEITC EAK
PSI % YIELD PSI-MSEC YIELD SHAPE BASELINE

115 26.3 26 56.9 12 10 2
125 33.5 37 50.7 35 12,7 3 6
135 - - 54." 38 4 2 12 A

116 8.8 21 31.7 30 4,5 2,3
126 12.5 37 25.5 21 12 3 3 ..
136 9.9 25 35.7 37 1 3 14 --

117 3.5 24 20.1 35 1 1I
127 3,3 21 16.8 27 1 1
137 3.3 21 16.3 26 1 1 14
118 ..... 9
128 1,3 15 11.1 33 4(5) 1

138 1.5 20 11.2 34 4(5) 1 14
119 9

129 9
139 9

TEST NO. 225 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE
0STATION CHARACTERISTICS REMARKSNUMBERREAK
______ PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 17.7 14 38.7 22 4(5) 2,3 12
125 13.4 10 37.3 21 4(5) 1
135 11.0 7,0 41.1 24 5(4) 1
116 5.4 9.4 23.8 19 4(5) 2,3
126 6.5 14 27.2 23 C(4 2
136 7.4 16 29.3 27 1(4) 2
117 3.0 18 17.8 29 1(4) 2
127 2.8 15 16.7 27 1(4) 1
137 3.4 22 17.3 28 1(4) 1
118 1,5 21 11.1 33 1(5) 1
128 1.5 21 9.6 27 1(4) 1
138 1.5 19 10,1. 30 8 1
119 I 0.9 33 7.6 45 8 1 1

129 0.9 31 6.30 35 _10

"139 0.9 30 5.9 32 1(4) -L
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URS 652-35 AFRPL-TR-68-92

LO 2/LH 2 V CONFINEMENT-BY-THE-GROUND-SURFACE

4/D:1.8g Low Velocity

TEST NO. 197 PROPELLANr WT. 200 LB
TRACE

STATION PRESSURE IMPULSE TRACE
SUTERTION__ CHARACTERISTICS REAS

PSI % YIELD PSI-MSEC % YIELD SIHAPE BASELINE

115 - - 34.3 18 4 2
125 - - 35.7 19 4 2 _

135 16 .6 13 27.2 12 1 1 _-

116 - - 21.4 16 4(5) 2
126 7.9 18 22.2 17 12(4) 1

136 6.1 12 26.3 23 5 1
117 - - 14.7 22 4 1
127 2.7 15 13.2 19 5 1
137 2.7 14 12.9 18 5 1
118 - - - - 5(4) 2,3 10
_128 1.4 18 8.6 23 4(5) 2,3
138 1.3 16 7.7 19 4(5) 2
119 9
129 9
139 ____ __.___ _ _ _9

TEST NO. 203 PROPELLANT WT. 200 LB

TRACE
STATION PRESSURE IMPULSESTATIONCHARACTERISTICS

REMARKS
NUMBER - ""_REMARKS

PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE
115 .... 4 1

125 - - - 4 2
135 29.8 - 40.0 23 4 2
116 8.8 21 29.1 26 1 1
126 - - 29.9 28 4 1
136 - - 31,3 30 4 1
117 3.0 18 18.4 30 1(5) 1
127 4.2 32 17.5 29 5(4) 1
137 . 23 4 1 1

118 - _ _ -_
Awl' 128 1,9 36 12.8 42 5(4) 1

138 1.3 15 10,0 29 5(4) 1

i 139 19
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URS 652-35 AFRPL- TR-6 8-92

LO /LH V CONFINEMENT-BY--THE-GROUtND-SURFACE
2 2

1MD:1.8, Low Velocity

TEST NO. 204 PROPELLANT WT 200 LB

PRESSURE IMPULSE TRACE
STATION CHARACTERISTICSNUMBER RE MARKS

PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 29.7 31 79.7 73 1(4) 1

125 29.7 31 56.7 42 5 2
1-35 21.4 19 55.7 41 4 1
116 10.9 30 43.5 51 4 1
126 12.1 35 42.1 47 1(4) 3
136 11.6 33 45,5 55 1 1
1 17 4.7 42 28.5 59 1 1
127 4.9 4'i 26 3 52 5(4) 1
137 4.6 4, 25.5 50 1(5) 1
118 ---- - 9

128 2.0 40 14.0 48 6 1
138 1.9 33 13.4 45 6 1
119 9129 .... _ __ _ _ __ _ _ __ _ _ _

139 9

3 TEST NO. 229 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE
STATION -CHARACTERISTICS REMARKS
NUMBER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 19.6 17 64.4 52 5 2,3

125 77.2 112 63.3 51 7,4 .
135 - -- - - - - 9
116 9.0 23 27.5 25 4(5) 2 ,3
-126 6.4 12 36.7 38 4 2,3

Am 136 7.1 15 31.2 29 4 2
117 3,5 24 20.3 35 5(4) 2

4 127 3.5 23 21.4 38 4(5) 2
13? 4.2 35 21.0 38 4(5) 1
118 1.7 32 10.7 32 4 2 _

"" 128 0.7 - 14.5 50 4 2
138 1.9 33 12.8 42 4 2
119 1.1 57 9.9 65 9,5,4 1

.139 1.11 54 789 48 10(5) 3 ----
139 1.0 48 7.8 47 1(4) 3 -
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URS 652-35 AFRPL-TR-68-92

1O2 /LH V CONFI NEMENT-BY- THE-GROUND- SURFACE
2 2

IVD:1.8, Medium Velocity

TEST NO. 230 PROPELLANT WT. 200 LB

"PRESSURE IMPULSE TRACE
STATION CIAI__CAITRISTICS

REMARKS
NUMB"R PSI T YIELD PSI-M.SEC % YIEL) SHAPE BASELINE

115 18.3 15 31.8 16 4 2
125 19.8 17 29.0 14 4 1
135 15.3 12 39.5 23 4 1
116 _5_6 10 23.0 18 4 2_3

-T" 5:• 126 80 _ 16 4 1
136 6.0 11 25 18 1 1

4 117 2-2 9.0 13-8 20 8 1
"127 2.3 11 13-9 20 5(4) 1
137 2.5 12 13-3 19 I0,11,4 1
118 1..i 11 7.6 19 1 1
"128 13 15 7.8 20 1(4) 1

138 1. 11 7.2 18 4.5 1
119 ] 0-6 14 5-8 31 5I
129 | 0-8 23 5.0 25 i0i, i

139 0,6 13 4,3 20 4(5) 1

TEST NO. PROPELLANT WT 200 LB

"% •- TIRACEAPRESSURE IMPULSE
STATION CHARAC'TERISTICS

'•NU MB1ER REMARKS

"PSi % YIELID PSI-MSEC % YIELD SHAPE BASELINE

-__•' I 15 24.3 23 34.7 .18 5 (4) 2,3

125 19.0 17 40.2 23 12 3
.135 13.3 9.6 39.0 22 5(4) 2,3

116 7.3 16 23.3 19 4(5) 2,3
12(; ii. 8 34 25.4 21 12 3
136 6.9 14 26.2 23 1 1

• ""•..=• 117 2,6. 13 . II, 15 4 2,3
127 2.9 17 13.4 19 5(4) 2
137 3.1 19 15.6 24 1 1
118 1.3 15 9.3 26 5(4) 2,3 . _

128 - - - - - -..
138 1.3 15 9.1 25 4(8) 2,3 _

119 0,6 14 5,7 30 91 1
•r 12ý9 0,8 259 4,9 24 10 1

139 0.7 20 5.4 28 4 1
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URS 652-35 AFRPL-TR-68-92

LO 2/LH2 V CONFINEMENT-BY-THlE-GROUND-SURFACE

L/D;l.8. Medium Velocity

PEST NO. 251 PROPELLAN;T WT. 200 LB

PRESSURE IMPULSE TRACE
STATION CHARACTER I STICS REMARKS
NUMBER PSI YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 50.3 64 96.0 101 4 2

125 28.9 30 61.3 48 4 1
135 - - 49.9 33 4(7) 1
116 - .-- 47,5 59 5(4) 1
126 12.1 36 4.0 53 1(4) 1
136 11.7 - 46.6 57 4 1
I 17 5.0 . 44 27.4 56 4 1
127 _,q 21 25-6 50 5(4) 1
137 - -- - - 3
118 2,2 48 17.2 66 1(5) 1
128 1,9 36 15.2 54 1(4) 1
138 - - - - - 9
119 1 59 10.8 73 5(4) 1-
129 561 56 10.0 67 10,4 1
139 2 60 10,0 67 4 L

TEST NO. 252 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE
STATION CHARACTERISTICSNUMBERREMARKS
NUMBER PSI % YIELD PSI-MSEC 5'o YIELD SHAPE BASELINE

115 25.6 25 53.1 37 1 2
125 23.6 23 43.4 26 14 1
135 27.2 27 44.5 27 4 1
116 9.4 25 33.7 33 4 2
126 9.0 22 37.8 40 4 2
136 10.5 29 39.3 43 4 2

117 3,9 29 19,5 34 4(5) 1
127 3.5 24 19.7 34 4(5) 1
137 4.2 35 19.9 35 10,4 1
118 1,9 35 12.3 39 4(5) 1
128 1.6 24 10.3 31 1,4 1 _
138 ... 9 -i

119 0-9 34 7,0 41 1(4) 1
129 0.9 36 .68139 10(4) 1 39

139 1.0 38 6.8 39 4(5) _
1-106
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URS 652-35 AFRPL-TR-68-92 j
LO 2/LH2 V CONFINEMENT-BY-THE-GROUND--SURFACE

W/D: l.8, Low Velocity

TEST NO. 254 PROPELLANT WT. 200 LB

!i : TRACE
PRESSURE IMPULSETRC

STATION CHARACTERISTICS• NUMBERREMARKS
NUMBER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 19.3 17 41.9 24 4 1
125 19.3 17 38.4 21 4 1
135 14.6 11 37.7 21 1 1
116 8.5 20 28.9 26 4(5) 1
126 8.1 19 33.6 33 ii.4 1
136 7.5 13 29.0 26 4(5) 1
117 3.2 20 17.9 29 5(4) 1
127 3.1 19 16.7 27 1(4) 1
137 - - 6,1 6.0 1(4) 3 2
118 1.7 26 10.6 32 1(4) 1
128 1.5 22 10.2 30 5(4) 1
138 - - - - - -
119 0-8 28 6-4 35 1(L4)_ _

129 0,9 29 6,4 36 1(4) 1
139 0.8 28 6.1 34 1(4) 1

1-107
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URS 652-35 AFRPL- TR--68-92

LO /LH V CONFINEMENT-BY-THE-GROUND-SURFACE
2 2

oL/D:1.8, Medium Velocity

TEST NO. 211 PROPELLANT WT. 1000 LB

PRESSURE IMULSE TIOCE
STATION E CHARAC TERISTICS REMARKS• NUND3ERNU1B7 % YIELD PSI-MSEC % YIELD SHAPE BASELINE

1- 23.2 4.3 76.0 14 4(5) 3

* 125 32,1 7.1 63.3 10 1(5) 1
135 23.6 4.5 95.3 20 11,8 16

116 8.8 4,3 46.9 12 11s8 16

126 9.3 4.7 53.7 15 ii8 2 16
136 7.9 3.6 53.3 15 8 2,3 16

117 3.4 4,0 28.5 12 8,3 2
127 3.1 .7 26.1 10 8 23 16

137 4.2 6.6 3.J.1 15 1 3
Ex 118 2.4 9.7 21.3 18 8 2

128 1.8 6.6 20t 17 8___ 1 ______

138 1.6 4.4 19.9 16 4,5 21_9 9
129 9 9

139 _ _9

TEST NO. 217 PROPELLANT WI. 1000LB

STAION PRESSURE I~MULAEmrC

NUMBER PSI YIELD PSI-MSEC % YIELD SHAPE BASELINE

STAN115 189 69 293 1.40 4(7) 3

125 - - - - 4(7) 1 j
135 36.5 8.4 109 26 4(5) 1 4
116 - -. 4(7) 1 .... I
126 .- -- 4(7) 1 - t
136 23.6 18 157 53 4(5) 3_ _

117 4,8 8,5 - - 4 2 3 _!

127 4.0 6.3 57.2 35 4 2________

L37 11.3 36 58.9 37 4 2 3
118 - - - - 8,4 1
128 1.4 3.4 35.3 37 4 3 12
138 3.1 20 32.2 37 4(5) 3
119 1.5 21 23.0 45 4.5,8 3
129 31121.0 31 40 4(5) 3 J

1139 I 1.5 j 20 21.7 42 8,4 3

1.1-1 2
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URS 652-35 AFRPL-TR-68-92

LO2 /LH 2 V CONFINEMENr-BY-THE-GROUND-SURFACE

L/D:1.8, Medium Velocity

TEST NO. 262 PROPELLANT WT. 1000 LB

PRESSURE IMPULSE TRACE
STATION CHARACTERISTICS•m•-: UMBERREMARKS

PSI % YIELI) PSI-MSEC % YIELD SHAPE BASELINE

U115 60.2 16 159 47 5(4) _ 2

125 81.7 24 184 62 4(7) 2,3
135 163 57 206 75 4(7) 3
116 23.0 19 92-0 37 12,4,5 2
126 28ý6 26 91-2 3- 4 2 3

136 26.6 34 86.2 33 1(4) 1
117 I0.l 31 66.8 45 1(4) 1
127 . 31 54.8 7(4) 2
137 . -.. 4(5) 1 2
118 4d4 39 40,0 45 15) 1

- 128 4.2 36 35.3 37 1(4) 1
138 4- 1 35 39.7 4 1(4) 3
119 2-0- 42 . .4 4(5) 1
129 i 3 2 45 4(5) 1

S• 139 ]_,9 37 22.1 43 4(5) 3

FEST NO, 264 PROPELLANT WI. 1000 LB

ST~iN PIISSURE IMPLILSE TRLACE
STATION P CHARACTERISTICS REMARKS
NUMBER PSI Y- IEI) PSI-MSEC '" YIELD SILAPE BASELINE

115 56 15 79 15 I1 2I
125 33.8 7,6 76 14 9,4 1
135 45 1i 103 23 12 1
116 21 17 69 22 12 5. 2
126 12 7.2 58 16 11.3 2
136 16 11 63 19 11 1
117 5.5 13 33 15 11(4) 2
127 4.6 8,0 39 19 11.12(4 2
137 - - 11,8 1 2

118 2,5 13 31 31 8(4) 2 _____

128 2. 13 23 20 1 - 2
138 2.5 13 25 23 824 1 __

119 I12 13 20 36 84,11 2

129 1.4 17 14 21 3 11 2
139 f .3 16 f 16 26 11(4) 2_,

1-109
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I
URS 652-35 AFRPL- TR-63-92

LO /LH V CONFINEMENT-BY-THE-GROUND--SUFRFACE
2 2

L/D"1.8, Medium Velocity

TEST NO. 266 PROPELLANT WT. 1000 Lb

PRESSURE IPULSE TRACE

STATION CHARACTERISTICS REMARKS• ;" •NI MBER
NUMBER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 28 .3 5.8 60.2 8 ,7 1(4 ) 2 :!
125 - - - 9 !-

135 35.3 7,9 5648 719 4 1
116 11.2 6.5 48.8 12 12,8 2

A__j 126 16.6 11 57.0 15 4 2,3136 9 ,4 ... 4 ,9 54 7 15 1(4) 2 3

117 4.1 6.5 38.9 19 8 _ .
127 3.9 5.9 44.3 23 5(4) 2,3
i37 - ... 8 1
118 19 .2L.. 1 •I 1 _____

