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ABSTRACT 

The Phoebus-2 Hydrogen Disposal Pond (Burn Pond) Report includes 

a survey of available hydrogen disposal methods, a discussion of problem 

areas in using a hydrogen disposal pond system, the hydrogen disposal method 

to be used by Aerojet-General, and the testing which leads to the final 

hydrogen disposal pond design. 

C. ^ . Borlcofe, Manager 
REON TeTst Facility Design 
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I. INTRODUCTION 

Because of the impracticality of using an actual reactor-engine, rocket nozzles 

developed for nuclear testing at the Nevada Test Site, under the NERVA and PHOEBUS 

programs, are performance-evaluated in chemical simulation firings using liquid oxygen 

and liquid hydrogen as propellants. Normally, in liquid rocket systems, the hydrogen 

is first used to regeneratively cool the nozzle and is then mixed with the propellant 

for combustion. In the case of the nuclear nozzles under development, however, the 

total coolant flow exceeds that required for combustion simulation during firing and, 

thus, an appreciable quantity of the available hydrogen coolant must be dumped over­

board. For chemical testing of the PHOEBUS nozzle, the hydrogen coolant and propellant 

lines have been decoupled from one another to permit independent variations in engine 

performance without affecting cooling characteristics. This results in a need to 

dispose of the total nozzle coolant hydrogen (up to 250 lb/sec) in a safe and con­

trolled manner. Combustion with atmospheric oxygen is the only feasible method for 

disposing of gas at these high flow rates, over about a 17-second period. 

Conventional flare stacks were considered as means of disposal. However, 

such factors as the wide range in anticipated hydrogen flow rates, very large 

purge-gas requirements, low combustion efficiency, and marginal satisfaction with 

existing single and multiple-stack installations prompted the selection of an 

alternate concept: the so-called "burn pond" disposal method. Essentially, this 

is a system in which the coolant hydrogen is ducted to an area sufficiently remote 

from the test stand to be safe, is dispersed through a pipe manifold submerged in 

water from which it evolves into the atmosphere above the pond, and is there 

ignited and burned. While the water serves primarily as a seal to prevent back-

mixing of air into the distribution manifold and pipeline, it also protects the 

manifold and the pond from thermal radiation damage. In effect, the burn pond is 

a high-discharge area stack of zero height, with a water seal. 
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This basic concept has been used with success, both at Complex 37B at 

Cape Kennedy and at the Douglas Test Site in Sacramento. However, the Aerojet 

facility is required to operate under such stringent conditions as to pose a 

completely new set of problems. The Complex 37B pond, for example, is designed 

to dispose of about one lb/sec of hydrogen at minimum backpressure, whereas the 

Aerojet system must handle up to 250 lb/sec at disposal line inlet pressures up 

to 1220 psi. Other installations then could offer only the most general of guide­

lines in the planning and operation of the Aerojet pond. (See Reference l). 
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I I . SURVEY OF AVAILABLE HYDROGEN DISPOSAL I>ffiTHODS 

A. DISCUSSION 

Two general methods are available for disposing of flammable waste 

gases: venting to the atmosphere without ignition or combining with an oxidizer 

to form a non-hazardous, or readily disposable, product which may be ignited. 

Collecting and re-use was also a theoretical possibility; however, the cost and 

complexities of a system for catching and storing hydrogen at low temperatures 

and at flow rates up to 250 lb/sec were immediately evident. 

This section discxisses the various methods of hydrogen disposal 

investigated which cixLminated in the decision to adapt the burn pond concept to 

the PHOEBUS-2 hydrogen disposal requirements. 

B. SINGLE AÎ D MULTIPLE FLARE STACKS 

Waiste hydrogen gas can be conventionally disposed of by expelling 

through commercially available flare stacks. (See Reference 2). The discharge 

gas (mixing with the atmosphere) is ignited by an open pilot flame at the stack 

exit and is disposed of through combustion. This method is most effective and 

stable when operated within a specific range where velocity and other conditions 

are ideal. Decreases in gas flow rates, for example, can result in the gas 

velocity falling below the minimum limit, which will allow the flame to propagate 

back into the confined pipe. This results in a potential explosion hazard. 

Conversely, at stack velocities above the ideal velocity, and without an elevated 

ignition system, the gas can escape unburned. These accumulations of unbumed 

gas, sometimes well above the ignition limit, possibly could be wind-blown into 

an ignition source, again creating a hazard to personnel and equipment. The wide 

combustible mixture range of hydrogen dictates the need for a method that will 

provide near-total burnoff of the effluent within a controlled area. 
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stack velocity can be better controlled, and a wider range of flows can 

be handled, if a multiple stack installation is employed. However, the problem of 

low stack velocities during low flow conditions and start transients is further 

compoxonded by interaction effects between stacks. 

C. BURN PONDS 

Another method that merited further invest igat ion was the burn pond 

disposal method currently in use at Cape Kennedy and at the Douglas Test Fac i l i ty , 

Sacramento. 

This system operation can be described basical ly as one in which 

hydrogen gas i s dispersed through a pipe d i s t r ibu t ion system submerged in water 

from which i t evolves into the atmosphere. The buoyant colvmin of hydrogen is 

turbulent ly mixed with a i r , igni ted and burned. 

These hydrogen bxirn ponds were specif ical ly designed to safely dispose 

of waste hydrogen gases venting at low pressures and at low flow ra tes ( l t o 15 lb/sec) 

from storage vessels and vehicle tankage. The burn pond vent systems employ a mani­

fold in an "X" configuration located jus t beneath the surface of the water. From the 

manifold, small , evenly-spaced r i s e r s protrude from the water. Each r i s e r i s 

covered by a la rger diameter, adjustable height bubble cap whose outer sk i r t extends 

back in to the water, thereby creating a low-pressure water s ea l . 

The basic pr inciple of providing a water seal against atmospheric a i r 

entry appeared of r ea l value; however, the differences of flow ra tes and pressures 

schedxiled for the PHOEBUS-2 nozzle coolant were of suff icient magnitude to pose a 

different set of problems. The PHOEBUS-2 nozzle coolant flow rate i s approximately 

50 times that of the design operating level for the exis t ing ponds. For short-

duration runs of approximately 17 seconds, high coolant discharge pressures up to 

k 



1220 psig will occur as compared to near-atmospheric exhaust for periods of 15 to 

20 minutes, for the Cape Kennedy and Douglas ponds. Since the operating conditions 

for the Cape Kennedy-Douglas Facility burn ponds were so different from that of the 

PHOEBUS-2 burn pond, only the concept of the water seal would be useful in the new 

design. 
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III. PROBLEM AREAS 

The foreseeable problem areas of the bum pond concept were divided into two 

broad categories: the hydrogen-water interface phenomena, and igni t ion and combus­

t ion charac te r i s t i c s for hydrogen-in-air with the resul tant effects of the flame 

on the surroundings. 

A. HYDROGEN-WATER INTERFACE 

The nozzle coolant gas is discharged into water which absorbs the 

momentxim of each gas jet and from which the gas rises buoyantly into the atmosphere. 

This interface was considered the least amenable to analysis in designing the 

system. The interaction of such factors as the disintegration of the gas jets 

as they penetrate the water, the dynamics of gas evolution through the water, and 

water surface turbulence were considered so highly complex as to preclude an 

analytically based design. Other unanswered problems considered of prime impor­

tance were localized water freezing in and aroxond the discharge nozzles, instan­

taneous water loss as the incoming gases expand and rise buoyantly creating a gas-

lifting effect, and gradual water loss by entrainment and vaporization. 

B. COMBUSTION 

The hydrogen rising buoyantly from the surface of the pond is ignited 

and burns with atmospheric oxygen. Problem areas anticipated include: 

1. Ignition of the hydrogen emitting from the sxirface of the water 

2. Detonation resulting from hydrogen accximxilation and delayed ignition. 

3. Flame geometry. 

U. Meteorological factors . 

5. Thermal radiat ion as i t may affect the surroxmding t e s t equipment. 

To evaluate these and other xinforeseen problem areas , i t was decided to 

fabricate and t e s t a scale model pond (approximately 1/25-scale in terms of flow ra te ) , 
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IV. THE AEROJET-GENERAL HYDROGEN DISPOSAL METHOD 

A. SCALE MODEL HYDROGEN BURN POND 

A site at the Cryogenics Laboratory was selected for installation of 

scale model test bxirn pond (Figxire l). A maximxam flow rate capability of approxi­

mately 10 lb/sec dictated the 1/25-scale factor for the model pond. Since the 

greatest degree of xincertainty lay in the hydrogen-water interface problem area, 

a one-to-one scale relationship for distribution header size and spacing and 

discharge port design was established to evaluate gas jet breakup and evolution 

from the water together with possible freezing effects. The size and configxira-

tion of the scale pond was, in effect, a section lifted from the fxill-scale pond. 

Its design was based on providing the same gas evolution/water volxime ratio as 

for the main pond. 

The scale model pond is located in a large basin approximately 250 ft 

from the Cryogenics Laboratory, (Figures 2 and 3), With the exception of the 6_in, 

distribution manifold used in lieu of the l̂ t-in. manifold, the piping is charac­

teristic of the main pond. The pipe supports within the pond are adjustable to 

allow positioning of the piping at various elevations. The ignition system con­

sists of two, premixed, propane-air pilot flames located on the edge of the pond. 

The system flow path, including instrxamentation transducer locations, is shown 

schematically in Figxire h, A totsQ. of eleven developmental tests were conducted, 

as sxammarized in Table I. Color and/or black and white motion pictxire coverage 

data taken of each test are listed in Table II, 
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TABLE I 

PHOEBUS-2 
SCALE MODEL HYDROGEN BURN POND 

DEVELOPMENTAL TEST SUMMARY 

• • • 
• • 
• • • 

• • • 
• • • 
• • • 

• • •• 
« » 
• • • 

OJ 

RUN 
NUMBER 

001 

002 
& 

003 

OOU 

005 

TEST FLUID 

Liquid 
Nitrogen 

Mixed 
Nitrogen 

Mixed 
Nitrogen 

Ambient 
Hydrogen 
Gas 

FLOW 
RATE 

(lbs/sec) 

(Max) 

29 

22 

1 
3 
k.5 

TEMP. 
CONDITION 
(^'RANKINE) 

11*0° 
(Min) 

192 

210 

Arab. 

TEST 
DURATION 
(SECONDS) 

50 

1*0 

35 

15 

TEST 
SIMULATION 

Main pond 
nominal 
hydrogen flow 
momentxim (Sub­
sonic Flow) 

Main pond 
nominal 
hydrogen flow 
momentxim 
(Sonic Flow) 

Main pond 
nominal 
hydrogen flow 
momentum 
(Sonic Flow) 

Main pond 
nominal 
hydrogen flow 
momentxim (Sub­
sonic Flow) 

TEST 
OBJECTIVES 

System Shakedown 
and effects on 
water 
a) Movement 
b) Temperature 
c) Seal 

Effects on 
water 
a) Buoyancy 
b) Txirbulence 
c) Temperatxwe 
d) Seal 

Effects on water 
a) Buoyancy 
b) Txirbulence 
c) Temperatxire 
d) Seal 

Effects on water 
a) Buoyancy 
b) Txirbxilence 
c) Temperature 
d) Seal 

TEST SYSTEM 
MODIFICATION 

* 27 ea 1-1/2" 
vertical discharge 
nozzles located 
12" from bottom of 
pond with water 
depth of 3' -0" 

27 ea 7/8" dia 
vertical discharge 
orifices replacing 
1-1/2 Dia nozzles 

Repositioned 
orifices 30" 
from bottom of 
pond to dissipate 
jet momentxim 

Removed 7/8" Dia. 
orifices and 
lowered distribu­
tion headers to 
original position 

Ignition character­
istics, flame con-
figxiration, area 
temp, gradients 



TABLE 1 (Cont,) 

RUN 
NUMBER TEST FLUID 

FLOW TEMP, 
RATE CONDITION 

(lbs/sec) (°RANKINE) 

006 Ambient 
Hydrogen 
Gas 

1 
3 
h.5 

Amb. 

