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INTRODUCTION

The preliminary work on chemical gas generation was carried
out by Canright with his work on mobile ges generation (Cf. Ref. 1),
end his further work on sirborne pressurizing systems (Cf. Ref. 2).

On the basis of the results obtained in the above two investie
gations 1t was thought that gas generation sysbems could be success=
fully designed if suitable msens could be found to control the gas
gepnsrabion reactlon, Howsver, in lisu of a broad design study of the
airborne gas genersabion fisld it wes decided to concentrate on
devising as quickly as possible a RFNA and sniline system for the
Wae Corporal,

To begin'the investigation it wes believed logiecal to work
toward a type of insbtellation shown in Fig, 2, utilizing gravity
feed %o provide the aniline injection pressure., (The eniline head
in the Wac Corporel varies from e minimum of 0,4 psi. to & meximum
of 5,0 psi. during its operaticn,) 4 system of this type would
efford the greatest possible weight saving as the components of a
gas generating sysbem replacing the presesnt slr pressurs tank would
be =z minimum,

The configuration shown in Fig, 2 represents the pressurizing
reaction teking place in the main acld tenk with the aniline supplied
from the mein aniline tenk. The function of the regulabtor shown in the

aniline feed line is to regulabe ths aniline Flow Lo malntain the
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essumsd to be = representativs valus,

Using this {b end Wae Corporal operating deta, the total weight

of propellants consumed in ths gas genersting reaction can be compubed,
&
w -

where

Ple.

P = 400 psi, = propellent tank pressure

¥ = 0,1 £t° = volume flow rate of propellents

saec
w - (400)(0.1)= 0.4 1lbs
100 sec
W :‘%'tb where

tp = 46 sec = -burning time

T = (0.4)(45) = 18,0 1lbs of acid and eniline

If the weight of the regulator in the gaes generation system is
2

L

lbs,, and the injector plus lines and fittings is 5 lbs., the tobal

weight of the system is 25 1bs.

Since the present overall weight of the alr pressurizing syshten
P & 1%

on the Wec is 80 lbs,, incorporation of gas gensration would provide

a

weight saving of 65 lbs., This figure represents en 11% reduction in
initial gross weight.
To see what this weight saving means in increased altitude, the

following equation (Cf, Ref. 3) can be used Lo spproximate the maximum

altitude obteineble (drag neglegted).
he[-TIspd Ln (-0 4 Do T [1 45 (-]

where h = altitude in ft,
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PROCEDURE AND EQUIPMENT

It was initially desired to determine if the reaction of acid and
aniline would procesa from the aecid tank down the eniline fesa line at
a rate greabter then the incoming flow of aniline.

To observe the resction of an acid sﬁrface in contact with an
aniline surface, & simple apparatus shown in Fig. 3 was used. The
diameter of the glass tube conteining the sniline was varied from 4 to
55 to 8 mm, The maximum rete of recession of the burning surface occurred
when the aniline was conbained in the 8 mm tube, The meximum rate was
of the order of only 2 inches in 30 seconds because of the periecdic nabure
of the rsection,

This characteristic allowed the acid and anlline to react where-on
the generated pases expelled the acid from the aniline tube causing a
delay in tﬁe’reactione The acid then Tlowed back on the aniline and the
cycle was repsabsd, The period of the process was aboubt one sscond.

Assuming gas generablion 1s to be used on the Wec and the aniline is
injected through an 8 mmn btube, the rate of aniline flow is 25 inch@s per
second, Lhis rate %as caleulated assuming = 150, 2 tank pressure of
400 psi., a volume flow rete of propellants of 0.1 cubic feet per second,
and & mixbure ratlo of the pgenerating reagents of 8 to 1.

From the results of this observation it was concluded that no
special consideration need be glven to the problem of prevenbing =

reacbion in the aniline feed line. It was discoversd later, however, to

=B
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overhaul to remsdy by o detonetioniin bun 14b.

{Cf. Teble 1.}

The opifices used in.