128 1.8 6 5 21.3 17 4 2
138 1.8 6 .4 22.7 19 2
119 0 9 74 1-4,6 22 4(8) 1

129 6.7 13.8 20 5- 4 2.3
139 0.9 6.8 13.0 19 4.8 2 4,8

1-110
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I. I URS 652-35 AFRPL-TR-68-92

UO 'LH V CONFINEMENT- BY- THE-GROUND- SURFACE
2 2

L/D:l,8, Medium Velocity

rTST NO. 288C PROPELLANT WT. 250 0_.._6 LB

PRESSURE IMPULSE TRACE

STATION CHARACTERISTICS
NUMBER PSI % YIELD PSI-MSEC % YIELDj SHAPE BASELINE

117 40 9.8 141 6.4 5 1
127 36 8.4 211 13 5 1
137 38 8.9 214 13 7,3 1
118 15 12 128 11 4 1
128 12 9.0 129 11 5 1
138 14 12 148 14 3,4 2
119 5.8 13 85 12 4 1
129 5.8 13 91 13 4 1
139 - - - - - 1 16,2
110 2.3 10 54 14 4,2,8 1
120 2.1 8.6 46 11 5,2 1
130 2.2 9.7 51 13 4,2 1
ill 1.0 9.2 30 15 4 7 1

121 1.0 9.8 31 15 1,2 1
.11.2 13 33 17 7,2 1

'TEST NO. 289 PROPELLANT WT. 25000 LB

PRESSURE IMPULSETRC
STATION CHARACTERISTICS REMARKS
NUMBER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

117 16 2.4 33 0.6 4 1 15,2
127 16 2.4 112 4.3 5 1
137 13 2.0 244 16 13 1
118 5.8 2.5 70 4.3 1 1
128 6.0 2.8 57 3.2 1 2
138 6.9 3.6 74 4.6 3 1
119 2_2.5 42 4,4 P.S I
129 2.3 2.3 40 4.1 1 2
139 2.6 2.9 41 4.3 3 1
110 1.2 2,2 26 4.7 4 1
120 - - - - - - 9
130 1.2 2.2 26 4.8 4 1

0.6 3.1 14 5.0 7, 3  1

i-Ii



|K I

URS 652-35 AFRPL-TR-68-92

LO /LH V CONFINEMLENT-BY-f-iE-.GROUND-SURFACE
2 2

VfD:1.8. Medium Velocity

TEST NO. 290 PROPELLANT WT. 25000 LB

J TRACE
STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS
NUMBER PSI % YIELD PSI-MZSEC % YIELD SHAPE ,BASELINE

117 13 1.9 _159 7.9 5 1 2,15
1 127 15 2.2 115 4.4 1 1 2.15

137 - - - .- - 9
118 6.4 3.01 99 7.3 1
12A 4, 1-6 99 W5 2___138 6.5 3.1 84 5.7 42

119 2.6 2 8 _ 48 5-4 R 4
i929 2.0 1-6 ,.% 4-4 A

13s..._ 2.6 2m9 55 6-6, 4,3 2
ii0 1.2 2-1 3 6.0 4 2
:L0 1.0 1-4 26 4.8 7.5 2
130 1-2 2.5 S0 .9 4.7 2

121 o s 1-8 i5 .6 1
L•_I . 5 .2.7 7 6.3 2.4 •

1-112

1-1



7/rim URS 652-.35 AI. RPL-TR-68-92

U LO2,/LH2 V CONFINEMENT-BY-THE-GROLUND-SURFACE

¶g• I.D:1.8, High Velocity

TEST NO. 114 PROPELLANT WT. 200 LB

STA ION PRESSURE IMPULSE TRACE
UMTATION CHARACTERISTI CS REMARKS

•= :,N U MBUE R 
RE M R K

PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 30.2 32 65.0 53 4(5) 1

125 26.1 26 63.4 52 4 1

135 32.2 35 67.6 57 4(5) 2
116 57.2 52 46.4 57 1 1
126 14.6 48 48,8 61 1(2) 1
136 14.4 47 48.6 62 1(2) 1
117 5.6 56 25.4 49 1 1

772127 5.3 51 28.1 58 5 1

137 5.4 52 27.9 58 1 1 4
118 9
128 9

1378 9
119 9
139 9

TEST NO. 150 PROPELLANT WT. 200 LB

TRAE
STATION PRESSURE IMPULSE T ICS
NUMBER 

REMARKS

NUMBER PSI • YIELD PSI-MSEC 7 YIELD SHAPE BASELINE

115 26.8 27 51.1 35 4 1
M 125 28.3 29 55.3 40 1 1

135 25.7 25 58.1 44 4 2

. 116 10.0 26 37.1 40 12(4) ].
1 126 9.9 26 37.8 40 4 ]

136 9.1 23 37.8 40 1 1
i17 3.9 30 21.6 40 10(4) 1

t 127 4.2 34 20.9 38 4(5) 1

137 -,o 31 20.8 37 4 1 4
118 9

" :129 
9

S':139 / 9

"1 4



AA JRS 652-35 AFRPL-TR-68-92

1O10 I V CONFINEMNTL-BY-TIHE-GROUND-SURFACE
2'

•-I/l:I.8, 1IHigh Velocity

"N,.S f NO. 151 ,R01•1:.:,ANT Wl.•0. L71

i'[VP ION lLS. UIE I \1PLISIP ; clX A(
121.:MAI•5

•- 'N t;:11BERNl.PSBI N 1-:i1.,) I'S I I-l EIEI.) SlA i i. i!..\S I.,INl£'

I 15 22.4 20 5(, )

125 25.7 25 ,.1. 52 1(4) "
135 23.7 23 (G0. 2 47 1(7) _ _ _

S..... •, 1G 11 .0 33 53 l( ) . .

1 36 1 1 . 5 3 L 3. 5 1 41-

1,2 • v - 215. 1 50 4I(5)-_ 1137 1- 2. 1, 47 5(,i . t 4

11• 9,1-2 L t8 9, ) .-

138 [1

129 9
'139 _ _._ _9

TEST N0. 195 I i , , , 1 20(1 I,B
I., •'CE

".TATION PRESSUIE IMPULSE C(l:I1E'a E I ISI I C !s'.= N 1L P IM H j ~ [:• \!
1.PSI " -l -- SEC V YiII, SYIEPLD: I BANPEIINE

115 F).2 50 808 8(' 1 . i
1 25 59.4 8) s.l .5 82 j 2
135 45.3 55 j,.1 - 1, 1 2
I 12 13.1 41 56.. 0 79 4_ _

S121 13.2 41 V 9 1l .-1 1 I
136 12.0 36 51.1 , . _ 1.
127 5.2.' 41 1 2 19 6 10)

139. 2.9 9 7 1 __t(1)

119 -- .... -... . .9 .•- . ,: , ._ ! .. . . ... _ _

.___ __ __ _ __ __•

.... 1 i



URS 652-35 AFRPL-TR-68-92

LO /LH V CONFINEMENT-BY-THE-GROUND-SURFACE
2 2

L/D:I.8, High Velocity

TEST NO. 226 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE T
STATION CHARACTERISTICS REMARKS

NUMBER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 - - - - -

125 48.1 76 47.4 31 12 1 4 1

135 18.6 16 55.1 40 4 2

116 6.1 12 31.1 29 4 2,3 _3-

126 6.7 13 36.1 37 4 2.3

136 1.1.1 31 42.4 48 4 2,3

117 4.3 35 20.5 36 4 2

127 3.8 28 20.0 35 4 2

137 4.0 31 21.5 39 1(4) 2

118 2.0 41 12.3 39 1(4) 1

128 - - 14.3 49 9 1 2

138 1.6 25 12.2 39 8 1

1.19 1.2 67 9.4 61 8.10 1 1
129 10 48 74 44 10 1.3_____

139 0.9 46 7.1 41 4 1,3_

1'1
1-115 .



URS 652-35 AFRPL-TR-68-92

ff'V LO /LH V CONFINEMENT-BY-THE-GROUND-SURFACE
2 2

L/D:1.8, High Velocity

TI ESI' NO. 215 PROPELLANT -WT. 1000 LB

TILACE

STATION PREISSURE IMPULSESTATIONCIIAI1C'I•RI STICS REMARKS

NUMBER PSI 'S Y1EI,1' P5I-11$E(' % 'IELD) SHAPE BASELINE

1 rI15 58.2 16 82,6 16 11 ____

125 49.8 13 65,3 II 1(5) 3
- 1:3 52.2 14 85.5 17 __5)_1

-, -F6 16 -4 12 69-7 1235_ 1i
7x: 126 14.6 9.3 72.9 24 11 ,,5 .

136 16.6 12 G 8.2 22 I(s) 1
117 4 11 1.6.6 25 4,5 - 1 3

S127 ,,.7 8.3 .46.6 26 8,4 L3

.137 d.8 12 50.3 29 4(5) 9 3
11 2.5 13 213.9 25 4 (5) 2

128 2..- 13 2J.0) 28 ___5)_ 3____

138 2.2 1 30.2 30 4 5 3
1!9 1.3 1.1 16,1 26 4 _(5)_ 3
129 1 .2 ]3 16.5 27 8 1

.139 j 12 1.2 17.3 30 8,1(4) 1

TE ST NO. 216 PROPE"LLANT WT7. 102 LB

TEA CE
SAT.ON PRESSURE IMPTJf,SE CII IS CE. •= .• b:TA T ON CI IA R/A (?T]' It I T I C S R AP
-NUMIU3I SAE

PSI Y TIELI) PSI -US EC YIELD SHP BAELINE

115 28.4 5. 7 58.2 8.8 _ ) 1

125 26.5 5.3 57.4 8.5 1(8) 3
1:35 27.8 5.7 ,I3.0 I.8 1 1
116 11.6 6.7 31.6 6.0 ,1±8) 1 1(

126 8.9 4.3 41.9 9.4 1J(8) 1
136 7.(6 3.-. '12.8 1 0 8 1
117 3.7 5.3 27.8 12 8,4 -

127 3.3 4.1 31.1 11 8(0) 1 "_
137 4.0 6,1 `3. 8 15 4 1 _

118 1,8 6.5 i8.3 14 8(4) 1

128 1.6 4,7 16.8 13 .... - 13___

1:38 1 5 3.9 15.2 11

: 1:29 O. 9 6, o 10.5 1481

, 13t9 0. 7 3.4 10.I 1

IAW-.1

/ • .



URS 652-35 AFRPL-TR-68-92

4r, LO /LH V CONFINEMENT-BY-TE.-GROUND-SURFACE
2 2

L.D:5.1, Low Velocity

STEST NO. 104 PROPELLANT WT. 200 LB

STATION PRESSURE IMPULSE TRACE

-STATION CHARACTERISTICS REMARKS
NUMBER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 8.5 4.5 16.6 5.3 (5) 1 8
__ 125 9.2 5.4 16.4 5.3 1 2 8

135 9.9 5.9 17.3 5.7 1 2(3) 8,6
- 116 4.3 6.2 12.2 6,9 1 1 8

126 4.1 5 13.1 76 1 8
136 3,8 4.9 12.4 7,0 1 1 8
117 - - - - 11 3 8.6

•" 127 1.8 5.,6 6.6 6-7118

137 1.6 4.2 6.0 5.9 1 1 8,4
118 9

:vr 128 9

"138 " 9
119 9
129 ......... 9
139 9____ - ____

TEST NO. 164 PROPELLANT WT. 200 LB

I TRACE
STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS
NUBERR

PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 6.7 3.0 15.0 4.6 1(5) 1
125 5.5 2.2 15.3 4.8 1(5) 1
135 - - 3,11 2 3
11-6 2.8 2.7 9.2 4.6 1 1 _______

126 2.5 2.0 9.6 4.8 3(.8) I _

136 2.7 2.6 9.1 4.5 1(11) 1
117 - - -. . 9
127 - - - - - 9

137 1.4 3.1 5.1 4.6 1
118 9

\ 1 2 8 ... . 9
138 9
119 9_ 9

129 -9i -' 139 .. . .. 9

1-117



URS 652-35 AFRPL-TR-68-92

SLO 2/LH2 V CONE INEMNENT-BY- TlE-GROUND-SURFACE

,4, L/D:5, Low Velocity

TEST NO. 165 PROPELLANT WT. 200 LB

TRACE
STATION IRES SURE I MPULSE CHARACTER I ST ICS MRKS
NUMýBER

PSI % YIELDI PSI -MSEC % YIELD SHALPE 13ASELINE

115 10.7 6. G 23.7 9.7 -4A _ 1A

__125 11.0 7.1 25.4 11 1 __5) I
135 ..- - 3 2 3
" 116 .1.-1 6.-1 15 4 9. 9 1 1_
126 4.4 6.3 14.8 8.9 1 _

"136 4.8 7.4 17.4 12 11.0.5) 1
Ili 2.0 7,1 8.2 9.2 I 1
127 2.1 8.4 8.5 9.6 4(5) 1
137 2.1 8.( 8.7 10 4(5) 1
118 9
128 9
138 _____ ____

119 9-

129 [ 9

1 39 _. .. .. 9

1-i 1

ua n n ua nn n u I



FRS623 AFRPL-TR-68-92

110 2/LH2 V CONFINEMENT-BY-THlE-GROUND-SURFACE

L/D:5, Low Velocity, Reversed Propellant Orientation

TEST NO. 103A PROPELLANT WT. 200 LB

TRACE

STATION PRESSURE IMPULSE CILARACTERISTICS REMARKS
S...._.NUBR psi 7% YIEI,D PSI-MSEC %YIELD SHAPE BASELINE

115 18.9 16 58.7 44 4 1
125 23.0 22 62.8 5i 3,12

",. 135 23.5 22 60.4 44 3 2 3

116 11.1 31 43.6 51 1(12) 1
0 a 126 10.8 30 44.7 53 1 1

136 10.7 30 37.3 40 9,3 1

117 _'_6

127 4.0 30 26.4 52 10 2
137 3.8 28 23.6 45 0 1.

118 9__ __ __ _
128 9 "__-_

138 9____ _ _ _ _ ____ ____

S,119 __ _ _ __ _ __ _ _ _ _ _ 9 __ __ __ __ __
119

i •'129 ,.9 _

'13

, :, .,

1-119

• ,.: ±.