TEST 
DURATION 
(SECONDS) 

20 

• • • ••• 
• • • 
• • 
• ••• • • 
• • 

• • 
• • • • • • • • 
• • • • • • • • 

• • « 

• • • 
• • • • 

H 
4=-

OOT 

008 

Mixed 
Hydrogen 

Mixed 
Hydrogen 

9.6 103°R 22 

9.6 100°R 25 

TEST 
SIMULATION 

Main pond 
nominal 
hydrogen flow 
momentxim (Sub­
sonic Flow) 

Main pond 
nominal 
hydrogen flow 
and tempera­
ture (Subsonic 
Flow) 

Main pond 
nominal 
hydrogen flow 
and tempera­
txire (Subsonic 
Flow) 

TEST 
OBJECTIVES 

Effects on water 
a) Buoyancy 
b) Txirbulence 
c) Temperatxire 
d) Seal 
Ignition character­
istics, flame con­
figuration, area 
temp, gradients 

Effects on water 
a) Buoyancy 
b) turbulence 
c) Temperature 
d) Seal 
Ignition character­
istics, flame con­
figuration, area 
temp, gradients 

Effects on water 
a) Buoysmcy 
b) Txirbulence 
c) Temperature 
d) Sea l 
Ignition character­
istics, flame con-
figxiration, area 
temp, gradients 

TEST SYSTEM 
MODIFICATION 

Rotated Outside 
headers U5*' in­
ward to aim 18 
nozzles toward 
center of pond 

Rotated Outside 
headers 1+5° in­
ward to aim 18 
nozzles toward 
center of pond 

Added pond 
splash exten­
sion - Relocated 
nozzles to origi­
nal position and 
installed 19 ea. 
diffusers. 

,«•« 

• . • 
•• • • 

• • • 

• *• 



TABLE I (Cont.) 

RUN 
NUMBER 

009 

010 

TEST FLUID 

Mixed 
Hydrogen 

Mixed 
Hydrogen 

FLOW 
RATE 

(lbs/sec) 

9.6 

9.6 

TEMP, 
CONDITION 
(°RANKINE) 

123°R 

125°R 

TEST 
DURATION 
(SECONDS) 

23 

20 

TEST 
SIMULATION 

Main pond 
nominal 
hydrogen flow 
and tempera­
ture (Subsonic 
Flow) 

Main pond 
nominal 
hydrogen flow 
and tempera­
ture (Subsonic 
Flow) 

TEST 
OBJECTIVES 

Effects on water 
a) Buoyancy 
b) Turbulence 
c) Temperature 
d) Seal 
Ignition character­
istics, flame con­
figuration, area 
temp, gradients 

Effects on water 
a) Buoyancy 
b) Turbulence 
c) Temperatxire 
d) Seal 
Ignition character-

TEST SYSTEM 
MODIFICATION 

Removed 19 ea. 
diffusers suid 
again rotated 
2 ea. outside 
fingers ^5° to 
aim nozzles in­
ward to center 
of pond 

Added 1/8 dia. 
X 1/2" oc wire 
screen above 
pond and in­
crease water 
depth to 3' -6" 

Oil Liquid 
Hydrogen 

9,6 37'*R 20 Main pond 
nominal 
hydrogen flow 
at extreme 
temperature 
condition 

istics, flame con-
figxiration, area 
temp, gradients 

Effects on water 
a) Buoyancy 
b) Temperature 
c) Temperature 
d) Seal 
Ignition character­
istics, flame con­
figuration , area 
temp, gradients 

Removed screen 
from above pond 
and decreased 
water depth to 
original 



TABLE II 

SCALE MODEL HYDROGEN BURN POND 
TEST PROGRAM 1.2-13-NNX 

• • • 
• ••• 

• • • 
• • • 
• • • 
• • • 

• • • 

• • • 

RUN 
# 

001 

002 

003 

OOH 

005 

006 

Fim 

007 

175 

176 

177 

178 

198 

199 

229 

230 

231 

255 

TYPE 
FILM 

Color 

B & W 

Color 

Color 

B & W 

B & W 

Color 

B & W 

Color 

B & W 

FRAME 
RATE 
(FPS) 

61+ 

2k 

2k 

2k 

2k 

2k 

LENS 
USED 

Telephoto 

Telephoto 

Telephoto 

Telephoto 

Telephoto 

Wide/Vert 
10 MM 

Telephoto 

FILM LIST 

CAMERA 
POSITION 

180*» 

90° 

180° 

180° 

90° 

90° 

180° 

90° 

180° 

180° 

90° 

180° 

TEST DESCRIPTION 

MEDIUM 

LN^ 

Mixed 
Nitrogen 

Mixed 
Nitrogen 

Mixed 
Nitrogen 

Ambient 
Hydrogen 

Ambient 
Hydrogen 

FLOW RATE 

1+5 #/sec 

20 #/sec 

29 #/sec 

22 #/sec 

l,3,&l+.5 
#/second 

1,3,&14.5 
#/second 

TEMP 

190°R 

190°R 

200°R 

AMB 

AMB 

OBJECT 
VIEWED 

Pond 
Surface 

Pond 

Pond 

Pond 

Pond 

Flame 

Pond 

Pond 



TABLE I I (Cont . ) 

i^ 

RUN 
# 

006 

007 

008 

009 

010 

FILM 
# 

257 

259 

283 

364 

365 

366 

367 

368 

369 

370 

372 

373 

1+90 

U89 

U91 

TYPE 
FILM 

Color 

Color 

B & W 

Color 

Infrared 

Color 

B & W 

B & W 

B & W 

Color 

B & W 

Color 

FRAME 
RATE 
(FPS) 

20 

2k 

1+00 

21+ 

21+ 

21+ 

1+00 

2k 

1+00 

21+ 

LENS 
USED 

Wide/Vert 
10 MM 

Hul.cher 

Wide/Vert 

Telephoto 

Telephoto 

Wide/Vert 

Telephoto 

Telephoto 

Telephoto 

Telephoto 

Telephoto 

Telephoto 

Telephoto 

Telephoto 

Wide/Vert 
10 MM 

CAMERA 
POSITION 

180° 

180° 

180° 

90° 

180° 

180° 

180° 

180° 

90° 

180° 

180 

180° 

180° 

TEST DESCRIPTION 

MEDIUM 

Mixed 
Hydrogen 

Mixed 
Hydrogen 

Mixed 
Hydrogen 

Mixed 
Hydrogen 

FLOW RATE 

9.6 #/sec 

9.6 #/sec 

9.6 #/sec 

9.6 #/sec 

TEMP 

120°R 

120°R 

120°R 

120°R 

OBJECT 
VIEWED 

Flame 

Flame 

Flame 

Pond 

Pond 

Flame 

Pond 

Pond 

Pond 

Pond 

Pond 

Pond 

Pond 

Flame 

Flame 



TABLE I I (Cont . ) 

RUN 
# 

001 

FILM 

510 

511 

TYPE 
FILM 

Color 

FRAME 
RATE 
(FPS) 

21+ 

LENS 
USED 

Telephoto 

Wide/Vert 

CAMERA 
POSITION 

180° 

TEST DESCRIPTION 

MEDIUM 

Liquid 
Hydrogen 

FLOW RATE 

9.6 #/sec 

TEMP 

37°R 

OBJECT 
VIEWED 

Pond 

Flame 
1 0 MM 

H 
CO 



Bo FULL-SCALE HYDROGEN BURN POND 

The full-scale bvim pond is positioned in a depression approximately 

1+00 ft from test stand H-l+B (see Figure 5). It is 35-ft wide, 85-ft long and 3-ft 

6-in. deep. A weir at one end allows a maximum water depth of 3 ft. The pond is 

constructed of g\mite suid has a heat-resistant refractory coping that extends 

12 in. below the top edge. 

The gas distribution system within the pond is in a "trellis" or 

ladder configiiration, as shown in Figure 6. l^drogen is distributed within the 

pond throtigh a lU-in. manifold to thirty-two 6-in. lateral branches, spaced at 

5-ft intervals. From the bottom of each distribution branch, twenty-two 1-1/2-in. 

pipe nipples, spaced 8-1/2 in. apart, discharge the gas toward the bottom of the 

pond. The gas is discharged from the nozzles, under approximately 2 ft of water, 

at a nominal flow of approximately 0.35 Ib/sec-per-nozzle. 

The pond ignition system is comprised of foxir pump-fed, Diesel flame 

thrower units, two at each end of the pond. 
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V. BURI'J POND TESTING 

A. SCALE MODEL HYDROGEN BURN POND TESTING 

1. Liquid Nitrogen Testing 

a. Test Objectives 

The primary purpose of this test was to activate the mechanical, 

instr\imentation and controls systems installed by the contractor. As a secondary 

objective, the test was conducted to determine the following: 

(1) Gas distribution at subsonic velocities 

(2) Water surface turbulence 

(3) Water freezing effects at the gas discharge nozzles 

{h) Simulation of gas jet momentum equivalent to gaseous 
hydrogen flow planned for subsequent tests. 

b. Siommary of Test 001 (Figures 7 and 8) 

A raaximiom mass flow rate of hk lb/sec of nitrogen was recorded 

during approximately 50 sec of test time. This produced a gas momentum from the dis­

charge nozzles in excess of the equivalent nozzle momentum calculated for the main 

PHOEBUS burn pond, which was designed for a hydrogen flow of 250 lb/sec at 135°R. 

Water surface turbulence created by the expelled gas was 

initially at an acceptable level; that is, water losses from splashing and gas lifting 

were low. Near the end of the test, cold vapors were observed, indicating that 

liquid nitrogen was being discharged through the nozzles into the pond. At this 

time the pond became totally obscured by the vapors and the test was terminated. 

Post-test examination of the pond showed that approximately one foot of water 

remained, with an ice layer at the surface varying from approximately I/16- to 

1/2-in. thick (Figure 9). 
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H2O LEVEL- 5'0' 

Cb" DISTRIBUTION 
FINGER (3 EA) 

5'0' 

SEE DETAIL "A" 
^? 

.#2 

SYSTEM SHAKEDOWN 

POND SECTION 

2'5 

DETAIL "A" 
1-1/2" SCH 80 NOZZLE (27 REQ'D) I 

Figure 7 

Pond Section-LNg, Test No. 001 
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\ Cascade I 

r-PG-1 N/A 

^ 1 N/A 

I FIXW ORIFICE 

JMH kk 

PFMH 33 

TSm 1̂ 2 

PG-2 N/A 

MIXER 

TP- 0 22 
I— TP- 6 -

FT (Gale.) N/A 

Ttai N/A 

PJMGHO l6.2 

TFMGHO ' 

LEGEND, lat LETTER 

P PRESSURE, PSIA 
o f' 

T TEMPERATURE, R 

F FLOW LB/SEC 

TEST kk lb/sec LN2 

RUN # 001 

DATA TIME 

DATE 11/11/65 

SECS. 

TEST DURATION 50 SEC. 

HgO LOSS 23 IN. FLAME HEIGHT 

WIND 

- IT. 