(o]
o
j Y

brated in the £niline Teed Line in order to take inte account any

kel

calibration was made of exhaust ges volume flow rate versus valve X-B

gt

ressure losses caused by fitbtings.  In addition do this a gualibative

{0f, Fig. 10} position. This inforpationias used to obtain exhaust valve

e

The gzcond phase of the exverimentoiion proceeded smoothly, the

cnly further eguipment modification being the change of the orifics

O

plate Cfrom dowastream of the pressurs regulétor io upsiream, aud Lhe

ingtallation of & new injector. This injector (Cf. Fig, 11) was desig

5

o eliminats the knocking during the starting transient by preventing

the ecid from entvering the aniline feed line prior to initiating the

4n example of the procedure followed in the second phase is

-

"cutlined bslow for run SQ:‘(Cf, Table L for debs and Fig. 18 for

1o B95 e of taniline were introduced into tank A

o

' G4 : of acid were inbtroduced int anlk “He
2 2940 ¢ce of acid e introduced into tenk B

pa]

3o Tanks B and O were interconnected by opening velve D=0
4, Tank AL was pressurized to 450 psi.

te dome was setb at

5. The regulating pressure in the

400 psi.



P

6. TValve X-B was closed.
7 Valve A-1 was cpened.
9. Valve A-2 was opened and the resction starbed.

9. In 20 seconds the pressurve in tank B had risen smoothly to

400 psi. and gtabilimed.

10. Valve $-2 wus closed at the end of 28 uevoﬂdw and the run was

ot

terminated.
1l. The acid and aniline was drained from tank A and By end the
amount consunmsd duriﬁg'%he Tuno wes @ete?minea.‘
18, SL  was calculated 4o Dbe 105.

In general SEE enﬁrﬁtlﬂm Drotess fuﬂ@ﬁ‘@ﬁ@u smoothly during
[ o

all %ga rung af the ge coa& Qﬁ&ueg both Wﬂeﬂ @eﬁ@r tlng gag in & closed
¥@luﬂﬁ uﬁd wgap exheusting the gensrated gas. RFigs. 15 and 14 show

same additional cgifiﬁarati@n tested in this vphase.
Run 22 was of particular interest as rate of change of pressure
(ég‘i ndicators were instelled st the top, center, and bothom of tank

Zy and gt bhe bop of hank Us

These indicators are of T

on:the princinle of a reluchance

tion. (See eppendix for dl%oaqs1aﬁ.gf dp indicator calibration)  The.
: : % :
dp record of run 23 indicated a negligible shock to the system during

the starting transient. It also indicated a pressure fluction of X

20 psi. 8t the top of Tenk B with & pericd of 0.15 secon de during
it ; E

] B
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that the volume flow . rate of genervibed sos we
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usgd, particularly in the
consumption may be caused

To determine the amount of acid baing

£ fhe deba for run 19 is considered,

iniline b’;m&l =

{b) "Langes Handbook of
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Bubble point of acid = 100°C @ 300 psi

T

fybient tempsrature = 15%¢

Calories to hsat ecid to b.p. = (2000)(1.55)(.6)(100-15)

i

158,000 cal.

Calories liberated by aniline = (8700)(1.02)(50)
= 444,000 cal,

Caloriss left to vaporize acid =444,000-158,000

= 286,000 cal,

Grams of =acid veporized = 286,000 - 286 g,
1060
ce acld vaporized - 286 = 184.5 co
1,55 \
% acid veporized - 184,5 - 9%(6)

In run 19, 20% of the acid was consumed, It is seen thet slmost
half of this ecid may have been lost through vaporization,

A similer celeculation may be carried out for the Wac Corporal
which shows that a negligible percentage of acid will be lost through
vaporization,

Initial volume acid = 2.72 cubic Ft. (For the Wec)

=~ 77,000 c¢
At eny time, €,

Vecid = 77000 (1 - % ) cold)
%5

(¢] The difference betwsen the scid boiling point and dew point has heen
neglected in this ecaleculation.

(4) The Wac Corporal burning time is 45 seconds.

15w



From data of run 20,

QD eniline = pv - (400)(0,38)
W aniline 0. 1462
= 1032 psi, fta
1h,

For the Wac,
W aniline — pv - (400)(0.1) - .0388 1p
S aniline 1032 sec

W eniline = 17.25 ge
sec

heet imput - (8700)(17.25) 150,000 cal,
8GC 580

To compute the %ime to reach boiling point,

§ = me_dt
& P
T = temp. °C
t = time in seconds

§¢ = 150,000 dat cal.

cp = 0.8 cal,
g.°C

mo= 77,000 (1 - % )(1.55) g.