TUPS 652-35 AFRPL-TR-68-92

LO2/LH2 V CONFINEMENT-BY-THE-GROUND-SURFACE

L/D:59 High Velocity

TEST NO.- PROPELLANT WT. 200 LB

TRACEPRESSURE IMPULSE
STATION CHARACTERISTICS REMARKS
NUMBER PSI YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 10.8 6.8 29.6 14 1 2
125 10.6 6.7 23.4 9.7 1 1
135 10.5 6.5 24.9 11 1(11) 1
116 4.8 7.4 16.0 10 1 2
126 5.1 8.2 16-1 10 1(10) 1
136 5.7 9.9 20.5 15 1 1

117 2.1 8.4 9.3 11 1(11) 2
127 2.1 8.0 8-6 10 1(I0) 1
137 2.2 9.Q 9.2 11 1 1 4
118 9
128 9

138 9

119 9

129 9
139 9

TEST NO. 160 PROPELLANT WT. 200 LB

TRACE
STATION IMPULSE CHARACTERISTICS REMARKS
NUMBER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 - - 47.8 31 4(5) 1

125 - - 52.1 37 4 1
135 24.8 24 49.2 33 4 2

116 9.5 25 33.7 34 1 1
126 10.1 26 33.3 33 1(4.) 1
136 9.2 23 34.5 35 1(5) 1

117 4.2 33 18.9 32 10 4) 1
127 4.2 34 19.1 32 4(5) 1

137 4.0 31 19,6 33 1(4) 1 4
118 9

128 9

138 9

119 9

129 9

139 9

1-120



URS 652-35 AFRPL-TR-68-92

LO 2/LH 2V CONFINEMUENT-BY- IE-GROUND-SURFACE

L/D:5, High Velocity

.TEST NO. 161 PROPELLANT W'. 2•0 L TR

PRESSURE IMPULSE
STATION CHARACTERISTICS REMARKS
NUME R PSI % YIELD PSI-MSEC % YIELD SHIAPE BASELINE

.. 115 8.1 4.3 16.5 5.3 4(5) 2
- 125 9.4 5.6 21.5 8.2 1 1

135 - - 3 (5)10 2 3
116 3.9 5.1 10.8 5.7 1 2
126 -.... 0i4) 2 _O

136 .... 11(5) 2
117 1,6 4.5 6.2 5.9 1(5) 1
127 1.6 4.2 6.6 6,6 4(5) 1
137 1.8 5.6 5.8 5.5 1(4) 2 - 1
118 9
12S 9
138 ., 9
119 9
129 .9
139 9

1 -

1-i-21

Jr



URS 62-35AFRPL-TR--68-92
S! U R S 6 5 2 -3 5

LO2 /LI1 2 V CONFINEMENT-BY-THE-GROUND-SURFACE

L/D:5, High VTiocity, Reversed Propellant Orientation

1E'1' TST NO. I PROPELLANT wr._200 LB

S PIESSURE IMN'ILSE TRACE

STATION CI-_hAACTERISTICS REMARKS

-NUMBER S PSI '1 YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 42.1i 50 66.0 54 4(10) 1

125 34.8 39 70.1 60 4 2

135 39.4 47 75 3 68 4 2

115 13.8 44 _49.7 64 5(12) 2 _--

126 1.4.3 46 _51.7 68 5

136 14.3 49 51.0 67 5 2

117 5.0 45 26,!j 54 5 2

127 4.8 42 2.__ 69 5 24

.137 5.0 45 30,1 64 2 2 ,t

118 9_ _ _ _ _ _

;•- 128 9

.•1l19 9

,• "129 . .. • . . .9

1 __ 1 1 _'

' T E'ST NO. 11 [5 PlROPE'LLANT WT '200) 1,

TULB

PRRESSURE IMPULSE'2...• STAT I ON CHtAIACTF,{ P 'I' CS 'MA [S

".i..:• ~~PISI ";YI•,}PSI-MSEC YIEI) SIApE ]BASHMNE

S1215 9.6 5.6 36.6 20 i (5) .3 7. ,13 5 1 {. 45 34.7 1.8 9(( 0

S{• .,. 07 .9 2 5 . 9 2 2 . ..._5. -4 --- i
S1 I

.. 26 ,6.1 8.0 2 29.1 26 1( 4 ) _

136 4,5 6.6 26. 23 9_

11 1.9 G3.6 4.1 2(0 1j'~__
'12 " :2., 1:1 14.9 23 .A 1 L.j

137 2.2 9.1) 13. _ 1 LLj2 -__ _ 4
118

• .11.9
'; r' 119 -...-1-- -.-- -.. 9

--39 9

1--122

4.*p~

Jp'



URS 652-35 AFRPL-~TR-68-92

w GROUP 9

LO /LH2 CONFINEMENT-BY-THE-GROUND-SURFACE- HORIZONTAL TESTS
2 2 (All tests 200-lb Propellant Weight)

-• ILTERMINAL 1ST PROP. 2ND PROP.
rl• •°'•I';PROPELLANT VELOCITY PROPELLANT TEST YED 0T

S;.!7• TYPE RA•NGE* ORIENTATION NO. () 2DPO. INTO

M 2NDPROP. IGNITION

-131 6 441 125
S132 5 0 0

Low 133A 6 289 286
Lo Normal 185 8 469 0

""23 ft/sec186 9 597 61
"LO 2/LH2 223 18 708 157

224 16 621 399

183 15 446 0
High 196 17 639 77

78 ft/sec Normal 228 34 560 42
253 57 561 108

Velocity shown for top propellant only. Bottom propellant velocity '12 ft/sec
for all tests.

1.. .. 1.

1-123



URS 652-35 AFRPL-TR-68-'92

LO 2/LH2 H CONFINEMENT-B1-THE-GROUND-SURFACE

L/D:1.8, Low Velocity

TEST NO. 131 PROPELLANT WT. 200 LB

ST PRESSURE IMIPULSE TRACE
BATION CHARACTERISTICS REMARKSNUMBER -I

PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 7.4 3.6 20.1 7.4 1(4) 2
125 7.2 3.4 19.8 7.2 1(10) 2
135 7,5 3.7 17.7 6.0 1(4) 2
116 4.0 5.2 13.0 7.6 1(5) 1
126 3.7 4.4 13.0 7.6 1(4) 2
136 3.7 4.6 13.8 8.4 1(4) 2
117 1.8 5.5 6.7 6.8 1(5) 1
127 1.7 5.1 7.2 7.8 I(10) 1

137 1.6 4.2 6.8 7.0 1(5) 1 4
118 9

Am 128 9
•138 9__ _ _ _ _ __ __ _ _ _

119 9
129 .9
139 9

TEST NO. 132 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE
STATION CHARACTERISTICS RIAK
NUA113ER PSI % YIELD PSI--MSEC % YIELD SHAPE BASELINE

115 8.4 4.5 18.5 6.4 5 1
125 7.8 4.0 18.5 6.4 4 1
135 8.6 4.8 - - 4 2 3
116 3.7 4.7 11.1 5.9 1 2

126 3.4 3.8 11.7 6.5 1 1
136 3.2 3.6 11.5 6.4 1 1
117 1ý5 4.2 6.0 5 8 1(9) 1
127 1-6 4.4 6.4 6.4 9,(5) 1
137 1,5 . 3,6 . 5,9 . 5,7 i(}1 4

118 9
128 9 _
138 9

119 9
129 9
139 9

1-124



i

URS 652-35 AFRPL-TR-6 8-92

LO2 /LH 2 H CONFINEMENT-BX-THE-GROUND-SURFACE

L/D:1.8, Low Velocity

TEST NO. 133A PROPELLANT WT. 200 LB

SSTATION PRESSURE IMPULSE TRACE
STATION CHARAC1ERISTICS REMARKS
NUMBER ____J____ _________=E PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

S115 9.5 5.5 22,4 8.7 1(5) 1

125 8.1 4.2 26.2 11 1 1 _
135 9.4 5.6 20.1 7.3 1(5) 2 3
116 3.8 4.8 14.8 9.0 1 1 1 _

126 4.0 5,3 16.0 IC 1 i
136 3.7 4.6 16.3 11 1(5) 1
117 1.5 4.1 7, i .9 1(4) -

127 - - - - 3(11) 2 3
137 - - 7.9 9.0 1(4) 1
118 9
128 '9,_
138 9
119 9 9
129 | 9

139 9

"•TEST NO. 185 PROPELLANT WT. 200 LE

STATION PRESSURE IMPULSE C TRACE
STATION CHARACTERISTICS REMARKS

NUMBER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

S_ 115 8.5 4.6 21.0 7.9 4(5) 1

. 125 -... 1 1 10
135 8.7 4.7 20.4 7.6 4(5) 1•'116 - - 14.0 8.5 4(5) 1~

':"126 4.1 5 .6 15.4 9.7 1(5) 1

136 4.0 5.5 13.8 8.4 11(12) 1 _

117 1.7 5.5 8.04 9.0 10(11) 1 i
127 1.8 5.8 9.6 12 10(5) 1
137 I. 8 5.6 7.9 9,0 1(4) 1

"118 9 _

128 9
138 9
119 9_9_
"129 9
139 A9

:AF- 1-125



URS 652-35 AFRPL-TR-6 8-92

LO 2 /LH 2 H CONFINEMENT-BY-THE-GROUND-SURFACE

/LD:l.8, Lojw Velocity

TEST NO. 186 PROPELLANT WT. 200 LB

S'~RtACEPRESSURE IMPULSE

STATION CHARACTERISTICS REMARKS
'" •> NUMLBE R PSI % YIELD PSI-MSEC % YI7LD SHAPE BASELINE

115 10.6 6.6 23.0 9.0 4 1

125 11.3 7.4 23.6 9.7 1 1
135 10.6 6.7 2i.2 11 11(12) 1
116 4.8 7.7 16.0 11 1(11) 1
126 4.7 7.1 15.1 9.5 1(5) 1
136 4.8 7.7 16.1 11 11(12) 1
117 2.1 8.3 8.4 9.6 10(5) 1
127 2.2 8.8 8.4 9.5 1O(5) 1

"" 137 2.1 8.8 9.0 11 1(5) 1 4S118 _ _ _ _ ____ _____ ____ _ _ _ _ ____ 9
128 .... 9
138 9
119 9
129 9

•- 139 9

ffl TEST NO. 223 PROPELLNT Aý,T. 200 LB

"STATION PRESSURE IMPULSE TRACE

STATION_ CHARACTERAISTICS MRK

- .NUBR PSI %YIELD PSI-MSEC %YIELD SHAPE BASELINE

115 13.7 9.8 - - 5 2,3 _____

125 15.3 12 126.0 11 11,5 1
135 13.3 9.6 28.6 13 1 1
116 5.2 8.6 - - 11,12,5 2,3

126 6.0 11 23.7 19 11,12 2
136 5.3 8.7 22.6 18 1(5) 2,3
117 2.3 10 - - 5 8 2,3
127 2.3 10 9.6 12 5,8 2
137 2.7 15 6.8 7. 0 9, 1
118 - - - 3 2
128 1.3 15 6.6 16 1 1
138 1.3 14 6.8 17 4,5 2
119 - - 9 2 _

_ _'q _8 4. _ _L ,
139 0.6 15 3.6 16 _ 1(4) 2

1-126

. 4• .



I
URS 652-35 AFRPL-TR-68-92 I

LO 2/LH2 H CONFINEMFNT-BY-THE-GROUND-SURFACE

L/D:1.8, Low Velocity

TEST NO. 224 PROPELLANT WT. 200 ,LB

TRACE

STATION _ RESSUR IMPULSE CHARACTERISTICS REMARKS

NUMBER PSI T YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 21.5 223 42.9 26 1(4) 2

125 9.2 5.4 28.6 13 1 1
135 11.2 7.1 35.1 19 1(4) 1
116 7ý0 15 20 .7 16 12,4 213

126 5.2 8.4 21.2 16 .1(4) 2,3
136 6.6 12 22.1 17 1(4) 1

117 2 9 17 15.5 24 4 2,3

127 2.1 8.3 12.1 16 1(8) 1
137 2.8 16 13.1 19 9 3
118 1.3 14 6.9 17 1(5) 1
128 - - - 9 1 2
138 1.2 14 7.4 19 1(5) 1

119 0.4 6.2 3.2 13 9 1

129 0.6 14 4.1 20 4,5,9 1
139 0.7 22 4.6 23 4(5) 1

'AI

pl, 1-127

ik.



URS 652-35 AFRPL-TR-68-92

LO /LH H CONFINEMENT-BY- THE-GROUND-SURFACE
2 2

L/D:1.8, High Velocity

TEST NO. 183 PROPELLANT WT. 200 .LB

PRESSURE IMrvPULSE TRACE

STATION CHARACTERISTICS REMARKS"!,> NUMBERN E PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 - - - 4(5) 1
125 17.1 14 36.4 20 4 1
135 17.5 15 - -3,12 2 3
116 i - -1011,12 2
"126 6_6 15 21.9 17 4(5) 1

S136 6.9 14 26.3 23 1i •9 1

117 2.5 13 11.8 16 4,5 _8 2
127 2.6 13 ?.,5 18 10,5.4 1
137 2.7 15 12.8 18 4 1 4
118 9
128 ] 9138 _9
119 _9
129 _ 9
139 _9

TEST NO. 196 PROPELLANT WT. 200 LB

PRS.. TRACE
- STATION IMPULSE CHARACTERISTICS

NUMBER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 19.2 16 41.1 24 1(4) 2
125 16.8 14 41.8 25 1(12) 2
135 15.4 12 36.5 20 1 1

'••116 6.3 12 22.3 17 1(5) 2
S126 6.3 12 22.5 17 1(12) 2

136 6.7 13 23.5 19 1(4) 2
11"7 2.5 12 13.0 18 1(4) 1
127 2.7 15 12.3 17 5 1

S137 .2.2 14 11.9 16 1 2
• 118 ......

S•128 1.2 12 7.4 18 1(4) 1

13 1.2 14 81 21_ _ 21(4) 1S119 9
1299
139 EE

1-128""____ _____ _____ _____ ____ ____ _____



UPS 652.-35 AFRPL-TR-68-92

LO 2/LI2 H CONFINEMENT-BY-THE-GROUND-SURFACE

L/D:1.8, High Velocity

TEST NO. 228 PROPELLANT WT. 200 LB

- I TRACESSAIN PRESSURE IMPULSETRC
STATION R CHARACTERISTICS REMARKS
NUBR PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 27.0 27 49.5 33 4(5) 2.3

125 26.4 26 60.6 47 1(12) 1
135 23.5 22 48.5 32 1(4) 1
116 8.9 23 32.9 32 4(5) 2.3
126 9°3 24 32.2 31 1 2,3
136 - - - - - 9
117 3.7 26 18.1 30 4(5) 2,3
127 3.5 23 19.5 33 4(5) 2,3 _

137 4.0 31 20.8 37 11,8 2,3
118 1.7 27 12.8 42 5(4) 1

128 1.8 30 12.2 39 9 1
138 1.8 31 11.1 34 8

119 0.8 22 - - 8 1 8
129 0.9 32 - .- 101 _8

139 0.9 31 - 1(4) 1

E

.•

TEST NO. 253 PROPELLANT WT. 200 LB

OPRESSRE IMPULSE TRACE
STATION CHARACTERISTICS

_______ -~REMARKSNUMBER__ PSI % YIELD PST-MSEC % YIELD. SHAPE BASELINE

115 27.4 28 67.2 56 1(4) 2

125 25.9 26 55.0 40 4(5) 1
135 25.7 25 57.2 42 4(5) 2,3
116 13.8 45 42.0 49 4(5• 2

126 9.6 24 44.9 54 12 4 5 1

136 10.5 29 54.8 76 4(5) 1
117 4.4 44 25.3 50 5(4) 1
127 4.0 31 23.0 42 5,(4) 2,3 -
137 - - - - 10(4) 2 1 2
118 2.1 45 16.0 58 4(5) 2

128 1.0 35 13.9 48 4(5) 1
138 - - - 9
119 1.0 - 53 9.9 65 4(5) 1

129 1.1 56 8.5 53 10,4 3 1
139 i.I 58 9.1 58 4(5) 1

1-129



URS 652-35 AFRPL-TR-68-92 j
GROUP 10

L0 2 /LH 2 SPECIAL TESTS
(All tests 200-lb Propellant Weight)

IMPACT TERMINAL IGNITIONTEST TARGET VLCIY TEST YEDTMVELOC ITY Y IELD TIMdETYPE TIYPE INTO.
(ft/sec) ( (%) (insec)

FlatFlat597 079 121-

High-Velocity- 
Wall

A Impact
DHe 569 080 163 -
SHole

"2ool Tests ** 233 109 2182
Horizontal-
Horizontal ** 242 107 800

Confinement-by- 169 15 318

the-Miss ile*
(Do/Dt = 0.083) 1.73 15 56

Scaled S-IV.