Figure 8 

Instrumentation Schematic, Summary Test No. 001 
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^ 

Figure ^ 

Pond Post Test Photo, Test No. 001 
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There was no damage to either the concrete pond or piping systems as a result of the 

liquid nitrogen flow. 

c. Conclusions 

Freezing of the discharge ports does not appear to be a problem 

during flow conditions with liquid nitrogen. Unequal flow distribution to the three 

lateral branches was visually observed dviring the test. This condition appeared to 

be a result of pressure unbalance in the pond distribution system resulting from the 

subsonic discharge velocities of each of the twenty-seven 1-1/2-in. discharge ports. 

2. Mixed Nitrogen Testing 

a. Test Objectives 

The objective of this test series was to determine the effects 

of discharging cold gas into the water at a mass flow rate and velocity that would 

simulate the momentum of the gas jets predicted for the main pond. Primarily the 

buoyancy (lifting of the water), water temperature change, pond surface turbulence 

and maintenance of the water seal were to be determined. Each nozzle was orificed 

for critical flow to eliminate the system unbalance seen in the previous test. 

b. Test Summaries 

(1) Test 002 (Figures 10 and 11) 

This test utilizes approximately 13 lb/sec of ambient 

nitrogen gas and l6 lb/sec of liquid nitrogen mixed together to produce an average 

gas temperature of 195° Rankine. Cold gas vapors observed at the start of the test 

indicated improper mixing of the liquid and gas which allowed slugs of liquid to 

enter into the pond. As witnessed in Test 001, there was a violent reaction of the 

water to the liquid. Jets of water were observed 10 to 15 ft above the pond. 

Approximately ik in. of water remained at the end of the test but this was sufficient 

to maintain the seal. There was no indication of icing. 
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H2O LEVEL- 5'0' 

6" DISTRIBUTION 
FINGER (3 EA) 

SEE DETAIL "A 

"^P^f^^^^!!^ 

MOMENTUM SIMULATION - SONIC FLOW 

POND SECTION 

HgO LOSS 22 INCHES 

• ^ 

E # 

DETAIL "A" 
7/8" SONIC ORIFICE (27 REQ'D) 

Figure 10 

Pond Section, Mixed N Test Nos. 002, OO3 
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\ Cascade I 

r - P G - 1 1116 

TG-1 ^T^ 

FLCW ORIFICE 

Tm 17.12 

PFMH 213 

TFMH lJ+2 

•— PG-2 57^ 

MIXER 

TP- 6 ^ih 

TP-18 515 

TP-30 

TPA2 

• TPAl 

FT (Calc . ) 36.21 

TCM 180 

PIMGHO k6.k 

TFWGHO 

LEGEND, l o t LETTER 

P PRESSURE, PSIA 

T TEMPERATURE, R' 

F FLOW LE/SEC 

TOST Mixed Ng, 29 lb/sec, 

RUN # 002 DATE 11-•/̂ V.̂ ^ 
DATA TIME 30 SECS. 

TEST DURATION 3I SECS 

HoO LOSS 22 IN. FLAME HT._;; FT. 

WIND " 

Figure 11 

Instinmentation Schematic, Summary Test No. 002 
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(2) Test 003 (Figures 10 and 12, Table III) 

The requirements of this test were the same as in the 

previous test; however, the procedure for producing a properly mixed gas was improved 

to eliminate the introduction of liquid into the pond. The nominal gas temperature 

was 195 Rankine. The results of this test were essentially the same as in Test 002. 

(3) Test 001+ (Figures 13 and Ik, Table IV) 

For this test the distribution piping within the pond was 

raised approximately sixteen inches bringing the total distance from the nozzle exits 

to the bottom of the pond to 2-ft, U-in. The piping was raised in an attempt to 

more completely dissipate the momentum of the gas jets within the pond. 

The total flow rate of this test was approximately 

22 lb/sec at an average temperature of 210 Rankine. The results of this test 

were about the same as Tests 002 and 003; however, the water seal was lost as a 

result of the raising of the piping. 

c. Conclusions 

The critical flow orifices at each of the discharge nozzles 

appeared to distribute the flow equally. However, the increased expansion ratio 

and volumetric change of the gas appeared to significantly contribute to high 

water loss by the increased jetting and lifting action of the water. It was further 

concluded, following these tests, that the proximity of the gas discharge nozzles to 

the sloped walls may be providing an undesirable condition whereby the impingement 

of the gas jet upon the wall is forcing water out of the pond. This condition was 

brought about by the scale pond design criteria of duplication of the main pond 

nozzle-to-water-voli.ime and surface-area ratio. 
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GN 2 

Cascade 

TG-1 J+67 

FLOW ORIFICE 

r PG-2 551 

TP- 6 5 lit 

TP-18 51'+ 

TP-30 513 

-J— * TPA2 _2_ 
1 12 ' 

J — 0 TPAl 

18.3 FMH _ 

PJMI 228 

TFMH Ikk 

MIXER 

FT (Calc.) 31.3 

TGM 193 

P:-I«HO i+7 

•nr.VAO 263 

L.KGEND, 1st lATlTil^ 

P PIffiSSUrffi, PSIA 

T TEf-iPE!iATimE,°R 

F FLOW LB/SEC 

TEST Mixed Nitrogen, 29 lb / sec 

RUN i 003 DATE ll/&lt;65 

J+O SECS. DATA TIME 

TEST IWRATION 

H2O LOSS 22 

WIND 

ko SECS. 

IN. FLAME HT. FT. 

FigiJire 12 

I n s t r u m e n t a t i o n S c h e m a t i c , Siimmary T e s t No. OO3 
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TABLE III 

SCALE MODEL HYDROGEN BURN POND 
INSTRUMENTATION RECAP - RUN # 003 DATE 11/21+/65 

Type Test 

PARAMETER 

FMH 

PMH 

TJMH-1 

TPMH-2 

TP-0 

TP-18 

TP-30 

APMGHO 

APMGHO 

TFMGHO 

TIDP 

T2DP-2 

T3DP 

Mixed Nitrogen 29 lb 

FUNCTION 

LN2 Flow Meter 

Pressvure @ Flow 
Meter 

Temperature @ 
Flow Meter 

Temperature @ 
Flow Meter 

H2O Temperat\ire i 
Bottom of Pond 

H2O Temp, 18" from 
Bottom of Pond 

H2O Temp, 30" from 
Bottom of Pond 

APressure @ 
Pond Inlet 

APressure @ 
Pond Inlet 

Temperature i 
Pond Inlet 

Temperature @ #1 
Dist. Pipe Inlet 

Temperature @ #2 
Dist. Pipe Outlet 

Temperature @ #3 
Dist. Pipe Inlet 

/sec 

UNITS 

Lb/sec 

Pisa 

°R 

°R 

«R 

°R 

*»R 

Psig 

Psia 

°R 

°R 

°R 

°R 

LAPSE TIME READINGS - SECONDS 

0 31 li H l£ H M H 5° 51 l£ H I2 
19 17 15 l i t .5 17 17 17 18 18 

2I+8 21+0 237 235 2l+l 239 235 232 229 

II+6 1I+5 II+5 II+5 11+1+ Ikk Ikk II+I+ II+I+ 

II+8 ll+6 II+6 II+6 1I+6 II+5 II+5 ll*6 1I+5 11+5 

517 517 517 516 516 516 515 515 51U 513 

517 517 517 517 517 516 515 515 51I+ 513 

516 516 516 516 515 515 515 5llt 513 

11.8 11.7 13 .3 16.1+ 1I+.6 13.7 11.U ll+.l* 11.2 

38 1+6 51 53 51 1*9 1+8 1+9 1+7 

1+81+ 1+83 1»83 kQk 1+83 U37 381+ 323 263 211 

508 1+92 1+70 1+1+3 1»12 378 336 293 2I+2 202 173 

519 513 502 1+90 1+77 U55 1+31 1+05 377 

51I* 500 1+81 1+55 l»2l+ 395 358 315 272 

o 

1U6 

512 

512 

510 

510 



{ 

TABLE III (Cont.) 

Type Test Mixed Nitrogen 29 lb/sec 

LAPSE TIME READINGS - SECONDS 

H 

PARAMETER 

PIDP 

P2DP-2 

P3DP 

TG-1 

PG-1 

PG-2 

TGM 

FUNCTION 

Pressvire @ #1 
Dist. Pipe Inlet 

Pressure @ #2 
Dist. Pipe Outlet 

Pressure @ #3 
Dist. Pipe Inlet 

Temperature @ Gas 
Flow Nozzle 

UNITS 

Psia 

Psia 

Psia 

°R 

0 _5_ 10 15 20 25 30 35 ^_ 

1+7 56 62 63 60 58 57 56 5I* 

50 60 67 68 65 62 61 60 58 

50 59 66 67 65 61 61 59 57 

U75 I+7I+ 1+73 1+72 1+71 1+70 1+69 1*68 1+67 

1*5 50 

Pressure Upstream Psia 1075 IO67 1071 1070 1070 1073 IO76 1079 1078 
Gas Flow Nozzle 

Pressure Downstream Psia 
Gas Flow Nozzle 

Temperature °R 
Mixed Gas 

5I+9 51*6 51*8 51+8 5I+8 5I+9 550 551 551 

192 196 198 197 196 195 195 I9U 193 

55 60 



HgO LEVEL 

1.2-13-NNX-004 MIXED NITROGEN 

5'0' 

6" DISTRIBUTION 
FINGER (3EA) 

•SEE DETAIL "A" 

5'0' 

r 
MOMENTUM SIMULATION - SONIC FLOW 

POND SECTION 

HgO LOSS 22 INCHES 

DETAIL "A" 
7 /8" DIA SONIC ORIFICE (27REQ'D) 

Figure 13 

Pond Sec t ion , Mixed Np Test No. OOlj-
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1 Cascade I 

T3DP 
328 

TG-l 

TG-1 

101+9 

1+71 

FLOW ORIFICB 

PMH 

PJMH 

TFMH 

11 

152 

ll+7 

•— FG-2 

I— TP- 6 508 

TP-18 511 

TP-30 510 

LEGEND, 1st LETTER 

P PRESSURE, PSIA 
o . 

T TEMPERATURE, R 

F FLOW LB/SEC 

TOST Mixed Nitrogen 22 l b / s ec 

RUN # OOl* 

DATA TIME 

TEST DURATION 

HpO LOSS 22 

WIND 

DATE 11/30/;65 

35 SECS. 

35 SECS. 

IN. FLAME HT. - _FT 

Figure 1̂+ 

In s t rumen ta t ion Schematic, Summary Test No. OOI+ 
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TABLE IV 

Type Test 

PHOEBUS-2 SCALE BURN POND 
INSTRUMENTATION RECAP - RUN # OOU DATE 11/30/65 

Mixed Nitrogen 22 lb/sec 

LAPSE TIME READINGS - SECONDS 

FUNCTION UNITS ]T[ HI 1° H l£ H M I I l£ 51 l£ H l£ 
LN2 Flow Meter Lb/sec 10 10 10 10 10 11 10 11 

Temperature g °R 152 150 ll+9 ll+8 ll+8 ll+8 ll+7 ll»7 .. . .•; 
Flow Meter '\\'''^ 

Temperature @ °R 165 165 158 165 151 159 155 I69 '.!..' 
Flow Meter *' •* 
H2O Temperature g *>R 513 513 513 513 512 512 511 511 ,...* 
Bottom of Pond '..;.. 

H2O Temp, 6" from °R 510 510 510 510 509 509 508 508 •*'-] 
Bottom of Pond :'.." 