Bottom propellant 0, top propellant -23 ft/sec.

1-130



URS 652-35 AFRPL-TR-68-92

Lo2/LH2 HIGH-VELOC ITY- IMPACTr

L/D:l.8, Flat Wall

TEST NO. 7 PROPELLANT WT. 200 LB

TRACE
STATION PRESSURE IMPULSE TRACENUMBE CHARACTERISTICS ERK
NUBE PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

S115 9

-. 125 9
135 9
116 32 6 119 97.5 200 12 -1(2) --
126 ]6.- 45 63 -1 96 1].2 1 -1
136 9

C 117 113 48 147 12 1S127 70 69 40-0 104 12 1]

137 5.3 41 32.7 75 12 1.
118 3.3 113 27.6 133 1(b) 1
128 2.3 53 27.8 131 1 1
138 2.6 62 19,2 70 12(1

,,,L:•119 I 178 7 7 1 6 (01-8 17- 146 1(11
129 1.3 75 13.8 91 3 _i

139 1.4 84 12.8 8o 1(10) 1

40k

1-131
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URS 652-35 AFRPL-TR--68-92

LO 2/LH 2HIGH-VELOCITY-IMPACT

"2 2

L/D;1.8, Deep Hole

TEIST NO. s0 PROPELLANT WT. 200 LB

PRESSURE IrIPULSE RTRACE
STATION PSURMUE CIHAIRACTER I STICS M.,WIRKS

NUM1ER PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE

115 912 ',5 _ _ _ _ _ _ _ __ _ _ _ _ _ _ 9

135 ._9

116 60 250 1.49.4 371 __ = 7 1(2) -- --
12 i 1.3.6 34 66.1 112 12 1--

Hil ,14 211. 75.1 291 7,5 2 _

127 6,.6 65 _47L 139 12 1 _

137 3.5 21 31.4 70 12 1

1 I's .6 208 35.8 196 7,5 2 1

1 2?1 2.6 65 33.6 176 5 1

I 3?_ 1.8 29 16.1 54 12 I
19 " 250 23.5 227 10 2

-,_____ 1 . .6 16 . 8 125 3 1i

__,-__ 1.2 63 13.5 86 10 i

now,

• VV

S~1-132
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URS 652-35 AFRPL-TR-68-92

LO2 /LH2 H CONFINEMENT-BY-ITE-GROUND-SURFACE

L/D:1.8, Low Velocity

Pool Tests

TEST NO. 233 PROPELLANT WT. 20..0 LB

TA N PRESSURE IMPULSE ETCE
STATION CHARACTER ISTICS REMARKS
NUMBER "PSI % YIEJL) PSI-MSEC % YIELD SHAPE BASELINE

115 33.4 19 - - 2-3 -__213

125 21.1 19 80.4 76 4 2,3 =
135 26.6 27 59.6 45 2.3
116 1_4.1 46 - - -- 4.2.3 2,3
126 ' -- 4- 16 47-3 -5 40) 2,3
136 -_12.6 38 45.7 55 4(5) 2.3
117 6.2 67 39.1 97 4(8) 2.3
127 3,9 30 29.5 62 4 2
137 8,2 109 39.1 97 4(10)- 2,3
118 3.3 112 - - 5.2,3 2 _3

128 2.0 40 18.9 75 4(5) 1
138 2.8 82 22.4 96 4(9) 2
119 109 13.8 106 5 8 1
129 iI 58 14.0 109 1 i0_-__
139 1.4 90 14.1 110 4 1

TEST NO. 242 PROPELLANT WI. 92,..0_--LB

'TRACE
STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS
NUMBER PSI % YIELD PSI-MSEC S YIELD SHAPE BASELINE

115 42.0 50 115.0 136 4,3 2
125 46.1 58 88.0 88 12(4) 2
135 57.1 67 79.0 73 4,5 2
116 - - 58.2 83 4 5 2
126 - - 70.7 113 4).. 2) 2
136 20.0 79 72.4 118 4 2
117 6.2 69 40.2 101 1(4) 2
127 - - 37.3 89 4(5) 2 _

137 - Z- L41.4 105 9 2
118 2,7 72 23.6 105 4(5) 1

128 2.9 84 22.9 98 4 1
138 2.8 83 23.1 101 8 1

119 1.5 104 15.1 121 9 1
129 1,6 111 13 9 108 10 1

139 1.5 96 13.6 104 4 1

1-133
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URS 652-35 AFRPL-TR-68-92

LO2 /iLH CONFINMENT-BY-THE-MISSILE

"IVD:1.8, DoDt :0.083

TEST NO. 169 PROPELLANT WT. 200 LB

.. TRACE
STATION , PRESSURE IMPULSE CPARACTER1STICS
NUATION r - ACTRI j REMARKSNUMBER PSI % YIELD PSI-MSEC % YiELD SHAPE BASELINE

11.5 .... 4 2 .--:
125 12,2 8.4 40 23 4(5) 1
135 13.5 9.6 - - 1i 2 3 "_
116 4,7 7.3 26.2 23 1 2 3
126 - - - 10.4.8 I
136 5.1 8.4 26.2 23 4(5) 2
117 2.1 8.7 1_46 29 4 , 2
"127 - - 14.8 22 4(5) 1_i
"137 2.2 9.4 14.1 21 4 2 94

128 "_9

138 9
S119 0

129 ..__
139__ 9

TEST NO. 173 PROPELLANT IVT. 200 LB

TRACE
STATION PRESSURE IPULSE CHARACTERISTICS
NUMBER -' REMARKS

PSI % YIELD PSI-MSEC % YIELD SHAPE BASELINE
S15-- 34 .4 18 4 1

125 8.3 4.5 38.9 22 1(5) 1
135 9.3 5.4 - - 4 2 2
1.6 - - - - 12,11 1 1
126 3.8 4.8 26.4 23 1 1
136 3.8 4.9 26.1 23 1(4) 1 1"117 1.6 4.6 16,3 ?6 _1(8) 1

127 1.8 5.8 15.7 24 1(5) 1
137 1.9 6.7 14.4 21 1(5) 1 4

118 9
128 9
138 .___ 9119 _ _ 9

i::•!• i, 129 [9
.•::•139 i , 9

1-134
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iURS 652-35 AFRPL-TR-68-92

GROUP 11

SPECIAL TEST (SCALED IWO-STAGE VEHICLE)

CONFINEMENT-BY-THE-GROUND-SURFACE VERTICAL TEST

L/D: 1.8 Medium Velocity (44 ft/sec) Terminal Yield 70%7

TEST NO. 295 PROPELLANT WT. 1000-lb LO 2 /RP-1 IGNITION TIME 544 msec
i200-lb LO 2/LH2

E UTRACE
STATION PRESSURE IMPULSE CHARACTER I STI CS R
NUMBER REMARKS

PSI % YIELD PSI-MSEC % YIELD SHAPE 1ASELINE

117 i
127 ____

137 __
118

128
&•-- 1381!19 ________ __ _____ _____ ________

129

139 1____ ____ ____ _______

110 1.4 68 3 1(2)

120 1.5 77 5 1(2) i
13 •0 1.4 71 5 1(2) -

Ill 0.6 54 10.4 68 37 17
121 0.6 53 12.3 87 3,8 1(2)
131 0.6 71 12.3 87 3,5 1(2)

1-135
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URS 652-35 AFRPL-TR-68-92
.0.

Group 12

CLOSE-IN BLAST DATA

In the previous subsections, 1 through 11, the blast data from the five

primary gauge distances have been reported. During the program a limited

effort was expended to acquire peak overpressure and positive phase impulse

data close in to the propellant explosion. The gauge distances used to

acquire th'.s data are listed below:

Gauge Number Distance

121 2.75 ft from ground zero on pad

132 4.5 Ft from ground zero on pad

113 6.5 ft from ground zero on pad

123 12.8 ft directly above ground zero on drop tower

104 12.8 ft from ground zero on pad

1.14 12.8 ft from ground zero on padt 
2g

124 12.8 ft from ground zero on pad

134 12.8 ft from ground zero on pad

115 23 ft from ground zero on pad

125 23 ft from ground zero on pad

r 116 37 ft from ground zero on pad

•-"126 37 ft from ground zero on pad

As in the previous subsections the gauge numbers are coded to indicate:
the type of measurement, first digit, i.e., 1 = side-on pressure; the
gauge line, second digit, i.e., 1 . 2990, 2 = 590, and 3 = 1790 and the

nominal distance (third digit) as noted in the list above.

1-136
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URS 652-35 AFRPL-TR-68-92
Group 2

HYPERGOLIC (AERPL) TESTS

TEST NO. 031 PROPELLANT WT. 200 LB

TRACE
PRESSURE IMPULSE FC

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-rnsec) S___________________________ SHAPE BASELINE ______

123 - - 3 2
114 - - - - 15
124 - - - - 15

133 - - 3 2
134 2 3 3 2

"TrST NO. 032 PROPELLANT WT. 200 LB

PRESSURE IMPUTLSE TRACE
STATION CHARACTER ISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE 'IA SEl, I'-.E

121 8 10 4 1

132 4 8 3 1
113 - - -9

123 5 8 1 1
114 2 4 3 1

124 3 3 1 2

TEST NO. 035 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE

STATION CHARACTERISTICS RINARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 3 4 9 1
132 4 5 1 1 ' ' _

113 4 3 911 1

A 123 3 3 4,8 1

114 - - - - 9

124 2 2 4 1 E

1-137

bI



URS 652-35 AFRPL- TR-68-92

HYPERGOLIC (AFRPL) TESTS

TEST N40. 019 Ph)PELLANT WT. 200 LB

TRACE
STATION PRESSURE IMPULSE CHARACTER ISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 2 200 154 1 1
132 1,660 87 1 1
113 544 85 7 1
123 - - 12,52
114 82 58 7 1

4 124 65 - 3 1

TEST NO. 030 PROPELLANT WT. 200 LB

TRACE
"STATION SSURE IMPLSE CHARACTERISTIC: REMARKS
NUMBER (psi) (psi-msec) SHAPE BA SEI, INE

121 1,800 124 11 1.
132 1,100 85 7,4 1
"113 445 85 7 1
123 - - 9
114 90 49 12 1
124 - - - 9

TEST NO. 029 PROPELLANT WT. 200 LB

(psi)TRACES• ~PRESSURE IMPULSETAE
STATION CHARACTERISTICS REMARKS
NUMBER (p9i) (psi--msec) SHAPE BASELINE

132 70 - 10 2
113 16 -3 2

123 24 6 115 2
114 5 11 4,3 2
124 3 - 3 2 J

1

'•- :: 1-138



URS 652-35 AFRPL- TR-6 8-92

HYPERGOLIC (AFRPL) TESTS

TEST NO. 036 PROPEILANT WT. 200 LB

IM S TRACE
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE ASHAPE BASELINE

121 8 12 714 1

1.32 7 10 4 2
113 1 5 3,7.8 1
123 4 8 4 2
114 - - 3 2
124 2 4 12 2

TEST NO. 033 PROPELLANT WT. 200 L13

PRESSURE IMPULSE TRACE
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELIN,

121 130 98 318 1
132 48 60 3,8 1 ,,
113 38 37 4 1

-A 123 44 50 7,10 1
114 16 29 7,4,10 1
124 24 33 7 1

TEST NO. 037 PROPELLANT WT. 200 LB

TRACE
PRE SSURE IMNPULSETRC

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 2.600 180 1 1
132 380 28 1i1, 3 1 ._
113 - - - - 9
123 56 31 i
114 - - -

124 50 42 3,4 1

1-139
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URS 652-35 AFRPL-TR-68-92

HYPERGOLIC (AFRPL) TESTS

TEST NO. 158 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE
STATION CHARACTERISTI(:S REMARKS
NUMBER (psi) (psi-msec) SHAPE Rl. ' INE

121 11 11 1(3) 1
132 - - - -

113 4 6 129,3 1
123 1 - -
114 2 3 49 1
124 2 4 419 1

TEST NO. 159 PROPELLANT WT. 200 LB

TRA CE•
PRESSURE IMPULSE

STATION CHARACTERISTICS REIAýRKS
NUMBER (psi) (psi-msec) SHAPE BASELIlE

121 - 15

132 -_- - 15

113 - 4,8 1
123 4 S 4 1

114 2. .. 5 4, 9. 1 ... ...

124 1 2 5 4_ .1,9,10 i1 ,._

TEST NO. 189 PROPELLANT WT. 1 ,000 ,l

TRACEPRES SURE IMPULSE TAC
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE R\SELINE

114 2 18 4 1 15
124 5 16 4 2 15

1-140



I:
URS 652-35 AFRP,-'TR-68-92

Group 3

LO 2/RP-1 CONFINEMENT-BY-THE-MISSILE TESTS

TEST NO. 042 PROPFLLANT WT. 200 LB

.T TRACE
PRES SURE IMPULSE

STATION CHARACTERISTICS REMARKS

NUMBER (psi) (psi--msec) SHAPE BASELINE

121 ....

132 - - - -

113 560 148 6(2) 1 !

123 410 146 1(2) 2

114 180 104 12 1
124 160 117 12(7) 1

TEST NO. 058 PROPELLANT WT. 200 LB

TRACE
PRESSURE IMPULSETRC

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - - - -

132 - - 12(7) i
113 - - 12(2) 1 ]
123 - 137 12(7) 1
114 - _- - 12.3 1
124 120 86 12(7) 1

"TEST NO. 086 PROPELLANT WT. 200 LB

TRACE

STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SSSHAPE BASELINE

"121 512 - 4(2) 3
132 452 100 1(7) 2
113 241 Ill 1(12) 2

123 176 99 5(7) 2
114 57 52 5(2) 2
124 64 46 17(2) 2

1-141
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URS 652-35 AFRPL-TR-68-92

LO2 /RP-1 CONFINEMENT-BY-THE-MISSILE TESTS

TEST NO. 044 PROPELLANT WT. 200 LB

PPLE SURE IMPLLSE TRACE

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE I BASELINE

121 ....

132 - -. -

113 300 124 12(7) 1

L 133 - 135 6(7) 1

114 - - 12(7) 1

134 70 58 12(5,2) 1

5fEST NO. 087A PROPELLANT WT. 200 LB

PRSUR MPLETRACE

STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS
N-M•BER (psi) (ps i-msec• SHAPE BASEZINE

"121 - . . .

Ali 1.32 463 95 5(2) 11%• 113 188 74 7 2

123 189 73 1 2

114 58 62 10(2) 2

, 124 58 46 1 (2) 1,2

TEST NO. 095A PROPELLANT WT. 200 LB

STATION PRESSURE IMPULSE TRACE

SAINCHARACTERISTICS RLEMARKS
',NUMBER (psi) (ps i-fasec )

N1T~ER (ps) 1 ps1~rnec) SHAPE BASELINE

1 ..1 289 143 4212 2

132 480 167 12 2

113 132 102 a2,7,4 2
123 150 109 12,7 1
114 64 67 1' _ 2

"124 64 54 12 1
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URS 652-35 AFRPL-TR-68-92

LO /RP-1 CONFINEfy[ENT-BY-THE-MISSILE TESTS
. 41 2

TEST NO. 101 PROPFLLANT WT. 200 LB

S... .. TRACE
STAION PRESSURE IMPUJLSETRC

STATION CHARACTERISTICS REMARKS
"- NUMBER (psi) (psi-msec) SHAPE BASELINE

121 560 315 12.7 1
132 503 171 12 2
113 237 137 12.3 1
123 218 147 12.7 1

' 114 75 104 2
124 - - 10.7.3 2

TEST NO. 237 PROPELLANT WT. 200 LB

PRESSUR IMUS TRACE-

*• I STATION PRESSURE IMPULSE TRACE REMARKS

NUFMBER (psi) (psi-resec) SHAPE BASELINE

121 - - - _
132 216 28 7 -

113 283 135 712 1
__ 123 139 72 4 1

0-0 114 73 38 7111,12 1
-A 124 - 50 4 1 -1---------_

TEST NO. 238 PROPELLANT WT. 200 LB

STAION PRESSURE IMPULSETAE

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - .

132 341 37 12 1
"113 153 73 10 3
123 146 7 ii 1 3
114 45 - 12 2
124 57 46 12 2

-• 1-143
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URS 652-35 AFRPI,-TR-68-92

LO /RP-1 CONFINEMENT-BY-THF-MISSILE TESTS02

TEST NO. 239 PROPFLLANT WT. 200 LB

STATION PRESSSURE IMPULSE TRACE

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

1 2 1 ....

132 362 25 7 1
113 264 -67 10 1
123 182 110 4 1•'-•114 118 10 ,12 2 ,3

124 103 86 7,12 2,3

TEST NO. 174 PROPELLANT WT, 200 LB

PRESSRE IMULSETRACE

STATION PRSUE IPLE CHARACTERISTICS REMARKS
NUNMfER (psi) (psi-r' cc SHAPE BASELINE

121 480 471 _____

132 293 11,4,7,12 1
113 328 197 12,7,3 1
123 - - 1014 1

114 141 106 _0,12,3 1
124 128 90 121, 3 1

TEST NO. 240 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - - -

132 608 - 7 3
113 406 191 4 3 _____

123 189 69 4 3 _____

114 137 122 1 2.3____I 124 - 56 7,4,5 2.3

1-144
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URS 652-35 AFRPL-TR-68-92

LO 2 /RP-1 CONFINEMENI-BY-TIIE-MISSILE TESTS

TEST NO. 192 PROPELLANT WT. 1,000 LB

TRACE
PRESSURE IMPULSETRC

STATION CHARACTERISTICS REMARKS

NUMBER (psi) (psi-msec) SHAPE BASELINE

132 1 t065 584 4(2) 2
113 255 242 4 1
123 i80 206 4 2,10 2
104 41 41 10(1i) 2

114 93 88 1(4) 2
124 93 81 4(11) 3,2

TEST NO. 193 PROPELLANT WT. 1.000 LB

TRACE
STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

132 414 343 11.3 1
113 - - 4.7,3 1
123 - - 11.3 1 . !
104 116 94 12.3 1

13.4 89 100 4.7 1
124 103 94 12,7 1

TEST NO. 209 PROPELLANT WT. 1,000 LB

TRACEPRES SURE IMIPULSE
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) sHAPE BASELINE

132 836 - 12-_3._
113 340 - 12,72
123 - -7,3 3
104 - - -
114 --- 12,3,4 .] 2124 139 89 7,3 3
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URS 652-35 AFRPL-TR-68-92

LO 2/RP-1 CONFINEMENT-BY-THE-MISSILE TESTS

TEST NO. 270A PROPFLLAliT WT. 1 000 LB

TRACEPP.ES SURP• ItPWLSE
STATION CHARACTERISTICS REMARKS
NUMBER (psi) .psi-msec) SHAPE BASELINE

121 .....
132 ....
113 - - -

123 335 96 11 1
114 133 117 1215 1
124 141 119 10 12.3 1

TEST NO. 275 PROPELLANT WT. 25,000 LB

TRACE
PRESSURE IMPULSE

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-Insec) SHAPE BASELINE

134 - - 2 2
115 36 167 82, 2 2
125 27 139 5 2 2
116 - - -

126 - - - -

TEST NO. 278 PROPELLANT WT. 25,000 LB

r •'•TRACE I
STATION PRESSURE IMPULSE CHARACTERISTICS I REMARKS

NUMBER (psi) (psi-msec)

123 ...
114 949 698 7,4,3 1 ......
115 393 - - i
125 277 503 7,4 1
116 229 - -

126 - 248 .. -

lv1-146
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URS 652-35 AFRPL-TR-68-92

LO /RP-1 CONFINEMENT-BY-THE-MISSILE TESTS

2I

TEST NO. 282 PROPYLLANT WT. 25,000 LB

TRACE

PRElssuRE IMPULSETAC
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE 4_ _

123 - --- ______

134 .1038 813 12.3 1 i

115 369 - 2,4,7 I1_
125 386 855 21,4,_ 7 1 i
116 160 - 14____2__
126 1.27 533 8,21

TEST NO. 047 PROPELLANT WT. 200 LB

PRESSURE IMPULSETAC
STATION CHARACTERISTICS REMARKS
NUIMBER (psi) (psi-msec) SHAPE BASELINE

121 -

1 3 2 ...- -

113 - - 12 2

123 145 80 7(6) 1 ______

114 35 - 5(7) 1
124 - ,33 9(7,10) -

TEST NO. 049 PROPELLANT WT. 200 LB
S~TRACE

STATION PRESSURE IULSE CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - - - _

132 - - -
113 290 89 12(3) 1

123 200 82 4(5) 1

114 - - 5(p,7L 1

124 68 37 12 2 _____
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URS 652-35 AFRPL-TR-6 8-92

LO2 /RP-1 CONFINEMENT-BY-THE-MISSILE TESTS

TEST NO. 085 PROPFLLANT WT. 200 LB

TRACE

STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 472 133 4(5) 2
132 502 113 1(11) 1
113 221 79 7(2) 2
123 218 88 42 5 7 2
114 51 49 10(11) 2
124 - - - -

TEST NO. 046 PROPELLANT WT. 200 LB

TRACE
PRESSURE IMPULSETRC

A STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - - _-

132 - - -

113 - - 1(12)- 1
123 235 117 7 -

b, 114 - 0 1
124 56 47 7(10) 1

A TEST NO. 088 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 356 154 4.7 1
132 221 84 4,7 12 1
113 79 - 412 1
123 99 4,- - 1 I
114 25 25 _0,3_1___

124 24 20 3,71 ___--_'

i}•;• i1-1483



URS 052-35 AFRPL-TR-68- 92

LO 2/RP-I CONFINEMENT-BY-THE-MISSILE TESTS

TEST NO. 100 PEKPFLLANT WT. 200 LB

TRACE
PIRESSURE IMPULSESTATION CHARACTERISTICS REMARKS

NUMBER (psi) (psi-msec) SHAPE BASELINE _

121 398 216 10_12__7 1
132 713 - 10,12,7,3 2
113 285 114 12 1
123 282 131 10,12,7 1 1
114 85 74 12 1
124 68 70 12,4,7 1

TEST NO. 301 PROPELLANT WT. 94,000 LB

TRACE-"
PRESSURE IMPU'LSETRC

STATION CHARACTERISTICS REMARKS
NU`?BER (psi) (psi-msec) SHAPE BASELINE

116 45 310 - -

1 _

AF

1-149
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URS 652-35 AFRPL-TR-6 8-92
Group 4

LO /RP -1 CON F INEMENT -BY -THE -GROUND -SURFACE VERTICAL TEST'S
2

TEST NO. 096 PROPFLLANT WT. 200 LB

PRESURE N11PLSETRACE
STATION PESR IPLECHARACTERISTICS REMYARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE _____

121 - - 3 3 _____

132 246 72 12(4) 1 _____

113 129 69 1 1 _____

12 3 ' 11.9 61 1 1 ______

114 59 50 1 1 _____

134 52 44 -9 1 _____

TEST NO. 144 PROPELLANT WT. 200 LB

__ SATIO PRSSUR IMPLSETRACE
STTIN RESRE IMULE CHARACTERISTICS REMA~RKS

NUMBER (psi) Cpsi-msec) SHAPE BASELINE

121 1,897 -10(12,9) 1 _____

132 233 -10(1) 2 _____

113 - -3 -

123 216 ill l(12) 1
t16114 49 50 1 1

4F124 49 54 1 2

TEST NO. 202 PROPELLANT WT. 20 LB4

-lSAIN RSUE MUS TRACE
STAIO PESUR IPUSE CHARACTERISTICS REMARKS

NUMBER (psi) (psi-msec) SHAPE BASELINE

121 --- 9

132 -- 3 3 6
113 7 - 3 3 6
123 - - 12,3 3 6
114 56 74 10(12) 1 _____

124 58 157 1(2)1 _____

1-5



URS 652-35 AFRPL-TR-68-92

LO /RP-1 CONFINEMENT-BY-THE-GROUND-SURFACE VERTICAL TESTS
2

"TEST NO. 248 PROPELLANT WT. 200 LB

TRACE
PRESSURE IMPULSETRC

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - - - . 9
. 132 717 197 1(12) 2

113 75 36 5 2
-ý2 123 194 - 2(10) 1

114 55 51 1 1
w 124 - 43 9 1

TEST NO. 097 PROPELLANT WT. 200 LB

TRACEPRESSURE IMPULSETRC
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - 602 10(12) 2
4132 - 330 10(4) 2

-113 100 70 1 1
123 - - 4(2) 1
114 - 4(2 2 ----
124 - 67 1(12) 1

TEST NO. 208 PROPELLANT WT. 200 LB

TRACE --
PRESSURE IMPULSETRC

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - - - 9
132 340 - 12(7) 3
113 - - - - 10
123 - - - - 9
114 - - 4 213 10
124 90 66 12(11) 1 3

- • 
-5
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UP-.S 652-35 AFRPL- TR-6 8-92

LO2/RP-1 CONFINEMENT-BY-THE-GROUND-SURFACE VERTICAL TESTS

TEST NO. 232 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

132 2102 12(3) 1
113 146 2(3) 1
123 - - - - 9
104 - 88 3 1

114 33 32 5 1
124 97 20 12(2) 2

k TEST NO. 249 PROPELLANT WT. 200 LB

TRACE
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

132 675 -- _ 12 3 6113 - -20()- 2

123 - - 7(2) 2
104 97 93 10(2) 2
114 238 97 12 1
124 - 88 10(4) 1

TEST NO. 250 PROPELLANT WT. 200 LB

TRACE
STATION PRESSURE IMPULSETRC

STATION CHARACTERISTICS REMARKS
NIUMBER (psi) (psi-msec) SHAPE BASELINE

132 426 393 5(4) 2
113 397 145 1(2) 1
123 - - 71 3 ,1
104 86 98 12(5) 2
"114 159 70 1 1'"
124 156 81 1 2

1-152



URS 652-35 AFRPL- TR-68-92.

LO2 /RP-I CONFINEMENT-BY-THE-GROUND-SURFACE VERTICAL TESTS

TEST NO. 218 PROPFLLANT WT. i, 00 LB

PRESSUR IMPULSERACE
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

TES N . 21 RPLATW.L
NI~iBE (pi) (ps-msc) SHAPE BASELINE

132 763 - 4(2) 1
113 106 84 1(0) 11
123 105' 218 I(Ii) 1
104 36 23 1 1 1
114 63 65 1 (20). i
124 - - 3 2

TEST NO. 219 PROPELLANT WT. 1,000 LB

SAO PSUIP ETRACE
STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASlINE

132 571 133 1 1
f 113 - - 3 3

123 - 36 4 1i'--•104 49 98 1

114 152 52 5(2) _ .
124 116 8652 1 1

•iTEST NO. 220 PROPELLANT WT. liO00" LB

PRESSURE IMPULSE TRACE
SSTATION CHARACTERISTICS REMiARKS
S... f •NUMBER (psi) (psi-msec)

-•i tSHAPE BASEL.INE

•"•121 ....- 9

113 375 - 403) "3 6
123 241 363 4 1

- 114 434 147 -5(12) ... 1

1&4 515 86 7(12) 1(2)

S~1-153



UlR 652-35 AFRPL-TR-68-92

LO2!RP-1 CONFINEMENT-BY-THE-GROUND-SURFACE VERTICAL TESTS

TEST NO. 267 PROPELLANT WT. 1,000 LB

-t TRACE
PRESSURE IMPULuSETRC

STATION CHARACTERISTICS REMARKS

NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - - - 9
1.32 585 - 7 1

113 84 - 3 3 15

123 69 561 11 1 15

114 188 - 3 1
124 17 244 3 3 6

TEST NO. 268 PROPELLANT WT. 1 000 LB

TRACE

STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS

NUMBER (psi) (psi-msec) SHAPE BASELINE

low-121 - - - 9
132 - - 3i
113 195 173 3 1

123 220 752 11,4 1

114 401 - 10,7 3 6
124 337 593 7,3_ I

TEST NO. 284 PROPELLANT WT. 25,000 LB

PRESSURE IM11PULSETRCSTATION CHARACTERISTICS REMARKS

NUMBER (psi) (psi-msec) SHAPE BASELINE

114 271 - 11,5 15
115 76 - 4 1 12

125 64 - 8,4 1 12
116 35 - 5 1
126 68 - 3,4,7 1

1-154



URS 652-35 AFRPL-TR-68-92

LO 2 /ARP-- CONFINEMENT-BY-THE-ýGROUND-SURFACE VERTICAL TESTS

TEST NO. 285 PROPELLANT WT. 25,000 LB

STATION PRESSURE IMPULSE TRACE

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SAE BSLN

114 2,884 3____ _ _ _ _ _

115 1,998 2,5,;) 2,7,12 1
125 2,034 3,293 2,7,12 1

- 956 2,7,12 | _

TEST NO. 110 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE
STATION CHARACTERISTICS REMARKS
hUMBER (psi) (psi-msec) SHAPE BASELINE

121 7,3 1
132 - - 7,3 1
113 157 71 2(12) 2 1
123 144 76 1 1
114 68 61 1 1,
124 76 59 1(12) 2

TEST NO. 141 PROPELLANT WT. 200 LB

S....•". •TRACE
PRESSURE IMPULSETRC

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec)

SHAPE BASELINE

121 765 140 12 2
132 235 56 11(10) 2 -_ _

113 77 47 1(11) 1
123 67 61 10(9) 1
114 22 20 1(10) 2

f 124 - -3 1

1 -l55
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URS 652-35 AFRPL-TR-68-92

LO 2/RP-1 CONFINEMENT-BY-THE-GROUND-SURFACE VERTICAL TESTS

TEST NO. 205 PROPFLLANT WT. 200 LB

i -"• PRSSUR IMPLSETRACE

STATION PPSSURCHA CTERISTICS REMARKS

NUMBER (psi) (psi-msec) CHARE RISTICS
_________ SHAPE BASELINE

121 - - -9

132 579 21f 10(12) 2
•, • 113 191 121 110 1
=3 127 46 2(4) 1

114 - - 3 1
124 124 - 7 1

TEST NO. 206 PROPELLANT WT. 200 LB

TRACE
"STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS

NUMBER (psi) (psi-msec)S" SHAPE BASELIN4E

: ,121 9" -3-- i- 2;