H2O Temp, 18" from *'R 513 513 513 513 512 512 512 511 \'Z\', 
Bottom of Pond ',.^.., 

H2O Temp, 30" from "R 513 513 513 511 512 511 511 510 ':''": 
Bottom of Pond :••"• 

APressure g Ps ig 6 .11 6.5I+ 5.57 6.31* 6.09 6.02 6.80 7.00 
Pond I n l e t 

P re s su re g Ps i a 1+1 1+1 1+1 1+1 1+1 I+O 1+1 1+0 
Pond I n l e t 

P re s su re g #1 P s i a 51 51 50 50 50 1+9 1+8 1+8 
D i s t . Pipe Out l e t 

P r e s s u r e g #2 P s i a 53 53 52 51 51 50 50 1+9 
D i s t . Pipe Out le t 

P re s su re g #3 Ps i a 52 53 52 51 51 50 50 1+9 
D i s t . Pipe I n l e t 

Temperature g °R 1+08 390 370 352 331* 320 305 293 
Pend I n l e t 

4=-

PARAMETER 

PMH 

TJMH-1 

TPMH-2 

TP-0 

TP-6 

TP-18 

TP-30 

APFMGHO 

PFMGHO 

P2DP-1 

P2DP-2 

P3DP 

TFMGHO 



TABLE IV (Cont.) 

Type Test Mixed Nitrogen 22 lb/sec 

LAPSE TIME READINGS - SECONDS 

T o ITT" "50 55 50 PARAMETER 

TIDP 

T2DP-1 

T2DP-2 

T3DP 

TG-1 

PG-2 

TGM 

FUNCTION 

Temperature g #1 
Dist. Pipe Inlet 

Temperature g #2 
Dist. Pipe Inlet 

Temperature g #2 
Dist. Pipe Outlet 

Temperature g #3 
Dist. Pipe Inlet 

Temperature g 
Gas Flow Nozzle 

Pressiire Downstream 
Gas Flow Nozzle 

Temperature 
Mixed Gas 

UNITS 

''R 

R̂ 

OR 

«R 

OR 

Psia 

OR 

0 5 10 15 20 25 30 35 

1+21 I+OI+ 385 367 350 331+ 318 307 

1+1+0 1+23 U 0 6 389 372 358 31+2 332 

1+68 1+52 Ul+0 1+28 1+12 1+01 398 379 

1+36 1+19 1̂ 02 385 370 355 339 328 

1+77 1+76 1+75 1*71+ 1+73 1+72 1+72 1+71 

5I+9 5U8 51*9 51*9 551* 550 551 553 

222 219 21I+ 210 205 207 202 201 

• • • 

• • • 
• • • • • • • • • • « 

• • • • 
• • • 
• • • • 



The elevation of the nozzles within the pond for Test OOU did 

not produce any significant changes in water losses from the previous tests. The 

water losses were enough to expose the elevated discharge nozzles, thereby effecting 

a loss of the water seal designed to prevent the entry of atmospheric air into the 

system. 

3. Ambient Gaseous Hydrogen Testing 

a. Test Objectives 

This test series consisted of flowing ambient gaseous hydrogen 

into the pond at a mass flow rate of 1+.5 lb/sec required to simulate the gas 

momentimi of the main pond. Each test was started at a flow rate of approximately 

1-lb/sec until pond ignition was obtained. In addition to determining the effects 

on the water as in the previous test series, the ignition characteristics, flame 

configuration and temperatiare gradients of the surrounding area were determined. 

b. Test Summaries 

(1) Test 005 (Figiu-es 15 through 18, and Table V) 

This test utilized ambient gaseous hydrogen at mass flow 

rates of 1, 3- and l+.5-lb/sec for a minimum of 15 sec at each flow condition. The 

ignition of the effluent gas, achieved at a flow rate of less than 1-lb/sec, was 

smooth and barely audible. At a flow rate of 1+.5 lb/sec, the flame was columnar 

in nature and estimated to be from 150 to 175 ft in height. 

The movanent of the water appeared to be less violent 

than in the previous test series. A review of the motion pictxires taken from a 

position parallel to the lateral branches showed a definite unbalance of the gas 
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1.2-13-NNX-005 AMBIENT HYDROGEN GAS - 1 , 3 & 4.5 #/SEC 

/AIR/PROPANE 
( IGNITORS (2 EA) 

3'6" 

MOMENTUM SIMULATION 

POND SECTION 

HgO LOSS 18 INCHES 

^ ^ 

DETAIL "A" 

1-1/2" SCH 80 NOZZLE (27 REQ'D) 

Figure 15 

Pond Section, Ambient Hg Test No. OO5 
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1 Cascade / 

TG-1 510 

PLOW ORDTCE 

JMH 

PFMH 

TFMH 

N/A 

N/A 
N/A 

•— PG-2 162 

MDCER 

n 

I— TP- 6 522 
„ - T — • TPA2 .1I+8 BTU/Sq.ft/sec 

TP-18 + 1 2 ' ' ' 
ljp.30 4 — • TPAl -608 BTU/Sq.ft /sec 

T2DP1 —V TIDP 

FT ( C a l c . ) 

TCM 511 

PJMGHO 

TFMGHO 

13.9 
1+78 

ISGESD, 1 s t LETTER 

P PRESSURE, PSIA 

T TEMPERATURE, t 

P FLOW LB/SEC 

!IEST GHQ Ambient 1# 

ROT # ^ 0 0 5 

DATA TIME 

DATElg / 3 /65 

15 SECS. 

F i g u r e 16 

I n s t r - u m e n t a t i o n s S c h e m a t i c , Summary T e s t No. OO5, 15 Seconds 
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1 (facade I 

r - P G - 1 538 

TG-1 1+91 

FLCW ORIFICB 

n 

IMH J 5 / ^ 

PPMH N/A 

TFMH N / A 

•— PG-2 1+38 

MIXER 

— TP- 6 526* 

TP-18 525 

TP-30 577 

rt T2DP1 ^̂ 92 —ŷ  TIDP 

• TPA2 .I+1I+ Hre/Sq. f t . /Sec 

. TPAll^l60_ " / " / " 

n 

FT (Calc . ) 2.83 

TGM lt99 

PPMGHO IT .6 

TFMGHO +̂78 

P2DP2 1 7 . 3 

LEGEND, I s t LETTER 

P PRESSURE, PSIA 

T TEMPERATORE, R 

P FLOW L E / S E C 

« NCMHIAL VALUE 

TOST__^?_^nbl«nt^' 

ROT # 0 0 5 

DATA TIME 

DATB12 / 3 /65 

J+5 SECS. 

F i g u r e 1? 

I n s t r u m e n t a t i o n S c h e m a t i c , Summary T e s t No. OO5, @ 1+5 Seconds 
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0 
PG-1 

TG-1 

906 

1+62 

PLOW ORIPICE 

P M H _ _ £ ^ 

PFMH N / A 

TFMH N / A 

•— PG-2 737 
MIXER 

TP- 6 528 

TP-18 531 
- T — • TPA2 . 6 7 3 B O T / S q . f t . / S e c . 

^0 TPAl 1 .837 " / " / " 
1 2 ' 

FT ( C a l c . ) I+.73 

TCM 1+73 

PFMGHO 3 0 . 6 

TFMGHO 1+78 

P2nP2 1 8 . 9 

LEGEND, 1 s t LETTER 

P PRESSURE, PSIA 
o /• 

T TEMPERATURE, R 

P FLOW L B / S E C 

* NCMINAL VALUE 

TOST GHQ Ambient l+.5# 

ROT#_005 

DATA TIME 

DATE12 / 3 / 6 5 

60 SECS. 

TEST DURATION 60 SECS. 

H20 LOSS 18 m . FLAME HT. 175 PT. 

WIND Calm 

Figure 18 

Instrumentation Schematic, Summary Test No. OO5, @ 60 Seconds 

1+0 



TABLE V 

PHOEBUS-2 SCALE BURM POND 
INSTRUMENTATION RECAP - RUN # 005 DATE 12/03/65 

• • • • • 

• • • 

• • • 

• • • • • • • • 
.. . 4^ 

• • « 1—1 

» • 
• • 

• • 

• • • • 

• • 
• • • 
• • •• 
• • 

Type Test 

PARAMETER 

TP-6 

TP-18 

TP-30 

TIDP 

T2DP-1 

T2DP-2 

T3DP 

TI-1 

TI-2 

TG-1 

TFS 

TPA-1 

TPA-2 

GH^ (Arab) @ 1, 3, & -

FUNCTION 

H2O Temp i 6" Up 
From Bottom of Pond 

H2O Temp @ 18" Up 
From Bottom of Pond 

H2O Temp @ 30" Up 
From Bottom of Pond 

Temp @ #1 
Dist. Pipe Inlet 

Temp @ #2 
Dist. Pipe Inlet 

Temp @ #2 
Dist. Pipe Outlet 

Temp @ #3 
Dist. Pipe Inlet 

Temp § Igniter 
Box n 

Temp § Igniter 
Box #2 

Temp, Upstream Gas 
Flow Nozzle 

Temp at 
Flare Stack 

Temp @ 
Pond Area 

Temp @ 
Pond Area 

'+.5 lb 

UNITS 

°R 

°R 

°R 

°R 

°R 

°R 

°R 

°R 

°R 

°R 

°R 

Btu/s 

Btu/s 

LAPSE TIME READINGS - SECONDS FS1/FS2 35.6 sec 
To 15 20 25 30 35 ^ 

518 519 521 522 522 522 522 523 525 

^ 2 l£ 55 60 

526 527 527 528 

521 521 521 522 522 522 52I+ 523 525 525 527 527 531 

513 519 521 522 521 521 51+0 532 550 577 5I+2 578 572 

511 1+99 1+98 1+96 1+96 1+92 51I+ 51I+ 1+97 509 509 1+91 1+97 

1+92 1+97 1+97 I+9I* 1+91+ 1+93 1+91 1+90 1+92 1+92 1+92 1+96 1+99 

508 505 506 506 503 503 520 520 520 520 506 503 506 

50I+ 501 501 1+99 500 1+98 1+96 1+96 1+96 1+97 500 1+99 507 

577 575 576 576 577 57l+ 575 57l* 57l+ 572 572 572 571 

585 581 581 579 579 578 578 577 576 57l+ 57l+ 575 572 

509 510 510 510 510 507 503 1+99 1+95 1+91 1+81+ I+7I 1+62 

503 503 503 503 503 503 503 503 503 503 503 503 503 

.611+ .590 .680 .581 .891+ 1.081+ 1.021 1.108 ,969 1.11+1+ 1.078 1.286 1.76 

.181 .11+8 .160 .130 .21+8 ,359 .1+23 .1+20 .3I+I+ .1*^( .392 .I+7I+ .66it 



TABLE V (Cont . ) 

TVpe Test GH^ (amb) g 1 , 3 , & 1+.5 l b / s e c 

LAPSE TIME READINGS - SECONDS FS1/FS2 35.6 sec 
5 10 IT 20 If "W^ M 5£ 51 M H M 

11.37 1.19 1.33 3.77 U.93 5.91 5.95 5.ll+ 7.36 6.52 9.61+ i o . 3 7 

11+.1+ 15.2 13.9 13.2 l 6 . 1 18.2 17.6 17.2 17.6 2l+.i 30.2 30j6 

15.9 17 .3 1 7 . 1 17.5 15.8 l 8 . 3 l 6 . 9 l 6 . 7 l 6 . 6 l 6 . 0 l 6 . 7 *;'••' 
• • • 