-3 198 9(10) 1 6
23- 3 6

1 10(3) 1 6
124 3(2)_ 6

"TEST NO. 207 PROPELLANT WT. 200 LB

• i TRACE

PRESSURE IMPULSETAC
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (ps i-msec)SSHAPE BASELINE

121 - - - - 9
132 146 - 3 1
113 255 - 12(4)L 1
123 - - 3(2) 1
114 49 43 1 1
124 - - 7(3) J 1

1-156
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URS 652-35 AFRPL-TR-68-92

LO /RP-1 CONFINEMENT-BY-THE-GROUND-SURFACE VERTICAL TESTS

2

TEST NO. 236 PROPELLANT WT. 200 LB

PE STRACE
STATION ESUR IMPSE CHARACTERISTICS REMARKS

NUMBER (psi) (psi--msec) SHAPE BASELINE ____

11-- - - 9

132 389 72 2 2
_____L 113 213 128 11(2) 1 _-
___.__-____123 87 105 2(7) 1
________114 74 98 9(2.3) 1
__ __124 136 74 l(10) 2

TEST Ni). 107 PROPELLANT WT. 200 LB

TRACE• t• ~PRESSURE IMPULSETAC"
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 i 801 767 9(10) 1
132 - - - - 9
113 - - 3 1
123 150 69 10 3

114 43 64 11 1
124 60 64 1(2) 2

TEST NO. 142 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

A 121 618 200 7(2) 4

132 528 116 1(12) 1
113 145 95 1(2) 1. 1

123 101 67 1(10) I
114 49 39 1(2) 1
124 40 37 1 1.
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URS 652-35 AFRPL-TR-68-92

LO /RP-i CONFINEMENT-BY--THE-GROUND-SURFACE VERTICAL TESTS

TEST NO, 190 PROPFLLANT WT. 1,000 LB

TRACE

STATION PP{SSURZ IMPULSE CHARACTERISTICS REMARKS

NI NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - - - 9
132 1..048 - 12. 3 6

113 523 721 12,3 3 6
123 - - 3 3

114 [ 335 756.__ 7,3_i
124 - - 7,3 1

TEST NO. 269A PROPELLANT WT. 1 000 LB

STATION PRESSURE IMPULSE TRACE

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121. - - - 9
132 - - 7,3 3
113 2Y022 803 7,1 3 7
123 - 529 4,11 1

114 305 243 1 1
124 162 134 1 1

TEST NO. 098 PROPELLANT WT. 200 LB

S-] 'PRESSURE IMPULSE :

STATION CHARACTERISTICS REMARKS

A NUMBER (psi) (psi-msec) SSHAPE BASELINE

121 473 255 5 2
132 320 173 9(7) 2
1 13 96 91 10(2) 2
123 - - 10 1 ._

114 36 48 1 (2 =r 1
124 41 _ 45 ____(_2) 2

1-158
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URS 652-35 AFRPL-TR-68- 92

LO /RP-1 CONFINEMENT-BY-TIM-GROUND-SURFACE VERTICAL TESTS '

TEST NO. 154 PROPELLANT WT. 200 LB
• -° • ;- TRACE .

SPRESSURE IMPULSESTATION CHARACTERISTICS REMARKS

NUMBER (psi) (psi-msec) SHAPE BASELINE

121 585 208 6(5) 1 _ .
132 5)3 114 1(12) 2

113 - - 10(12) 1
123 - - 10(12) 1

114 49 40 1 2
124 38 40 1(lO) ___2

TEST NO. 099 PROPELLANT WT. 200 LB

PRESSURE IMPULSETAEi
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SSHAPE B3ASELINE

121 - 3 1
132 - '- 3 1

113 179 80 1 2
123 162 67 12 2

114 53 64 1 1
Ato 134 52 72 4(12) 2

TEST NO. 109 PROPELLANT WT. 200 LB

3, TRACE

PRESSURE IMPULSETACr
STATION CHARACTERISTICS REMARKS
NIWER (psi) (psi-msec) SHAPE BASELINE

121 348 132 1 2
132 285 97 1 1 _

113 76 46 1(11) 1
123 58 62 5(2) 1
114 40 36 1 (0) 2 ______

124 46 41 9 2
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URS 652-35 AFRPL-TR-68-92

LO /RP-i CONFINEMENT-BY-TIE-GROUND-S URFACE VERTICAL TESTS
2

TEST NO. 1.08 PROPELLANT WT. 200 LB

PRSUE IPLETRACE 1I: STATION PP.E. SURE CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SAE •BSLN

________ ________________ SHAPE__ BASELINE

121 - 10.7 3 7
132 1,087 - 10(12) 3 7
113 124 31 10(3)
123 125 63 10(2) 2
114 60 73 10(2) 2
124 63 76 1(12) 2 _ _

1-160
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URS 652-35 Group 5 AFRPL-TR-68-92

LO /RP-1 CONFINEMENT-.BY-THE-GROUND-SURFACE HORIZONTAL TESTS
2

TEST NO. 121 PROPFLLANT WT. 200 LB

PRESSURE IPLSE TRACE
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

- 121 - - - 9
132 1,173 1.0,1214 1
113 251 417,3 1
123 - - - 9
114 77 9,7,3 1

-••:124 83 12i

TEST NO. 122 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 .... 9
132 - - 10,7 1
113 262 92 1(12) 1

123 - - - -9

114 62 62 2 1
124 59 66 1 2

TEST NO. 123 PROPELLANT WT, 200 LB

TRACE
PRES SURE IMPULSETRC

STATION CHARACTERISTICS REMARKS

NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - - - 9
132 368 79 4(2) 2
113 - 203 10(3) 1
123 - - - - 9

11T 80 72 6(7) 2
124 - 41 2 2

i
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URS 652-35 AFRPL- TR-6 8- 92

LI 2 /RP-1 CONFINEMENT-BY-THE-GROUND-SURFACE HORIZONTAL TESTS

• 2':2

TEST NO. 176 PROPELLANT WT. 200 LB

TRACE
STATION PLEESuRE IMPULSE CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 854 10(12) 2

132 915 - 2(5) 2
113 309 254 7(2) 1
123 - - 4 1 10
114 131 123 7(5) 2
124 113 131 8(4) 2

"TEST NO. 177 PROPELLANT WT. 200 LB

TRACE
PRESSURE IMPULSE

STATION CHARACTERISTICS REMARKS

NUMBER (psi) (psi-msec) SHAPE BASELINE

121 575 300 4 2
132 355 299 403) 1_,
113 231 - 10(12) 1
123 244 - 4 2
114 - 68 10(12) 2

124 67 70 1 2

TEST NO. 155 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 11055 642 4(10) 1

132 - - 5(12) 2
113 - - 3 1

123 494 - 10(12) 1

114 140 103 10(7) 2
124 113 93 2 2 _ _

1-162
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URS 652-35 AFRPL-Tfc-68-92 "

LO2 /RP-1 CONFINEMENT-BY-THL-GROUND-SURFACE HORIZONTAL TESTS

TE2

TEST NO. 156 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - - 4(9,10 1_
132 1.182 53 10(12) 2

113 - - 4(9,10) 1

123 - - 7(10) 1
114 160 50 7
124 157 49 1(10) 2

TEST M. 124 PROPELLANT WT. 200 LB

ITRACE PRESSURE IMPULSETRC
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

A 121 259 28 2 1
132 305 55 12 2
113 54 - 11(2) 1
123 - - 3 1
114 28 26 11 1
124 23 23 11 11

TEST NO. 125 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - -73 3
132 847 - 7(2) 1
113 - 138 4 2
123 384 - 10(11) 1
114 - - 2 2
124 124 124 10 1

1-163
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URS 652-35 AFRPL-TR-68-92

LO 2/LH2 CONFINEMENT-BY-THE-GROUND-SURFACE HORIZONTAL TESTS

TEST NO. 127 PROPFLLANT WT. 200 LB

TRACE
PRESSURE IMPUL"SETRC

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-insec) SHAPE BASELINE

121 - -7 3 7
132 - - 10.3 2
113 302 100 1(12) 2
123 - - 1013 1_ __

114 65 88 1 2
124 75 95 1(12) 2

TEST NO. 140 PROPELLANT WT. 200 LB

TRACEPRE SSURE IMPULSETRC
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 718 225 703) $
132 264 37 12(3) 2
113 117 56 12(4) 2
123 93 72 1 1

114 45 37 1 2
124 44 44 1 2

TEST NO. 179 PROPELLANT WT. 200 LB

TRACE
PRESSURE IMPULSE

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - - 3 1
132 721 91 12(4). 2
113 196 88 1(2)- 1
123 - - 4 1
114 42 39 1 1
124 41 42 1 1

A&
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U•S 652-35 Grou 7 AFRPL-TR-68-92

LO 2/LH2 CONFINEMENT-BY-THE-MISSILE TESTS

TEST NO. 050 PROPFLLANT WT. 200 LB

TRACE
PRESSUR•E IMPUL•SETRC

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 .... 9
132 - 1 1
113 - - 1 1

a123 365 248 2 1
114- - 12(2) 1
124 105 156 4(3) 1

TEST NO. 051 PROPELLANT WT. 200 LB

TRACE
STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 _ - _ - ,9
132 - . ..
113 130 112 12 1
123 120 146 10(2) 1

114 45 81 12(5) 1

124 38 84 12,(5) 1

TEST NO. 093 PROPELLANT WT. 200 LB

TRACE

STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS
.1 NUMBER (psi) (psi-msec) SHAPE BASELINE

121 635 364 4(9) 1
132 573 173 12 1
113 222 184 2 2 . .
123 221 194 2 2

S~114 75 12 . 5,2 ..
• 124 - -3 i1

1-165

I Im!!



SURS 652-35 AFRPL-TR--68-92

LO 2 /LH2 CONFINEMENT-BY-THE-MISSILE TESTS

TEST NO. 053 PROPf.LLANT WT. 200 LB

STATION • SU•I2 •SE TRACE

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 .... 9
132 - - - 2 9
113 - - - 2 9
123 - - 7(2) 2 5
114 - - 11 (2) 2
124 - - 11(4) 2

TEST NO. 090 PROPELLANT WT. 200 LB

PRESSURE IMPU•LSE
•n STATION CHARACTERISTICS REMARKS
, NUMBER (psi) (psi-msec)

121 929 294 12(2) 1
132 359 13_2 1(2) 1
113 149 139 1(1,2) 2
123 153 183 1 1
114 47 98 1 1

134 42 76 1(4) 2

TEST NO. 091 PROPELLANT WT. 200 LB

TRACE
PRESSURE IMPULSE

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 503 264 1.(11) 1
132 217 88 1 (2) 1
113 67 77 1 1

123 63 77 1 1
114 43 60 i(_I) 1
124 21 44 1 (11) 1
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URS 652-35 AFRPL-TR-68-92

LO /LH CONFINEMENT-BY-THE-MISSILE TESTS
2 2

TEST NO. 118 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 372 114 4 1
132 241 71 4 1
113 110 73 1 1
123 - - 9(2) 2 10
114 31 66 1 1
124 30 66 1'(5) 1

TEST NO. 199 PROPELLANT WT. 200 LB

PRESSURE IMPPULSE TRACE
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

132 - - 3 2
113 92 48 12 2
123 102 39 2_l_) 2
1.04 14 - 4(2) 3
114 - - 113 2,36
124 23 26 4(10) 2

TEST NO. 200 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

132 279 - 10 3
113 98 72 1 1
123 87 35 1 3
104 16 48 1(2) 2
114 - - 10118 2
124 19 72 4(11) 1
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URS 652-35 AFRPL- TR-6 8-92

LO 2/Lt2 CONFINEMENT-BY-THE-MiSSILE TESTS

TEST NO. 167 PROPELLANT WT. 133 LB

TRACE' •¢"PRESSURE IMPULSE
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-nisec) SHAPE BASELINE ______

121 973 241 12 1
1.32 553 229 12 1
113 171 1 5 4(7) 2 i _,_--__

123 127 126 1 2
114 62 72 1(2) 2
124 47 71 4(1) 2

-: TEST NO. 172 P•OPELLANT 17T. 133 LB

r ~ - ITRACE
STATION CHARACTERISTICS REMARKS
NUMBER fpsi) I(ps-msec SE

121 755 -2(4) 3 ______

132 474 -1(12) 3 ____

* 123 191 162 10(1) I .. ..

114 72 91 4(2) 1

124 116 79 12(6) 2

TEST NO. 210 PROPELLANT WT. 1 ,000 LB

itPRESSURE IAUPLI'LSE TRACE
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

132 249 141 4(2) 1 ______

113 -- 11 2 10
123 - - - 2 9
104 - - - - 9

114 47 148 12 2

124 35 28 11 1

1-168
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URS 652-35 AFRPL-TR--6 -92 M

LO 2/LH2 CONFINEMENT-BY-THE-MISSiLE TESTS

"TEST NO. 212 PROPFLLANT WIo 1 LB

I TRACE
PRESSURE II•'-Lj. E

STATION CHARACTIRISTICS REMARKS
NUMBER (i psiisec) SHAPE BASELINE

12. - - - 9
132 371 125 4 1.
113 .... 9
123 158 55 1 1
114 38 - f1(2) 2
124 36 ]'.7 1(4) 2 " "

TEST NO. 213 PROPELLANT WT. 1,000 LB

PRE SSURE IMPULSE TRACE
S2ATION CUARACTERISTICS REMARKS
N'UThBER (psi) (psi-msec)'iSHAPE BASEL INE

132 - - 3

1.13 353 41.1 4(2) . 2,
1.23 637 189 11(2) 2 ___
104 - - 3 2

114 - .6(2) 2 h-
124 194 188 1 1 2

TEST NO. 265 PROPEIJANT WT. 1,000 LB

PRESSURE IMPULSE TRACE
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) P(psi SHAPE BASEL INE

°•*• __ 113 ,. - 175 4.,9) . 1 ,
• •123 145 373 Ii1 2

•.104, 31. 37 11(l) I;
1 . 14. 55 135 1 1

' .•124 58 66 Ii . (I) 1
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URS 652-35 AFRPL-TR-68-92

LO 9 /LH CONFINEMENT-BY-THE-MISSILE TESTS
2

TEST NO. 277 PROPELLANT WT. 25,000 LB

STTIN PRESSURE IMPULSE TRACE
ATIONCARACTER1;I S REMARKS

NUMBER (psi) (psi--msec) SHAPE _i___.ENE

116 8 27 1 1 15

126 5 24 1 1 15

T rEST NO. 279 PROPELLANT WT. 25,000 LB

"TTO PRESSURE IMPULSE REARK

•, STATION CHARACTER I T , REMARKS
NUMBER (psi) ps.-m.<ec) SILAPE BASEI J NE

114 .... 15
115 .... 15

125 --- 15
116 - - - - 15
126 .... 15

TEST NO. 281 PROPELLA'NT WT. 25,000 Lb

STATION PRESSURE IMPULSE CIHARACT7I.RSTICS REMA RKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

"114 - - 15
115 .- 15
125 .- 15
116 -o - i{ 5

126 - 15-

I1-170
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URS 652-35 AFRPL-TR-68-92

LO /LH CONFINEMENT-BY-THE-MISSILE TESTS
22

TEST WE. 052 PROPELLANT WT. 200 LB

t• PRESSUP•1 IMPULSETRE
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec)

1 SHAPE BASELINE
t• -•121 ... 9

132 - - -

113 4.9
123 - - 491
114 23 30 1
124 17 23 1(2_) 1

7TEST . PROPELLANT WT. 200 LB

i• . TRACE
' STATION PRESSURE IMPULSE
ST CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec)

SHAPE BASELINE

132 - - 11 1 15
113 - - 11 1 15
123 - - 10(7) 2 .....
114 - - 11 2
124 - - 2

134 9 11 1 1

TEST NO. 092 PROPELLANT WT. 200 LB

il• TRACE
PRESSURE IMPULSE RESTATION CHARACTERISTICS REMARKS

NUMBER (psi) (psi-msec)SSHAPE BASELINE

132 179/137 57/95 1 1 , 1 2 /11,4 1 17
113 81/ 48/ 1/3 2
123 58/ 52/ 1/3 2

_.t 114 26/23 38/94 11,12/11,4 1(2) 17
124 22/13 3/69 1,12./12 1 17
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LO 2/LH2 CONFINEMENT-BY-THE-MISSILE TESTS

TEST NO. 054 PROPFLLANT WT. 200 LB

TRACEPRESSURE IMPULýSE
STATION CHARACTERISTICS REMARKS
NUMMBER (psi) (psi-rosec) SHAPE BASELINE

132 - - 12(11) 1
113 - 5(11) ]
123 - - - 9
114 - - 11(i)
124 13 27 11 1

S134 30 36 8 1

TEST NO. 055 PROPELLANT WT. 200 LB

ST PRESSURE IMPULSE TRACE
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

132 15- - 1 15
113 - 1i 1 15
123 - 8 1 15
114 -- i, 8 '124 7 10 9(11) 1

134 6 11 9 1

TEST NO. 094 PROPELLANT WT. 200 LB

PRE•SSURE IMPULSETRC
I •-STATION CHARACTERISTICS REMARKS

NUMBER (psi) (psi-msec)

121 829 207 1 2
132 629 ,,176 4(2) 2

-A113 180 148 i (2) 2
123 171 133 6(2) 2
114 63 78 2(5) 2

124 89 79 12(2) . 2
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LO 2/LH 2CONFINEMENT-.BY-TEI'E-MISSILE; TESTS

TEST NO. 138 PROPFLLANT WT. 200 LB

PXSSR APSETRACE"
STATION J ES IMLSE CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 332 112 4 2
132 - - 3 2 ,_,

113 55 49 12(1) 1
123 56 89 1 1 1
114 35 50 1 1
124 35 48 1 2
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"Group 8

LO /LH CONFINEMENT-BY-THE-GROUND-SURFACE VERTICAL TESTS
2 2

TEST NO. 105 PPOPELLANT WT. 200 LB

PRESSURE IMPLLSE
STATION CHARACTERISTICS REMARKS

NUMBER (psi) (psi-msec) SHAPE BASELINE

¶ 121 210 116 1 2

132 139 44 1(10) 1

113 92 58 1(11) 1
123 61 62 5(11) 1 i

124 26 27 1 1
134 35 37 1 1

TEST NO. 152 PROPELLANT.WT. 200 LB

N PRESSURE IMPULSE TRACE
STATION CHARACTERISTICS REMARKS

NUMBER (psi' (psi-Insec)
,.' 9w-- 

SHAPE BASEL INE

121 - 7 3

132 - - 7 3
113 -- 10.11.3 1
123 249 143 10,71

114 27 40 12.4 2
124 55 52 12 2

TEST NO. 153 PROPELLANT WT. 200 LB

J TRACE;.-Ak,! PRES SURE IMPULSETRE

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

-121 351 - 7 1 8
132 356 - 7 1 8
113 272 - 12 2 8

123 163 - 10(11) 2 8
114 51 - 1(2) 2 8

124 59 - 10(2) 2 8
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SLO2/LI CONFINEMENT-BY-THE-GROUND-SURFACE VERTICAL TESTS
2 2

TEST NO. 184 PROPELLANT WT. 200 LB

"STTISRESURI2 IMPLL•SE TRACE

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (ps i-msec) SHAPE BASELINE

121 1 021 - 10(12) 1
132 609 212 427 2
113 171 95 1(12) 2
123 - 109 11(10) 1

S114 - - 534,3 3
124 46 - 1(11) 1

TEST NO. 201 PROPELLANT WT. 200 LB

TRACE
PRESSURE IMPULSE

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 . - 9
132 389 - 4(12) 3
113 - - 3 31!23 -- 3 •114 - 10.o6.3
124 121 -7, 33

TEST NO. 225 PROPELLANT WT. 200 LB

TRACE
PRESSURE IMPULSESTATION CHARACTERISTICS REMARKS

NUMBER (psi) (psi-resec) SHAPE BASELINE

121 .. 9.. ..
132 - - 1(7) 1
113 224 156 1 1
123 - - 30 11 3
114 41 83 4(2) 1
124 - 80 8 i
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LO 2/LH2 CONFINEENT-BY-TIM-GROUND-SURFACE VERTICAL TESTS

A TEST NO. 197 PROPFLLANT WT. 200 LB

TRACE:"PRESSURE IMPULSETRC
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - - 9
132 - 3 2
113 341 12(3) 1
123 138 110 10,4 1
114 - - 3 1

124 3 2

TEST NO. 203 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - 9
132 - - - 9
113 148 186 10 3
123 204 - 11(1) 1
114 40 - 1o(4) 2 2
124 66 77 11(2) 1

TEST NO. 204 PROPELLANT WT. 200 LB

TRACE

STATION PRESSURE MULSE CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - - - 9
132 1,823 657 12(4) 1

113 486 231 12(10) 1
123 323 - 3(12) 3
114 83 - 10(2) 3

124 96 136 5(1) 2

1-176



URS 652-35 AFRPL-TR-68-92

LO /L1 CONFINEMENT-BY-THLE-GROUND-SURFACE VERTICAL TESTS
2 2

TEST NO. 229 PROPELLANT WT. 200 LB

SAI...R TRACE
r!STATION IPPSSUR IMPULSE CHARACTERISTICS REMARKS

NUMBER (psi) (psi-msec) SHAPE BASELINE _

121 - - - 9
132 570 224 4(5) .1
113 61 85 5 - 1

123 - - 3 1
114 31 51 1 2
124 52 78 6(5,2) 2

TEST NO. 230 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - - ,.9
132 407 84 1 2
113 226 87 1 1
123 148 143 1 1
114 67 51 1 1
124 57 43 1(11) 1

TEST NO. 231 PROPELLANT WT. 200 LB

N PRESSURE IMPULSE TRACE

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - - - 9
132 419 185 4(12) 1

,•113 -129 8 1

123 302 - 11(10,2) 3
114 50 4411

_ _124 69 57 1 _ _-, 1
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LO2 /LH. CONFINEMENT-BY-THE-GRObUND-SUJRFACE VERTICAL TESTS

TEST NO. 251 PROPE.LLANT WT. 200 LB

STATION PRESSURE IMPULSE TRACE

SCHARACTERISTICS REMARKS
4 NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - - - -

132 - 391 2(4) 2
113 - - - 3
123 - - 10 3

0 114 421. 183 12(4) 1
124 178 - 1(4) 3

TEST NO. 252 PROPELLANT WT. 200 LB

F I
TRACE

STAION PRESSIJR IMPULSETRC
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - - - - 9
132 377 181 4(5) 2

113 - 74 1013 3
123 - - 10,3 3

S114 44 57 1 1

124 170 69 12(2) 1

TEST NO. 254 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE

STATION CHARACTERISTICS REMARKS
-- NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - - - 9
132 - 110 10(11) 2

113 - 159 4,5 2
123 345 214 5(4) 1
114 80 65 4(5) 3
124 47 61 4(11,5) 1
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LO /LH CON FINEMENT-BY-THE -GROUND-SURFACE VERTICAL TESTS
2 2

TEST NO. 211 PROPELLANT WT. 1,000 LB

S: TRACE

STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - - - - 9
132 563 282 1 1
113 253 108 1 1
123 141 71 10(11) 1 1
114 86 76 1 1
124 101 139 10(11) 1

TEST NO. 217 PROPELLANT WT. 1,000 LB

1TRACE--
STAION PRESSURE IMPULSETRC

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - -9

132 - - 73 3 3
113 254 257 5(4) 1
123 - - 3.7 3
114- - 3 1

4 124 376 229 4(12) 1

TEST NO. 262 PROPELLANT WT. 1,000 LB

,t-p TRACESTATION PRESSURE IMPULSE

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - - - 9
132 2,076 608 7,3 1

113 476 228 10(11) 1
123 880 398 4(5) 1
114 - 371 8,10,11 1
124 808 1,087 4(5) 1
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LO 6LHO CONFINEMENT-BY-THE-.GROUND-SURFACE VERTICAL TESTS

TEST NO. 264 PROPFLLANT WT. 1,000 L1B

-H-- 'P. STATION CHARACTERISTICS REMARKS

"NUMBER (psi) (psi-msec) SHAPE BASELINE

121 9
"132 1,112 335 12,3 1
113 281 155 514 1
123 345 178 12,5,4 1
114 177 - 4 3 1
124 284 328' - 1 5 _1

TEST ND. 266 PROPELLANT WT. 1~ 000 LB

TRACE
PRESSURE IMPULSE

0%STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - - - - 9
132 1,113 254 1 1
"113 248 il 17(5) 1.
123 252 150 5(11) 1

___114 88 133 1(11) 1
124 379 261 1 1

TEST NO. 288C PROPELLANT WT. 25,000 LB

I TRACE
PRESSURE IMPULSETRC

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SAE BSLN

114 - - 1041 _____

115 206 718 7.5 1
125 269 - 7 4 1
116 139 - 1
126 150 363 412 1
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LO 2/L12 CONFINEMENT-BY-THE -GROUND-SURFACE VERTICAL TESTS
-2 2

TEST NO. 289 PROPELLANT WT. 25,000 LB

TRACE
STATION PRE.SURIU IMPULSE CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec)V• S-11APE BASELINE

114 208 2.002 i2,8 3

115 74/97 493 4.3 1 1
125 115 - 1213 3 6

116 - - _ 9
126 97 303 1.,i0 1

"TEIST NO. 290 PROPELLANT WT. 25,000 LB

SAIN PRESSURE IMPULSE

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) S BASELINE

SHAPE BASELINE

114 385 284 1238 3
115 185 430 10,12,7 3 1.
125 151 - 3 3

116 - - 3 1 9
126 96 262 31_ 1 _---

TTEST NO. 114 PROPELLANT WT. 200 LB

TRACE
PRESSURE IMPULSETRC

STATION CHARACTERISTICS REMARKS
NUIMBMER (psi) (psi-msec) SHAPE BASELINE

_x121 204894 10(9) 2

132 12884 10(12) 1 _____

113 181 122 1 2
4 123 208 116 10(8) 1

1114 J 84 1].3 1(2) 1 ____

124 J.88 84 1 2
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LO /LH2 CONFINEMENT-BY-THE-GROUND-SURFACE VERTICAL TESTS

2 2____ _______ _______________

TEST NO. 150 PROPFLLANT WT. 200 LB

S TRACE

STATION .....SUR IMPLSE CHARACTERISTICS REMARKS

NUMBER (psi) (psi-msec) SHAPE BASELINE

121 I - 10 3

132 - 10 3

113 205 - 1(2) _ _

123 156 134 10 1

114 90 86 1 2

121, 1 65 86 1 2

TEST NO. 151 PROPELLANT WT. 200 LB

PMTRACE

STATION PRESSURE IMPULS. CHARACTERISTICS REMARKS
NUThBER (psi) (psi-msec) SHAPE IASELINE

121 944 500 2(10) 1

132 778 - ' 1(12) 3

113 322 - 7(1.0) 2

123 318 233 1(12) 2

114 100 99 10(2) 2

124 - - 9(2) 2

TEST NO. 195 PROPELLANT WT. 200 LB

PRESSRE IPULSTRACE
STATION PIES SI RE IMPULSE CHARACTERISTICS REMARKS

121 - --- 9NUMER psi (pi-mec) SHAPE B3ASELINE

132 399 38, 2(4) 1

113 362 135 3(2) 1

123 361 132 12(4) 1

114 - - 7(2) 2

124 18- 121 ,3
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102 /LH 2 CONFINEMENT-BY-THE-GROUND-SURFACE VERTICAL TESTS

"TEST NO. 226 PROPELLANT WT. 200 LB

STATION CHARACTERISTICS REMARKS

NUMBER (psi) (psi-msec) SSHAPE BASELINE

121 - - -
132 445'" 203 1(12) 1

113 147_____ 102_____ 1_____2

123 136 61 11(2) 1= ••1'14 - 43 91
. 124 154 58 1i

TEST NO. 215 PROPELLANT WT. 1Q000 LB
T-RAC.

PRESSURE IMPULSE
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

-121 - - - -
132 786 508 4(2) 1
113 - - 10
123 189 3
114 Ii0 676 9(10.4) 1
124 112 94 1(6) 1

TEST NO. 216 PROPELLANT WT. 100 LB

TRACE
STATION PRESSURE IMPULSE CHArACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 9-9
132 694 382 1(12) 2 -

f 113 220 92 4(10) 1 12
123 120 40 4 1 12
114 137 317 10(11) 1 12
124 78 50 1 I
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LO 2/LH2 CONFINEMENT-BY-THE-GROUND-SURFACE VERTICAL TESTS

TEST NO. 104 PROPFLLANT WT. 200 LB

TRACE

STATION PPRESSURI IMPULSE CHARACTERISTICS REMARKS
NUMBER (psi) (psi-nisec) SHAPE BASELINE

121 203 68 10,11 2

132 110 44 1011ii 1
113 - - 1014.8 I

123 - - 10,4,8 1 15
114 32 34 1.9 2
124 - 17 4,3 1

TEST NO. 164 PROPELLANT WT. 200 LB

TRACEPRESSURE IMPULSE
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (ps i-msec) SHAPE BA LINE

121 - - 7 1 15
132 198 3- 4,7111 1
113 83 23 4111 1
123 42 37 11 _5 1

114 20 27 1114 . . ,_
124 12 31 11,5 1

TEST NO. 165 PROPELLANT WT. 200 LB

TRACE
STATION CHA RACTERIL TICS REMARKS

NUMBER (psi) (psi-msec) SHAPE Pl'SELINE

121 523 209 12,7,11 1
132 599 182 12,7 1
113 115 53 417 1
123 48 55 4,5 1
114 37 34 1,__2___
124 23 33 4,2 1

1-1.84



URS 652-35 AFRPL-TR-68-92

LO /LH CONFINEMENT-BY-THE-GROUND-SURFACE VERTICAL TESTS
A2 2

-_ TEST NO. 103A PROPFLLANT WT. 200 LB

"• .... TRACE"•"•-•'ST•TON PRESSURE IMPULSE
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPESHAPE BASELINE

121 544 241 1(12) 2
132 - - 8.4,3 1
113 ill 185 1(2) 1A. 123 92 203 1 1

1-/'i14 53 85 1 2

124 65 100 1(2) 2

TEST NO. 116 PROPELLANT WT. 200 LB

TRACE
STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 1,058 213 12 1
132 - - 12 1 i
113 118 56 i(11) 1
123 79 60 1. 1
124 42 36 1 2
134 41 f 36 1 2

TEST NO. 160 PROPELLANT WT. 200 LB

P R ITRACE
STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 1,258- 4(l) 1
132 1.089 _ -_.0(12) 3
113 243 - 10(2) 2
1.23 196 138 10(2) 1

114 - 81 1. 2 _

124 84 - 1(2) 2

11
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LO /LH CONFINEMENT-BY-THE-GROUND-SURFACE VERTICAL TESTS
2 2

TEST NO. 161 PROPELLANT WT. 200 LB

- ~PRESSURE IMPULSETAC
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

, 12Y. 396 - 1(12) 3
132 308 87 10_(11) 2
113 108 - 2(1) 2
123 53 46 1 1 ..
114 31 30 1 i
124 23 26 1 ].