15.3 16.0 lU.8 15.9 15.8 l 6 . 7 l 6 . 3 l 6 . 5 l 6 . 0 l 8 . 7 17 .3 17JO •.'**!• 

15.5 16 .1 11+.9 16.2 16.9 l 8 . 0 17 .6 17.6 17 .3 20 .9 19 .1 l8.9 •.*.':'.'; 
• • • 

15.3 16.1 11+.9 16.0 17.1 18.5 17.8 17.7 17.7 21.0 19.3 192:-...: 

198 196 195 391 550 562 5̂ 6 5̂ 1 538 805 910 906 '^''' 
• • • 

16U.6 163.3 162 319.1+ 1+1+8 U58 I+U5 1+1+0 1+38 656 7I+O 737 •....'. 
• • • 

1+78 U78 1+78 1+78 U78 1+78 U78 1+78 U78 1+78 U78 U78 

510 511 511 511+ 513 509 506 503 1*99 1+93 1+82 1+73 

70 .3 69 .8 69.2 138.2 190 .1 19U.2 188.5 187 186 277.8 311.7 310.8 

ro 

PARAMETER 

AFFMGHO 

PFMGHO 

PIDP 

P2DP-1 

P2DP-2 

P3DP 

PG-1 

PG-2 

TFWGHO 

TGM 

APG 

FUNCTION 

APressure € 
Pond Inlet 

Pressure S 
Pond Inlet 

Pressure & 
Dist. Pipe 

Pressure @ 
Dist. Pipe 

Pressi i re @ 
D i s t . Pipe 

Pressure @ 
Dist. Pipe 

UNITS 0 

#1 
Inlet 

#2 
Inlet 

#2 
Outlet 

#3 
Inlet 

Pressure, Upstream 
Gas Flow Nozzle 

Pressure, Down­
stream Gas Flow 
Nozzle 

Temp @ 
Pond Inlet 

Temp of Mixed Gas 

APressure of 
Gas Flow Nozzle 

Psig 1.70 

Psia II+.5 

Psia 16.2 

Psia 15.1 

Psia 15.3 

Psia 15.3 

Psia 200 

Psia 166 

*»R 1+78 

*'R 510 

Psia 70.9 



discharge with most of the gas flowing from Headers 2 and 3 (see Figure 15). 

Approximately l8 in. of water was lost during the test, most of which went over 

the pond end nearest Header 3 (Figure 19) in sheet flow. Temperature template 

stickers and calorimeters positioned in the immediate pond area indicated that 

temperatures and heat energy output were moderate during the test. The tempe­

rature of the pond water increased from 58 to 68 F. 

(2) Test 006 (Figures 20 through 23, and Table VI) 

To eliminate the impingement of the gas jet on the 

sloped walls. Headers 1 and 3 were rotated 1+5 inward toward the center of the 

pond. Test 006 was then conducted using the same criteria as in Test 005. Pond 

ignition was again smooth and silent. During the test a 5 mi/hr wind was blowing, 

with gusts up to 20 mi/hr which affected the flame height (lOO ft) and geometry. 

Template sticker and calorimeter data corresponded to the data from the previous 

tests. 

The movement of the water appeared to be less violent 

than during the previous test, with most of the 12- to 15-ft geysering toward the 

center of the pond (Figures 2l+, 25 and 26). Approximately 12 in. of water was 

lost during the test. The water temperature was 60 F before and 66 F after the 

test. 

c. Conclusions 

The ignition and disposal of hydrogen in this manner presents 

no apparent problems. The effluent hydrogen gas was easily ignited and continued 

to burn throughout the entire test. Measured temperatures of less than 110 F at 

a distance of 50 ft from the pond, indicating that the radiant heat from this 

quantity of burning gas was moderate. The quantity of water lost during the 

tests was decreased by rotating the two outer header branches toward the center. 
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Figure I9 

Pond Test Photo, Test No. OO5 
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1.2-13-NNX-006 AMB HYDROGEN GAS @ 1, 3 & 4.5 #/SEC 
007 MIXED HYDROGEN (120°R) 9.6#/SEC 

-AIR/PROPANE 
IGNIT0RS(2 EA) 

HjO LEVEL 

6" DISTRIBUTION 
FINGER (3 EA) 

^"^^^^ 

5EE DETAIL "A", 

MOMENTUM & MAX FLOW SIMULATION 

POND SECTION 
H2O LOSS 13 INCHES RUN 006 
H2O LOSS 22 INCHES RUN 007 

DETAIL "A" 
1-1/2" SCH 80 NOZZLE (27 REQ'D) 

Figure 20 

Pond Sec t ion , Ambient GHp Test No. OO6, Mixed H„ Test No. OOJ 
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© 

T3DP 
501 

PG-1 

TG-1 

207 
511 

7LCW ORIFICE 

< • 

IMH H / A 

wm N/A 

TFMH N/A 

"— PG.2 173 

MIXER 

I— T P - 6 522 

rt 

TP-lB 

TP-30 

T2DP1» 

522 

^21 

502 _ 

T — • TPA2 .298 HTU/Sq.ft . /Sec 

P3DP 
15 .1 

T2DP-2 
505 

L_ 

PT (Ca l c . ) 1.07 

TGM 511 

PFMGHO ll+.O 

TFMGHO 1+86 

I^GEHD, l a t U r n E R 

P PRESSURE, PSIA 

T TEMPERATURE, R' 

F FLCW LB/SEC 

TBST GHp Ambient, l # / s e c 

RUN # 006 DATE 1 2 / 6 ^ 5 

DATA TIME 10 SECS. 

F i g u r e 21 

I n s t r u m e n t a t i o n S c h e m a t i c , Summary T e s t No. OO6, @ 10 Seconds 
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( ^H \ 
\ Caacade I 

r - P G - 1 51̂ 9 

TG-1 ^93 

FLCW ORIFICE 

WR N/A 

PFMH N/A 

TFMH N/A 

PO-2 1+1+8 

MIXER 

TP- 6 525 

TP-18 525 

TP-30 528 

• TPA2 .757BTU/Sq.f t . /Sec. 
1 2 ' n / II / II 
•^ 1.703 / / 

FT (Ca lc . ) 2.90 

TGM 501 

PFMGHO 18 .1 

TFMGHO ^86 

P2DP2 17.l^ 

LEGEND, l e t LETTER 

P PRESSURE, PSIA 

T TEMPERATURE, R 

F FLOW LB/SEC 

TEST ^^2 Ambient, 3 l b / s e c 

RUU # 006 DATE 12/6 /65 

DATA TIME 1+0 SECS. 

Figure 22 

Instrumentation Schematic, Summary Test No. 006, @ 1+0 Seconds 
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© 
PG-1 878 

TG-1 1+52 

FLOW ORIFICE 

IMH 
PFMH 

TFMH 

N/A 

N/A 
N/A 

'— PG-2 71I+ 

MIXER 

I— T P - 6 526 

TP-18 526 
TPA2 1.102 BTU/Sq. f t . /Sec! 

• TPAl 2.502 

FT (Calc . ) I+.60 

TCM 1+67 

PFMGHO 2 9 . 6 

TmCHO 1+86 

P2DP2 22.1+ 

LEGEND, I s t LETTER 

P PRESSURE, PSIA 

T TEMPERATURE, R' 

F FLOW L B / S E C 

«Ij;S»P GHg Ambien t I+.5 l b / s e c . 

RUN # 006 DATE 

DATA TIME 60 
L± 

TEST DURATION 60 

_SECS. 

SECS. 

H2O LOSS 12 IN. FLAME HT. 125 FT. 

WIND High and gusty 

F i g u r e 23 

I n s t r u m e n t a t i o n S c h e m a t i c , Summary T e s t No. OO6, @ 60 Seconds 

1+8 



TABLE VI Sheet 1 of 2 

PHOEBUS-2 SCALE BURN POND 
INSTRUMENTATION RECAP - RUN # 006 DATE 12/06/65 

Type Test GH (Amb) 1, 3, & 1+5 lb/sec 

LAPSE TIME READINGS - SECONDS FS1/FS2 33.2 sec 

+=-
VO 

PARAMETER 

TP-6 

TP-18 

TP-30 

TIDP 

T2DP-1 

T2DP-2 

T3DP 

TI-1 

TI-2 

TG-1 

TFS 

FUNCTION UNITS 0 10 15 20 25 30 35 1+0 

H2O Temp § 6" Up °R 
From Bottom of Pond 

H2O Temp ^ 18" Up °R 
From Bottom of Pond 

H2O Temp § 30" Up °R 
From Bottom of Pond 

Temp @ #1 °R 
Dist. Pipe Inlet 

Temp § ff2 °R 
Dist. Pipe Inlet 

Temp § #2 °R 
Dist. Pipe Outlet 

Temp i n °R 
Dist. Pipe Inlet 

Temp i Igniter °R 
Box #1 

Temp @ Igniter °R 
Box #2 

Temp, Upstream Gas °R 
Flow Nozzle 

520 520 522 522 522 523 523 52I+ 525 

ill 50 55 60 

5P6 526 526 526 

Temp at 
Flare Stack 

'R 

520 520 522 522 522 522 523 525 525 525 525 526 526 

519 520 521 521 521 521 521 532 528 528 551 556 530 

506 500 1+97 1*97 1*90 515 502 507 1+95 500 501* 505 J*9? 

507 503 502 500 I498 I496 1+95 1+95 1*96 1(96 1+93 1*92 '+90 

506 506 505 503 502 500 500 501 518 520 517 500 1(99 

505 503 501 500 1+98 1+95 1+96 1*96 1+96 1+99 1+99 1+98 I+96 

579 579 576 580 578 57I+ 57I+ 571* 571 572 568 570 568 

585 5B1( 582 583 582 581 579 578 577 576 57l* 572 570 

506 508 511 505 503 50I+ 1*98 1(95 1*93 1*82 1(72 1(65 1(52 

502 502 502 502 502 502 502 502 502 502 502 502 502 



TABLE VI (Cont.) Sheet 2 of 2 

Type Test GH. (Amb) § I, 3, & 1+.5 lb/sec 

LAPSE TIME READINGS - SECONDS FS1/FS2 33.2 sec 
PARAMETER 

TPA-1 

TPA-2 

APFMGHO 

PFMGHO 

PIDP 

P2DP-1 

P2DP-2 

P3DP 

PG-1 

PG-2 

FUNCTION 

Temp § 
Pond Area 

Temp § 
Pond Area 

A Pressure § 
Pond Inlet 

Pressure §. 
Pond Inlet 

Pressure § #1 
Dist. Pipe Inlet 

Pressure @ #2 
Dist. Pipe Inlet 

Pressure § #2 
Dist. Pipe Outlet 

Pressure § #3 
Dist. Pipe Inlet 

UNITS 0 

Btu/s 

Btu/s 

Psig 

Psia 

.775 

.326 

2.15 

11+.1+ 

P r e s s u r e , Upstreajn Ps ia 
Gas Flow Nozzle 

P r e s s u r e , Downstream Ps ia 
Gas Flow Nozzle 

_5 11 11 20 25 30 35 hi " hi 5 0 5 5 6o 

.688 .71*5 .622 1.51*1+ I.3I+3 1.709 1.1*87 1.703 1.751 1.826 2.289 2.502 

.276 .298 .282 .636 .667 .729 .695 .757 .658 .832 1 .0301.102 

1.1+1 1.68 1.68 I+.51 7.13 5.82 6.12 7.57 6.12 9-90 10.55 9 .73 • '• 

Ps ia 31.0 

II+.2 ll+.O 13.0 l l( .8 18.8 18.0 17.7 18 .1 2I+.7 29.0 29 .3 29.6 .; 

31.0 •.' 

» 

15.1 15.0 11+.5 15.8 16.5 16.1+ 16.5 16 .1 18.7 19.8 19.5 19.6 * Ps ia 15.0 

Ps ia 15.3 

Ps ia 15.1* 

209 208 207 282 511 581+ 557 550 5I+9 811 871 869 878 

15.3 15.2 II+.8 16.5 17.8 17.6 17.8 17.1+ 21.0 22.6 22.2 22.1+ 

15.3 15.1 ll*.7 16.6 18.2 17.9 18.0 17.5 21 .1 23 .1 22.8 22.8 

TFMGHO 

TGM 

PG 

Temp § 
Pond Inlet 

Temp of Mixed Gas 

Pressure of 
Gas Flow Nozzle 

°E 

°R 

Psia 

1(86 

509 

73.9 

175 171+ 173 233 1+17 1+76 1(55 1+1+9 1*1+8 661+ 709 706 711+ 

1+86 

510 511 513 513 510 508 505 501 1+95 1(85 1*76 1+67 

73.6 73.1* 99.1* 177 2OI.6 192.1+ 190.0 189.7 280.1+ 299.5 299.0 301.1+ 



• • • • 

Figure 24 

Pond Photo-Start, Shutdown Test No. 006 

51 

• • • • • • • • ••• • • • • 
•• ••• « * « •• • » • • ••• • ••• « 



• • • • 

Figure 25 

Pond Fhoto-3 Lb/Sec Flow Rate, Test No. OO6 
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Figure 26 

Pone Hioto-lj-.T Lb/Sec Flow Rate, Test No. 006 
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of the pond, indicating that the impingement of the gas upon the sloped walls is a 

problem. This problem, however, is not present in the main pond to the same degree 

since the edge distance to the outermost branches is approximately twice that of 

the scale pond. It appears that splash shields extending about 2-1/2 ft out from 

the pond edge would stop most of the water from being splashed out and woxild closer 

simulate the header-pond edge spacing of the main pond. 

U. Mixed Hydrogen Testing 

a. Test Objectives 

This test series used a mass flow rate of 7.8 lb/sec of liquid 

hydrogen mixed together with 1.8 lb/sec of ambient gaseous hydrogen to give a total 

mass flow rate of 9.6 lb/sec of hydrogen at approximately 120°R. This is 1/26 of 

the main pond design flow rate and is at the equivalent predicted temperature. 

The objectives of this test series were to determine the 

water effects (buoyancy, txirbulence, seal, temperature change) and hydrogen burning 

characteristics (ignition, flame geometry, and temperature gradients). 

b. Test Summaries 

(1) Test 007 (See Figures 20 through 27, Table VII) 

The configuration of the distribution branches for this 

test was the same as in Test 006. 

The ignition of the pre-conditioned hydrogen was smooth 

and quiet, as experienced in the previous tests. The steady-state flow condition 

lasted approximately 20 sec and produced a flame varying from 85 to 115 ft in 

height. Area temperature 6uad calorimeter data corresponded with Test 006. 

"yh 



I Cascade I 

PG-1 

TG-1 

781+* 

^53 

FLOW ORIFICE 

•PMH 7.2I+ 

PFMH 369 

TFMH 73.1+ 

325 PG-2 _ 

PG-2 2.1+ MIXER 

— T P - 6 j+21 

TP-18 531+ ', TPA2 1.1+25 HTU/Sq.f t . /sec 

TPAl 2.717 " / " / 

3.7 I b / c u . f t . 

FT (Calc . ) 9'6h 

TO! ll+O 

PPMGHO 3 5 . 6 

T™GHO 123 

P2DP2 2 2 . 9 

LEGEND, I s t LETTER 

P PRESSURE, PSIA 

T TEMPERATURE, R' 

F FLOW L B / S E C 

* NCMINAL VALUE 

TBST Mixed H? 9.6 l b / s e c . @ 120°R 

RUN # 007 DATE 12 /8j65 

DATA TIME 20 SECS. 

TEST DURATION 22 SEC. 

HgO LOSS 22 IN. FLAME HT. 115 ^ . 

WIND Calm 

Figure 2? 

Instrumentation Schematic, Summary Test No. GOT 
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TABLE VII 

PHOEBUS-2 SCALE BURN POND 
INSTRUI'IENTATION RECAP - RUN ffOOJ DATE 12-08-65 

Sheet 1 of 2 

Type Test Mixed Hydrogen 9-6 If/sec 

TG-1 

PG-1 

PG-2 

TGM 

APFMGHO 

PFMGHO 

TFMGHO 

TI-1 

TI-2 

LAPSE TIME READINGS - SECONDS 
PARAMETER 

FMH 

PFIvfli 

TFMH-1 

LOCATION 

LH Flow Mete r 

P r e s s , i Flow 
Meter 

T e m p e r a t u r e 3 
Flow Meter (RTT) 

UNITS 

GPM 

p s i a 

°R 

Temperature Gas 
i Flow Nozzle 

0 5. 10. 15. 20 

71*1+ 820 805 758 

1+10 1(1(8 1+23 379 365 355 

1*5.2 1+5.3 1*5.1+ 1*5.2 100 153 

1+69 1+61( l(o0 1(57 1+52 1(50 

22 30 35 1*0 1(5 50 55 oO 

Pressure Upstream psia 725 786 786 785 783 783 
Gas Flow Nozzle 

Pressure Downstream psia 313 332 33l+ 327 317 297 
Gas Flow Nozzle 

T e m p e r a t u r e 
Mixed Gas 

A P r e s s u r e % 
Pond I n l e t 

P r e s s u r e i3 Pond 
I n l e t 

T e m p e r a t u r e J 
Pond I n l e t 

T e m p e r a t u r e i 
I g n i t e r #1 

T e m p e r a t u r e i 
I g n i t e r ff2. 

°R 100 9 7 . 3 101 108 170 282 

p s i g l l ( . 00 15 .00 1 5 . 0 0 1 5 . 0 0 ll+.OO 1 1 . 0 

p s i a 37 .5 38 .5 3 9 . 1 36.1+ 35 .2 27.1+ 

°R I3I+ 126 119 121 123 123 

°R 587 585 586 - 582 583 582 

°R 51*9 51*6 51*8 5I+8 51*9 51*9 



TABLE VII (cont.) Sheet 2 of 2 

Type Test Mixed Hydrogen 9-6 ft/sec 

LAPSE TIME READINGS - SECONDS 
PARAMETER LOCATION UNITS 

TIDP 

T2DP-1 

T3DP 

PIDP 

P2DP-1 

Temperature § tfl 
Dist. Pipe Inlet 

Temperature % #2 
Dist. Pipe Inlet 

Temperature (? //3 
Dist. Pipe Inlet 

Pressure @ //I 
Dist. Pipe Inlet 

Pressure § //I 
Dist. Pipe Inlet 

°R 

°R 

°R 

psia 

psia 

P2DP-2 

P3DP 

TP-6 

TP-18 

TP-30 

TPAl 

TPA2 

Pressure % #2 
Dist. Pipe Outlet 

Pressure % #3 
Dist. Pipe Inlet 

HgO Temp @ 6" from 
bottom of pond 

HgO Temp @ l8" from 
bottom of pond 

H2O Temp % 30" 
bottom of pond 

Temp % Pond 
Area - 25' 

Temp @ Pond 
Area - 50' 

from °R 

BTU/S 

BTU/p 

0 £ 10 15 20 22_ 30 11 W 51 W H" 

131 119 115 115 118 123 

11*7 131+ 130 130 132 138 

152 ll+O 132 133 13I* 139 

16.3 16.1 16.2 15.7 *Went negative 

60 

2l( . l 2l(.3 25.0 2I+.O 23.2 20.2 

p s i a 20 .8 21 .1 21.7 22.0 23.0 23.0 

p s i a 25 .3 25.9 26.1( 25.0 2I+.6 21.0 

500 1(95 1*90 1(91 1+91 1+91 

500 1(93 I+9I* 1*90 * 

506 1(99 537 500 

3.00 3.05 2.80 3.01 2.29 2.19 

1.38 1.1(1+ 1.50 1.52 1.19 1.19 

• •• 
• • • 

• • • 
• • • 
• • • 
• • • 

• •• • 
• • • 
• • •• 



Approximately 22 in. of water was lost during the test 

and an icy slush approximately 1/2 in. thick covered the surface of the pond (see 

Figure 28). 

(2) Test 008 (See Figures 29, 30, 31 and Table VIII) 

The splash shields previously mentioned were installed to 

better simulate the header-pond edge spacing of the main pond (see Figure 29). The 

two end lateral branches were also rotated to place the discharge nozzles in a 

vertical attitude. Diffusers (see Figure 30) were installed on 19 of the 27 

nozzles to distribute and direct the gas discharge horizontally within the pond 

(Figure 32). The two igniters were raised to a level 3 ft above the r\in of the 

pond. Upon initiation of flow there was a mild explosion resulting from the 

accumulation of hydrogen below the ignition point. The flame height and area 

temperature profile corresponded to the previous tests. The steady-state test 

duration of approximately 25 sec resulted in a loss of about 10 in. of water 

(Figure 33). It was observed that the agitation of the water appeared to be 

more severe with the addition of the diffusers. 

(3) Test 009 (See Figures 3I+, 35 and Table IX) 

This test was a repeat of Test 008 except that the 

diffusers were removed and the two outer lateral branches again were rotated 

inward 1+5°, as in Tests OO6 and OO7. One of the igniters was relocated to its 

original position. The ignition was smooth and only slightly more audible than 

Run 007. Flame characteristics and temperature data duplicate that of the 

previous mixed hydrogen test runs. Water agitation was significantly less 

violent than Test OO8 and post-test inspection revealed a total loss of only 5 in. 

of water for the 25-sec duration test run (see Figure 36). 
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Figure 28 

Pond Post Test Photo, Test No. OO7 
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Figure 29 

Pond With Side Extensions 
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1.2-13-NNX-008 MIXED HYDROGEN (120°R) 9.6 #/SEC 

AIR/PROPANE 
IGNIT0RS(2 EA) 

I'O", 2'6" 
(TYP) t 

5'0" 

6" DISTRIBUTION 
FINGER (3 EA) 

5'0" 
CZ H2O LEVEL 

9 REQ'D 
EE DETAIL "A" 1^1 F 

9 REQ'D 
REQ'D 

SPLASH 
EXTENSION 

MAXIMUM FLOW SIMULATION 

POND SECTION 
HgO LOSS 10 INCHES 

DIFFUSER DETAIL "A" (19 REQ'D) 

Figure 30 

Pond Sec t ion , Mixed Hp Test No. OGB 
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I Cascade j 

T3DP 
130 

PG-1 763 

TC-1 "̂̂ 3 

FLOW ORIFICE 

™ ^ 6.55 
FIMH 378 

TFMH 1+5 

•— PG-2 318 

PG-2 2.31+ N' 
— TP- 6 507 

TP-18 505 

TP-30 ^ Q ^ 

• TPA2 1.61+1 BdU/sq . f t . /Sec . 
1 2 fi / If / II 

MIXER 

5T ( C a l c . ) 8.86 

TPAl 3.520 " / 

•KM 100 

PJMGHO 36 

TFMGHO 115 

P2E!P2 29.2 

LEGEND, l a t LETTER 

P PRESSURE, PSIA 
o > 

T TEMPERATUFiE, R 

F FLOW LB/SEC 

TEST Mixed Hg 9.6 l b / s e c @ I20°R 

RUN # 008 DATE12A7>^5 

DATA TIME 25 SECS. 