TEST NO. 113 PROPELANT WT. 200 LB

STATION PRESSURE IMPULSE CHARACTERISTICS

NUMBER (psi) (psi-msec)
SHAPE BASELINE

132 466 347 10_____

113 403 313 4(2) 1
123 497 316 1(12) 2
114 119 129 1 1
124 12G 144 2(10) 2
134 99 141 10(2) 2

TEST NO. 115 PROPELLANT WT. 200 LB

N PRESSURE IMPULSE TRACE

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 714 134 1(12) 1
132 377 68 1(12) 1
113 88 75 10(2) __ 2 ______

123 6,4 86 1 1
114 30 58 11(10) 1124 32 66 11(10) 1
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:•..,,:;,,•!Group 9

Uit 652:,5 LO2 /LH 2 CONFINEMENT-BY-THE-GROUND-SURFACE HORIZONTAL TESTS

2 "

TEST NO. 131 PROPELLANT WT. 200 LB

STTIN PRESSURE IMPULSE TRACE

Ai STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - - - - 9
132 417 91 12 1
113 88 57 10 I
"123 - - - - 9
114 24 32 1(10) 3
124 - 31 12 3

TEST NO. 132 PROPELLANT WT. 200 LB

TRACE
"STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS
IUMBER (psi) (psi-msec) SHAPE BASELINE

121 594 201 1(12) 1
132 - - - 9
113 113 61 10 2
123 - - 3 1
114 25 29 10•1) 1
124 22 30 1 1

TEST NO. 133A PROPELLANT WT. 200 LB

!) -• • TRA CE ..SAIN PRESSURE IMPULSE

STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec)SSHAPE BASELINE

•.121 685 226 4(3) 1
•,132 318 82 4(12) I

A*

I'L;k 113 110 8511

-:•'1 -23 - 77 4 1
1].4 28 - .0 2

1432 36 1 1 2

1-187
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LO /LH CONF INEMENT -BY-THE-GROUND-SURFACE HOR IZONTAL TESTSS2 2

TEST NO. 185 PROPELLANT WT. 200 LB'

'• ~TRACE '

STATION pRESSURE IMPULSE CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - -. 9
132 728 98 12 2
113 130 - 1(10) 1
123 118 59 1 1
114 33 31 1 1
124 - -9 -

TEST NO. 186 PROPELLANT WT, 200 LB

TRACE

STATION PRESSURE IMPULSE CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SHAPE

121 1,413 241 12 1

132 - - 3
113 118 - W)

123 - 69 9(4) 1
114 26 33 1 i
124 33 38 1(10) 1

TEST NO. 223 PROPELLANT WT. 200 LB

PRESSURE IMPULSE TRACE
STATION CHARACTERISTICS REMARKS
NUMBAUER (psi) (psi-msec) SHAPE BASELINE

121 ... 9

132 744 164 4
113 137 68 1 1
123 63 43 4(8,2) 1
14 40 32 1 1
12- 40 35 11 1

1-188
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LO2 /LH2 CONFINEMENT-BY-THE--GROUND-SURFACE HORIZONTAL TESTS

TEST NO. 224 PROPFLLANT WT. 200 LB

PRESSUPRE IM[PULSETRC
STATION CHARACTERISTICS REMARKS
NUMBER (psi) (psi-msec) SPAPE BASELINE

121 - - - - 9
132 121 96 11(4) 1
113 122 157 9 1
123 - - 8(7) 1
114 37 44 1 1
124 24 23 9 1

TEST NO. 183 PROPrLLANT WT. 200 LB

PRESSURE IMPULSE TAC

STATION CHARACTERISTICS REMARKS
NLUEhER (psi) (pCi-msec) SHAPE BASELINE

121 845 58 12 -
132 - ....- 9
113 108 64 1,__2 -

123 119 76 12,2 -
114 48 46 - -
124 47 57 - -

TEST NO. 196 PROPELLANT WT. 200 LB

ITATION PRESSURE IMPULSE TRACE
TTIO CHARACTERISTICS REMARKS

NUMBER (psi) (psi-msec) SHAPE BASELINE

121 - - - 9
132 576 - - -

113 - - - 9
123 222 58 12,3 1

14- - - - - 9
12 35 44 11,4 -
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LO2 /LH2 CONFINEMENT-P' r111-<i;ROUVD-SURFACE HORIZONTAL TESTS

TEST NO. 228 P?:PEIA'- 'NT. 200 LP

PRESSURE, E'AP M .TC
STATION R-ARI., ;TICS REMARKSNUMBER (psi) t:=me: :_P tSLN

______ PE RAE.LINE
121 - 1 b 4 -9

1.32 6931 -

113 254 7-
123 183 . -

114 79 ____4__-

124 - ____- -

TE ST NO. 253 'OPEL . " 200 LB

TRACE
PRESSURE "I j[,<

STATION CAARACTER ISTICS REMARKS
NUMBER (psi) (p-.,e

,iAPE iBA!ILINE

132 683 I 21. -1.2 1
113 410 1.2 3 6
123 368 l3 3
104 101 Kl' L.O12 1 ,
114 11_ _ _ 1 ______

1.24 -. 2 ,7,3 3 6

Lt -190



URS 652-35 Gru 0AFRPL- TR-6 8-92Grouip 10 i

LO /LH Special Tests
2 2

TEST NO. 233 PROPELLANT WT. 200 LB

TRACEf,
PRESSURE IMPULSE

STATION CHARAcTERis'r1iC3I REMARKS
NUMBER (psi) (psi-msec) SHAPE BASELINE

132 362 164 4,12 1
113 447 169 12 2 _-_

114 55 - 2 3,2,11 2
124 72 41 11 1(2) . _

TEST NO. 242 PROPELLANT WT. 200 I.M3

SAOSSURL IMPULSE TRACE

STATION CHARACTER I'3TTCS REMARKS
NUMBER (psi) (pEi-sc) I NE

132 592 288 1 1 L
113 136 - 3 2
114 165 186 -10,7 2
124 95 i73 I1 3 1

1I1.91

1 -1.91
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Section 2

THERMAL DATA

This section consists of a presentation of the basic thermal data that

were obtained from the 25,000-lb and Titan I tests. The following data are

included:

"* Heat flux density computed from measurements of the surface temperature
of slabs, and a selected sample of the corresponding slab surface
temperatures. (All available flux density data from the 25,000-lb
and Titan I tests are included. However, data from Tests 277, 281,

and 282 are not presented; substantial winds in an unfavorable
direction prevented significant instrument response.)

" Radiant flux density within the fireball. (All useful data are
included. However, a limited quantity of reliable data was obtained

due primarily to transducer failure and failure of the window purge
system. No Titan I data were obtained.)

"* Radiant flux density outside the fireball. (All available data from
the 25,000-lb-and Titan I tests are included.)

"* Gas temperature as indicated by the thermocouple probes--Sandia
Corporation instruments. (Only a sample selection of data from the
25,000-lb tests is presented.)

Gas temperatures as indicated by the photographic recording pyrometer -

a Sandia Corporation instrument--are not included. However, a graphic summary

of these data is given in Section 6 of Volume I.

The data are organized as indicated in Table 2-1.

The heat flux density data for stations H and S are presented in pairs,

one pair for each station, corresponding to the adjacent slab pairs that existed

for these two stations as described in Appendix C of Volume I. Usually, the

exposed surface of one of each pair was coated with a black deposit, and their

companion slabs were either coated-with a 'white" deposit or the surface was

polished. In order that the degree of similarity under identical instrument

conditions could be revealed, both slabs at Station H for Test 2'11 were coated

black. These deposits are identified and their properties discussed in Appendix

C of Volume I, and the surface condition and slab material for each measurement

2-1
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Table 2-1

t :ORGANIATION OF THERMAL DATA

4 FIGURE FIGURE
THROUGH DATA DESCRIPTION

NUMBER NUMBER

Heat flux density and selected slab sur-
2-1 2-9 -ace temperatures for 25,000-lb L0 2 /RP-l

tests.

Heat flux density and selected slab sur-
2-10 2-28 face temperatures for 25,000-lb LO2 /LH 2

tests.

,--AV 2-29 2-31 Heat flux density for Titan I test.
Jr

Radiant flux density within the fireballS. 2-32 2-33-b
S-22- for 25,000-lb tests.

A Radiant flux density outside the fireballlip 2-34 2-36 for 25,000-1b L0 2 /RP-l tests.

2-37 2-39 Radiant flux density outside the fireball

- for 25,000-lb LOJ/LH2 tests.

2-40 2-40 Radiant flux density outside the fireball

for Titan I test.

2-41 2-3 Temperature of thermocouple probes for

2-4, 2- 3 25 ,000-lb tests.

-A

is indicated on the data figure. Since slight differences in the instruments

of a given pair of slabs are inevitable, the associated bias was minimized by

frequently transposing the sequence or order of the coating arrangement for a

r• given pair.

For Station P, the slabs at positions 1 through 4 were coated blacc., while

Position 5, the conjugate of Position 3 with respect to gas flow, was coated

white.

Stations H and S were always instrumented with a pair of slabs, and Station4 P (which existed only for Tests 288 through 290 and the Titan I test) always

2-
:,2-2

.*.•

I a II II
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with five slabs. Any omission of the corresponding heat flux data from this

arrangement is due, with one exception, to instrument destruction during the

test. The measurement at Position 3 of Station P for the Titan I test is not

presented due to an inordinately noisy temperature record.

The heat flux density for a black-coated slab will ten. o exceed that for

a white-coated or polished slab due to the marked difference .n radiation

absorbing properties. An exception to this was obtained at Station H for Test

275 (Fig. 2-3), where it can be seen that the flux for the polished slab

exceeded that for the black slab by the order of 10 percent for approximately

the first second. It is not possible to clearly identify the responsible

mechanism for this anomaly since several factors are involved. It does not

appear probable that the anomaly is due to differences in the gas temperature

adjacent to the two slabs since it is unlikely that such differences would be

sustained for a second. The following factor may have contributed to the

irregularity: The thermocouple junction for the slab with the deposit was

effectively at a slightly greater depth, with the consequence that the tem-

perature transducer of the coated slab would not resolve abrupt temperature

changes of the actual surface as completely as in the polished slab case.

This factor, however, tends to be offset by others; for instance, on a

microscopic scale, the surface roughness (or the total effective surface area)

of the coated slab is greater than that of the polished metallic surface, with

the consequence that energy could enter the coated slab at a slightly greater

rate. (The difference in the surface roughness and thermocouple junction

depth prompted the subsequent practice of coating both slabs of a pair with

deposits having dissimilar absorption properties by similar surface roughnesses

and thicknesses.) , 1
The heat flux density of Station S for Test 284 (Fig. 2-6) is not valid

beyond about 3 sec, this time being indicated by a vertical line on the data

figure. The support structure for this station failed at some time during the

test. No data discrepancies are evident until a simultaneous increase and

decrease in the flux for companion slabs commences at the above time, followed

soon thereafter by a decrease for both slabs to physically unrealistic negative

magni tudes.

2-3
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For the Titan I test, uncertainties in the flux density that are somewhatI larger than ordinary are encountered temporarily for some of the measurements

at Station P due to noise in the temperature -time records. Specifically, noisy

signals were obtained from zero to 0.4 sec for instrument Position 2, and from

1.2 to 1.4 sec for Positions 2 and 4. This will cause flux density uncertainties

throughout these time periods and for a comparatively short time thereafter.

Regarding the measurements of radiant flux density within the fireball,

correction factors as specified in Appendix C of Volume I have been applied to

the data presented in Figs. 2-32 and 2-33. For Test 284 (Fig. 2-33), the

window purge system did not successfully function for the measurement labeled

"HTL, quartz , and was only partially successful, i.e., there was an opaque

deposit over about one-half of toe window, for the measurement labeled "Sandia,

quartz."

"WA
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Fig. 2-34. Radiant Flux Density Outside the Fireball iron Tests, 275 and 278
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Fig. 2-35. Radiant Flux Density Outside the Fireball from Tests 282 and 284
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Fig. 2-36. Radiant Flux Density Outside the Fireball from Test 285
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Fig. 2-37. Radiant Flux Density Outside the Fireball from Tests 277 and 279
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Iwo,*Fig. 2-38. Radiant Flux Density Outside the Fireball from Tests 288 and 289
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Fig. 2-39. Radiant Flux Density Outside the Fireball from Test 290
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fo• Fig. 2-40. Radiant Flux Density Outside the Fireball from the Titan I Test
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Fig. 2-43. Temperature of Thermocouple Probe for Test 290
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•='•'Section 3

r "5S- IV FRAGMENTATIO0 DATA

A controlled failure test of a full-scale Saturn S-IV stage without en-

2-%• gine, loaded with approximately 91,200 lb of LO2 /LH 2 , was conducted during this

__ a program. The objective of this test was to obtain a full-scale data point re-

garding the blast and thermal hazards of the LO iLH2 propellant combination.
$ t 2 2

Failure was induced by rapidly removing an 18-in.-diameter plug from the inter-

tank bulkhead with a cutter ram.

A. A detailed discussion of the test objective, a detailed description of the

apparatus used to create the desired failure mode, and the blast and thermal

results from this test are given in Vol. I.

i__ Following this test, a complete fragmentation survey was conducted of the

test area. This survey included locating, measuring, weighing, and describing

each fragment from the S-IV vehicle weighing over 1 lb. The area covered was

from 100 ft from ground zero to the outer limit of the fragment dispersion,

which was approximately 900 ft.

The procedure used for this survey was to lay out on the ground surface a

system of 16 radial lines marked off in 100-ft increments, thus dividing the

area into 128 easily defined areas. Teams of URS and AFRPL personnel then

searched each of these areas, and as each fragment was collected, its approxi-

mate location within the area was noted on a map and an identification number

written on the fragment. 'mne fragments were then loaded on a truck for trans-

portation to a central point for weighing and measuring.

The data from this survey are presented in Figs. 3-1 through 3-4 and in

Table 3-1. Each of these figures presents one-fourth of the total area, with

the numbering system starting at the 11 o'clock instrumented leg (the leg

oriented toward the blockhouse). Each frawaeiit is shown on these figures with

an identification number and a dot representing the approximate location.

0 ~3-1

'4i •



URS 652-35 AFRPL-TR-68-92

01" Table 3-1 presents the pertinent data for each fragment.

In addition to this survey, nine selected areas near each of the three in-

strumentation legs were surveyed for all fragments over 1 in. 2 . These areas

were 50 ft square and were located at 200, 400, and 600 ft from ground zero.

The data from this survey are presented in Table 3-2. All identified fragments

over I lb which were found in these areas have also been included in this

table.

A
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1 2 4 5 6 9 8 10

Fig. 3-2. S-IV Fragment Locations (Quadrant 11)
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Fig. 3-3. S-TV Fragment Locations (Quadrant III)

*1..2m



A

IJRS 652-35 AFRPL-TR-68-92

10 98 7 65 4 321
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