TEST DURATION_ 

H2O LOSS 10 

WIND Calm 

25 SECS. 

IN. FLAME HT. 115 FT. 

F i g u r e 31 

I n s t r u m e n t a t i o n S c h e m a t i c , Summary T e s t No. 008 
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TABLE VIII Sheet 1 of 2 

PHOEBUS-2 SCALE BURN POND 
INSTRUMENTATION RECAP - RUN #008 DATE 12-17-65 

Type Test Mixed Hydrogen 9.6 #/sec. § 120°R 

LAPSE TIME READING - SECONDS 

ON 
(JO 

PARAMETER LOCATION 

FMH LH^ Flow Meter 

PFMH Press. § Flow 
Meter 

UNITS 

GPM 

PSIA 

TFMH-1 Temperature @ 
Flow Meter (RTT) 

TFMH-2 Temperature g 
Flow Meter (TO) 

TG-1 Temperature Gas g 
Flow Nozzle 

0 5. 1£ 15 20 25 30 

658 659 659 659 660 658 

I+OI+ 397 392 388 385 378 

1+5 1+5 1+5 I+I+.5 1+1+.5 1+5.0 

82 79 79 79 81 83 

1+93 1+90 1+85 1+82 1+77 1+73 

35 1+0 1+5 50 55 60 

PG-1 Pressure Upstream 
Gas Flow Nozzle PSIA 767 768 768 767 765 763 

PG-2 Pressure Downstream 
Gas Flow Nozzle PSIA 325 32l+ 321 320 319 3l8 

TGM Temperature 
Mixed Gas 101 100 100 100 100 100 

APFMGHO A Pressure § Pond 
Inlet PSIG 15.98 ll+.OO ll+.O II+ 13 II+ 

PFMGHO Pressure @ Pond 
Inlet 

TFMGHO Temperature § 
Pond Inlet 

PSIA 38 37 37 37 36 36 

123 120 118 117 116 115 

TLT Temperature of 
Line - Top 311 293 279 271+ 267 265 



TABLE VIII (cont.) Sheet 2 of 2 

Type Test Mixed Hydrogen 9.6 #/sec. @ 120 R 
LAPSE TIME READINGS - SECONDS 

PARAMETER LOCATION 

TLB Temperature of Line -
Bottom 

UNITS _0 _5. JL£ 1 5 . 2 0 2 5 3 0 3 5 ^ ^ 5 . 5 0 5 5 . 6 0 

R 273 256 2I+9 258 235 22I+ 

TIDP 

T2DP-1 

T2DP-2 

T3DP 

PIDP 

P2DP-1 

P2DP-2 

P3DP 

TP-6 

TP-18 

TP-30 

Temperature § #1 
Dist. Pipe Inlet 

Temperature @ #2 
Dist. Pipe Inlet 

Temp. § #2 Dist. 
Pipe Outlet 

Temp. @ #3 Dist. 
Pipe Inlet 

Pressure @ #1 
Dist. Pipe Inlet 

Pressure @ #2 
Dist. Pipe Inlet 

o. 

"R 

129 I2I+ 122 122 117 III+ 

138 135 I3I+ 131 129 127 

191* I8I+ 180 175 177 173 

11+6 ll+O 137 13I+ 132 130 

PSIA 21.08 20.1+1 19.50 19.00 19.0 19 

PSIA 28.02 27.6 27 .3 27 .1 26.7 26.1+ 

Pressure @ #2 
Dist. Pipe Outlet PSIA 28.3 28.5 28.8 29.0 29.2 29.2 

PSIA 32.1 31.6 31.2 30.9 30.1+ 30.3 
Pressure @ #3 
Dist. Pipe Inlet 

H O Temp. @ 6" from 
bottom of pond °R 517 512 511 509 509 507 

H O Temp. § 6" from 
bottom of pond R 

HO Temp. @ 30" fr. 
bottom of pond R 

516 512 510 510 507 505 

517 512 512 509 506 506 



PHOEBUS- 7. 

0 9 - 1 9 - 7 $ - 1 ^ 5 J L. &.)UG,l_A.KI P l ^ ^ ' S - C a S 
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Figure 32 

Pond Extension Nozzle 
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Figure 33 

Pond Post Test Photo, Test No. 008 
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5'3" 

1.2-13-NNX-009 MIXED HYDROGEN (120°R) 9.6#/SEC 

AIR/PROPANE 
IGNIT0RS(2 EA) 

IP", 2'6" 
r (TYP) 

5'0" 

C6" DISTRIBUTION 
FINGER (3 EA) 

5'0' 

l*-SEE DETAIL "A" 

SPLASH 
EXTENSION 

MAXIMUM FLOW SIMULATION 

POND SECTION 
H2O LOSS 5 INCHES 

^ 

DETAIL "A" 
1-1/2" SCH 80 NOZZLE (27 REQ'D) 

Figure 3^ 

Pond Section, Mixed Hp Test No. OO9 
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1 Cascade I 

r—PG-1 

TG-1 

96k 

k'J2 

FLOW ORIFICE 

FMH 

PIMH 

TFMH 

6.53 
^31 

^5 

'— PG-2 390 

FG-2 2.93 

r— TP- 6 503 
• TPA2 1-96 BTU/Sq.ft./Se 

FT (Calc.) 9-^6 

PFM3H0 

TPMGHO 131 

P2DP2 23.0 

LEGEND, 1st LETTER 

P PRESSURE, PSIA 

T TEMPERATURE,°H 

F FLOW L B / S E C 

TEST Mixed H2 9.6 ITp/sec @ 120°R 

^™ # 009 DATE 12 /20/63 

DATA TIME 20 _SECS. 

_SECS. 

115 FT. 

WIUD Calm 

TEST DURATION 23 

H2O LOSS 3 IN. FLAME HT. 

Figure 35 

Instrumentation Schematic, Summary Test No. OO9 
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TABLE IX 

PHOEBUS-2 SCALE BURN POND 
INSTRUMENTATION RECAP - RUN #009 DATE 12-20-65 

Sheet 1 of 2 

Type Test Mixed Hydrogen 9.6 tf/sec. 120°R 
LAPSE TIME READINGS - SECONDS 

VO 

PARAMETER 

FMH 

PFMH 

TFMH-1 

TG-1 

PG-1 

LOCATION 

LH Flow Meter 

Press.® Flow Mete 

Temp. % Flow 
Meter (RTT) 

Temperature @ 
Flow Nozzle 

Pressure Upstream 
Gas Flow Nozzle 

UNITS 

GPM 

PSIA 

PG-2 Pressure Downstream 
Gas Flow Nozzle PSIA 

TGM Temperature -
Mixed Gas °R 

APFMGHO A Pressure @ Pond 
I n l e t PSIG 

PFMGHO Pressure @ Pond 
Inlet PSIA 

TFMGHO Temperature @ 
Pond Inlet °R 

TLT Temperature of 
Line - Top °R 

TLB Temperature of 
Line - Bottom R 

TIDP Temperature @ #1 
Dist. Pipe Inlet °R 

0 _5 10 15. 20 23. 30 

659 66o 659 659 659 658 

1463 1+50 1+1+2 1+36 1+31 1*28 

1+5 1+5 1+5 1+5 1+5 1+5 

1+92 1+87 1+83 1+77 1+72 1+70 

96I+ 963 963 962 96I+ 963 

1+oU 399 395 391 390 390 

126 125 121+ 123 123 122 

1I+.6 1I+ 1I+ 1 5 1 5 1 5 

1+6.9 1+5 1+3 1+3 1*2 1+2 

170 1I+8 139 I3I+ 131 131 

366 355 332 315 310 293 

300 281+ 259 25I+ 21+5 239 

167 II+9 136 133 128 128 

35 1+0 1+5 50 55 60 



TABLE IX (cont.) Sheet 2 of 2 

Type Test Mixed Hydrogen 9-6 #/sec. § 120°R 
LAPSE TIME READINGS - SECONDS 

PARAMETER LOCATION UNITS 

T2DP-1 Temperature @ #2 
Dist. Pipe Inlet °R 

T2DP-2 Temperature @ H2 
Dist. Pipe Outlet °R 

T3DP Temperature @ #3 
Dist. Pipe Inlet °R 

PIDP Pressure @ #1 
Dist. Pipe Inlet PSIA 

0 5 10 15 20 23 30 35 1+0 1+5 50 55 60 

182 162 150 1I+6 1I+2 139 

225 206 197 I8I+ 181 177 

191 170 159 151 ll*8 1I+5 

21.5 21.2 20.5 20.5 20.2 I9.8 

o 

P2DP-1 Pressure @ #2 
Dist. Pipe Inlet PSIA 

P2DP-2 Pressure @ #2 
Dist. Pipe Outlet PSIA 

25.1+ 2I+.7 23.5 23.3 23.1 22.9 

22.3 22.1+ 22.6 22.8 23.0 23.1 

• • • 

P3DP Pressure @ #3 
Dist. Pipe Inlet 

TP-6 

TP-18 

TP-30 

TPAl 

TPA2 

Ĥ O Temp. @ 6" 
bottom of pond 

Ĥ O Temp, i I8" 
bottom of pond 

Ĥ O Temp. % 30" 
bottom of pond 

Temp. @ Pond 
Area - 25' 

Temp. @ Pond 
Area - 50' 

from 

fr. 

fr. 

°R 

°R 

°R 

BTU/S 

BTU/S 

PSIA 28.8 27.9 26.7 26.1+ 26.0 25.9 

513 511 510 506 503 501 

512 511 508 507 503 501 

511 509 507 505 502 1+98 

3.511 5.962 I+.15 3.21 3.55 3.35 

1.852 1.707 2.29 1.66 1.96 1.62 

• • 



• • • 

Figure 36 

Pond Post Test Photo, Test No. OO9 
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(1+) Test 010 (See Figures 37, 38 and Table X) 

This test utilized the same test mediian, flow rates and 

procedures as the previous three runs. System modifications included the installa­

tion of 1/8-in. dia by 1/2-in. OD square weave screen over the entire pond. The 

water level was raised 6 in. to a total depth of 3 ft 6 in. , with 15 lbs of salt 

added to obtain flame color. The screen modification was designed to suppress 

the highly agitated water conditions previously witnessed (these were in the form of 

geysers to a height of 12 to 15 ft) and to balance the overall water movement within 

the pond. Ignition was smooth and barely audible. The wind was steady in a south­

east direction at a velocity of approximately five knots. These conditions 

produced a shortened flame height of approximately 50 ft. The flame was very 

turbulent and was more expansive than recently witnessed. A two-color smoke 

bomb located at a 20-ft elevation above and immediately adjacent to the pond 

produced good visual observation of air movement into the fire area. The smoke 

was drawn inward toward the center of the flame in a downward motion to a height of 

10 ft above the pond. It was then carried upward with the combusting gases. The 

salt added to the water produced color to the flame, permitting good observation 

of the flame configuration. The screen sufficiently satisfied its designed purpose 

in suppressing the water action. The water movement in the pond appeared well 

balanced, with a rise of approximately 3 ft above the screen. Only small amounts 

of water were observed exiting the pond over the perimeter edge. A total of 

6 in. of water loss was experienced for this test during the 20-plus seconds of 

steady state flow duration. Approximately one dozen pieces of ice, ranging to a 

maximum size of approximately 6 cubic-in., were observed floating on the water 

surface immediately following the test. The test was observed from an elevation 

of 35 ft above the pond and southeast approximately 250 ft directly downwind of 

the fire. The radiant heat emission to this observation point was not of suffi­

cient magnitude to cause discomfort during the test. 
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Figure 37 

Pond With Screen 
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\ Cascade I 

PG-1 876 

TG-1 I+7I+ 

FLOW ORIFICE 
f • 

FMH 7 ' 60 

PJMH 361 

TFWH 39 

'— PG-2 
MIXER 

TP-18 505 

TP-30 

FT (Calc . ) 10.27 

TCM 116 

PPM3H0 2I+.6 

TTOGHO 

P2DP2 

LEGEND, 1st LETTER 

P PRESSURE, PSIA 
o < 

T TEMPERATURE, R 

F FLOW LB/SEC 

Note: A-D System Lost 

mST Mixed H2 9.6 lb/sec @ 120°R 

RUN # OIP DATE 1 / ^ V ^ 

DATA TIME 20 SECS. 

22 SECS. TEST rURATION 

H2O LOSS 6 IN. FLAME HT. 60 FT. 

WIMD 5 Knots, Steady 

Figure 38 

Instrumentation Schematic, Summary Test No. 010 
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TABLE X 

V71 

Type of Test Mixed Hydrogen 9.6 lb/sec 

PARAMETER 

FMH 

PFMH 

TFMH-1 

FG 

PG-1 

TGM 

PFMGHO 

FUNCTION 

LH^ Flow Meter 

Pressure @ Flow Meter 

Temp, i Flow Meter 

Flow, Gas 

Pressure Upstream 
Gas Flow Nozzle 

Temperature Mixed 
Gas 

Pressure @ Pond 
Inlet 

PG-2 Pressure Downstream 
Gas Flow Nozzle 

TG-1 Temperature @ Gas 
Flow Nozzle 

PSIA 

PSIA 

TP-18 H O Temperature l8" from 
bottom of pond R 

PHOEBUS-2 SCALE BURN POND Sheet 1 of 1 
INSTRUMENTATION RECAP Test No. 010 

120°R 

SECONDS 

UNITS £ _ ! 10 i 5 2 0 2 5 3 £ 3 5 . i i £ i t 5 . 5 0 5 5 , 6 0 

7.60 7.50 7.57 7.60 7.58 T.5I+ 

391 379 370 366 361 357 

1+0 1+0 39 39 39 39 

2.06 2.06 2.06 2.06 2.06 2.06 :,:J 

890 889 891 890 891 891 ••"*••• 
• •• 
• • * 
• •• 

121 120 119 118 116 115 * . ' ] . . ; 

1+8.0 1+7.1+ 1+1.5 1+0.1 39.3 38.8 .*.'***..' 
• •• • 
• • • 

375 368 361* 360 358 357 :::: : : 

1+92 1+85 1+81+ 1+79 1+71+ 1+70 

510 509 508 506 506 503 

l b / s e c 

PSIG 

°R 

l b / s e c 

PSIA 



c. Conclusions 

The disposal of cold hydrogen gas in this manner appears to 

be satisfactory. At no time diiring any of the tests was the flame extinguished or 

uncontrollable. Wind does affect the flame height and geometric pattern; however, 

because of the apparent low heat content of fire, this does not present any major 

problems. 

The loss of water was reduced by the installation of the 

steel splash shields around the periphery of the pond. Future ponds could 

accomplish this by a concrete apron that slopes back into the pond or by having a 

larger edge distance (distance from pond edge to outboard discharge parts). 

The installation of the screen above the pond reduced the flow area above the 

pond approximately 50$. The screen appears to smooth out the jetting water over 

the entire area of the pond; water losses, however, were about the same as without 

the screen. 

It is apparent that the ignition source should be close to 

the surface of the water to prevent an accumulation of gas prior to ignition. 

5. Liquid I^drogen Testing 

a. Test Objectives 

Althovigh the PHOEBUS-2 disposal system was primarily designed 

for cold gas, the possibility exists that liquid hydrogen may enter the pond during 

cold flow testing of the fuel propellant systems. The objective of this test was 

to determine the performance of the pond while being subjected to liquid hydrogen 

flow. The pond configuration was the same as in Test 009. 
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b. Test Sxammary (Figure 39 and Table XI) 

Test 010 was conducted with liquid at a flow rate of 9.6 lb/sec 

for a duration of 20 sec. The performance of the pond was completely satisfactory. 

Ignition, flame configuration, and temperature gradients were about the same as in 

previous tests. The agitation of the water appeared to be more severe. However, 

only 7 in. of water were lost during the test. Several small pieces of ice were 

observed floating on the surface following the test. 

c. Conclusions 

The results of the liquid test were approximately the same as 

those of the cold gas test. This indicates that no apparent problems exist in the 

event liquid is flowed into the pond instead of gas. 

B. FULL-SCALE HYDROGEN BURN POND TESTING 

No full-scale tests have been run on the main PHOEBUS-2 burn pond; 

however, several reduced-scale tests have been conducted. Some of these tests were 

specifically to evaluate the pond performance while others, primarily test stand 

systems checkout, have used the pond as a disposal facility. 

One cold-flow test was rim in which 100 lb/sec of liquid nitrogen was 

ducted to the pond for a duration of approximately 300 sec. Water loss was 

negligible and there was no pond icing. 

Three tests were rvin in which ambient hydrogen gas was ducted to the 

pond and burned. Flow rates of 1+1+ lb/sec for the first test. 111 lb/sec for the 

second test, and 156 lb/sec for the third test were achieved. Ignition was 

smooth in each of the three tests. Visual estimates for the second and third 

tests place the flame height at about 300 ft. In the last gaseous H„ test in 
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© 
PG-1 N/A 

TG-1 N/A 

FLOW ORIFICE 

FMH 9 . 0 1 

PFMH ^01 

TEMH 4 4 - 7 

' - - PG-2 N/A 

MIXER 

TP- 6 506 

TP-18 502 

TP-30 502 

TPA2 .711+ BTU/Sq.ft . /Sec 

• TPAl 1.1+11 " / " / " 

FT ( C a l c . ) N/A 

TCM 1+7.2 

PFMGHO 17.1+ 

TFMGHO 35 -2 

P2DP2 

LEGEND, 1 s t LETTER 

P PRESSURE, PSIA 

T TEMPERATURE, R 

F FLOW L B / S E C 

(JEST Liquid Hp Flow 

RUN # 012'^'^ DATE 1/12/^ 

DATA TIME 20 SECS. 

TEST DURATION 21 SECS. 

HoO LOSS 7 IN. FLAME HT. 100 

WIND Calm 

_PT 

Figure 39 

Instrumentation Schematic, Summary Test Wo. Oil 
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TAILE XI 

SCALE MODEL HYDROGEN BURN POND 
INSTRUMENTATION RECAP 

Sheet 1 of 2 
Test No. Oil 

Type of Test LH Flow 
SECONDS 

vo 

PARAMETER 

FMH 

PFMH 

TFMHl 

PFMGHO 

TF7GH0 

TIDP 

FUNCTION 

LH Flow Meter 

Pressure § Flow Met 

Temperature @ 
Flow Meter 

Pressure § Pond 
Inlet 

Temperature § Pond 
Inlet 

Temperature @ No. 1 
Dist. Pipe Inlet 

UNITS 

R 

0 

lb/sec 9.21+ 

PSIA 1+29 

1 10 i l 20_ 25. 30 

9.21 9.10 9.00 8.99 1+.60 

1+21 1+12 1+06 1+01 133 

35 1+0 1+5 50 55 60 

U14.7 kk.8 1+1+.1+ 1+1+.5 1+1+.7 1+1+.3 

PSIA 20 .3 15.0 19 .9 18 .3 17 .^ l 8 . 2 

58.5 1+3.8 35.7 35.5 35.2 35.7 

60.7 1+8.9 36.2 38 .3 36.9 1+2.2 
• • • 
• • • 

T2DP-1 Temperature @ No. 2 
Dist. Pipe Inlet 

T3DP Temperature @ No. 3 
Dist. Pipe Inlet 

PIDP Pressure @ No. 1 
Dist. Pipe Inlet 

P2DP-1 Pressure @ No. 2 
Dist. Pipe Inlet 

P3DP Pressure @ No. 3 
Dist. Pipe Inlet 

TPA-1 Heat Transfer 12' 
from Pond 

76 55 1+5 he 38 1+2 

86 68 52.6 51+ 50 1+7 

PSIA 15.1+ 19.5 15.0 15.0 15.0 1I+.7 

PSIA 18.7 18.2 18.9 18.1 17.1+ 17.5 

PSIA 20.8 21.8 22.5 23.1+ 2I+.I* 25.5 

BTU/ 
Ft /sec 1.86 1.70 1.29 1.19 1.1+1 1.93 



Type of T e s t LH^ Flow 

oo 
o 

9 * « V 

PARA:-ETER FUNCTION 

TPA-2 Heat T r a n s f e r 2U' from 
Fond 

TP-6 H-0 T e n D e r a t u r e 6" 
from Bottom of Pond 

TP-18 H2O T e m p e r a t u r e I 8 " 
from b o t t o m of Pond 

TP-30 H2O T e m p e r a t u r e 30" 
from b o t t o m of Pond 

TABLE XI - (cont.) 

Sheet 2 cf 2 
Test A'o. Oil 

JECONDS 

I'NITS 0_ 5_ 10 IS 20 25 _ 30 3";. 1*0 '''^ '"JQ by oi 

BTU/ 
Ff=^/Sec .̂ "̂ -̂ •> .787 .790 , 5 7 3 .71-* 1.05 

°R 505 506 50U 503 '^OD t̂ OO 

""E 509 507 505 502 502 500 

°R 506 505 508 502 502 50^ 

• •• 
• • 

• • • 

• 

• •• 
• • • • •• • 
• 

• • • • 
• • 
* * 
• • • 

• 

• 
• • 

• • • • 



which pesik flow of I56 lb/sec was achieved, the flow exceeded that required for 

momentTJm simulation (12U lb/sec) for 12.3 sec (Figure 1+0). Visual estimates 

placed the flame height at about 300 ft. Temperatures in the pond area are 

shown in Figure 1+1. 

In the latest combustion test, liquid hydrogen at a rate of ll+O lb/sec 

was ducted to the pond for 1+0 sec. No icing was noted; pond water level dropped 

about 2 in. Combustion was smooth and well controlled with, however, a distinct 

crack (like a pistol shot) on ignition. 
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Figure 1+0 

Full-Scale Hydrogen B u m Pond, GHp Flow Test (Ambient) 

CAMERA 
LOCATION 

/ 

150°F 

83' 

-- 180 TO 
230° F 

80' 

260 TO 
350° F 

41' 

HYDROGEN 

BURN POND 

IGNITION 
SYSTEM 

A 
43' 

66' 

-350 TO 
360'' A 

260 TO 
350° F 

41' TES' 
i 25OT0„ H 

•—^ 260°F 

TO 
TEST STAND 

4B 

Figure kl 

Full-Scale Hydrogen Burn Pond, GHp Flow Test, Area Temperatures 
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VI. CONCLUSIONS 

The burn pond concept has been demonstrated as an effective means of dis­

posing of hydrogen at temperatures ranging from ambient to near the critical. Flow 

rates may vary rapidly from near zero to the condition where all discharge nozzles 

are flowing sonically, provided ignition sources are located near the pond surface 

and cover a good portion of its area. For the short run times typiceO. of rocket 

nozzle tests, rate of water loss is no problem with a pond designed so that sur­

face turbulence does not result in excessive splash loss or overflow. The burn 

pond concept becomes increasingly attractive as the testing of future generations 

of propulsion devices requires the safe, controlled disposal of larger flow rates 

of flammable gases. 
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