45

150,000 dt = 77,000 (45 = %)(1.,55)(0.6) 4T
45

94,3 dt =47

451

ambient temp. = 15°¢

bubble pt. temp, of scid = 105,5°C @ 400 psi

+ 68,5
4.3 it :I dT
o F5-¢ L8
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On the basis of the vesults Lo date, several conclusions. cen

be formulated as to the essential points to be obssrfed in the degign

s

8my
pressurized cell separste from thHe main aniline hank.

@e Control of the maximun flow rate of aniline should be
mgintained, as with an orifice, to allow a fairly stesdy
flow of aniline rather than intermittent injection of

large smounts.

G Wit id of an orifice, an on-off bype pressure regu-
controlling the veaction.

e

+  Subsurface injection of the aniline is preferable to Lop

& 7 v o S PN ST i A o iy e e T A 1 g i
D.  The temperatures arve sufficlently low to permit the use of

k)

-
%

Ths smount of residus formed by the reaction does not

i

Lo be sgevere enmough to cause any malfunctioning of the gag

LI S S 7 A s g :
gas generzbion can be Incorpom

reted dnto current missiles with only

Corporal
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APPENDIX

Considerable thought was given to the measursment of pressure
fluctuations within the gas generating apparabus as it was believed
thet these fluctustions would be too rapid to be recorded by an ordine
ary berometric pressure gage,

In order to obtain a record of these fluctuations it was decided to
use detonation pick ups in conjunetion with & Miller Recorder. It was
then necessary to devise a program to calibrate the pick ups which
measured rate of change of pressure, 1.6, %% o

To do this it was decided to pressurize s 3,244 cubic ft. tenk of
water, and then allow the gas to expand end do work in forcing the weter
out through e quick opening valve installed in the bobttom of the tank.

The detonation pick ups were mounted in the cap of the tank, and =
wwgg versus time record was obteined on the Miller Recorder,

To record the water level as a function of time a resistance ladder
was placed in the tank and the chenge in resistence as the weber 1evél
passed each rung waes recorded, The calibration apparstus is shown in
figure 17.

In order to determine the order of megnitude of the %% renge of this
epparatus, an equation for gg was derived, based on the assumption that the

gas expansion in the tank was isentropic,

The equation is:

3¥+2
9_!1;\-;:-\‘_&_. XAC =
4t Cwr Vo f,7

A
ot
i



slugs
£t°

Vheres ﬁL,S Density of water in

o
1

1,404

<
13

Discharge coefficient for the outlet valve
A 2 Area of valve opening is £t2

Vo = Initial volume of gas in £t°

Po = Initial pressure of gas in.%%%_
- s 3 s, LDE
p = Fipel pressure of gas in
tte

In this case C was sssumed to be 0,6 and the area cof the valve was

0.,0145 £%2,

Changing 22 to ?_%Ef_h__,fom convience in csleculations, we have:
db in% sec
2.213

c.i1489 P
v ’PO-'7I3
o leo

&.Lﬁf
ct
tH

wherse p = Pressure in 1PS at any instant
iné
- e saa s, ibs
Py, = Initial pressure 1n<3_2

z
Vo = Initial volume in £t~

Selecting verious values of p, and V,, curves of 4P ys Pressure were
dt

obtained, Thess curves are shown in figures 8 and 19,

s

With this information sewersl runs were made selecting different

The initial pressure was measured with & bourdon gauge, and since the
final volume was known, the final pressure was compubed using the assumption

of an isentropic expansion.

-2



The difference of the firnal and initial pressures gave A p for
the expension, and this A p was used to callbrate the detonation pick ups,
since integrating the area under the gg versus btime curves also gives
&
Ap. Table 2 shows the results of this calibration,
The resistence ladder failed to record accurately and thus it was not

possible to obtain e pressure-time curve which would have given a second

mothod of calibrating tha;g% indicatorss

w8
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GROVE REGULATOR CO.
1190 - 67th Streel, Oakland, Calif.

PARTS LIST

-~

SCALE - INCHES

©

E-S

T

I

==

\

Gt |
\‘ _ /_@/. QD\ ‘\\" 3 N \\
R NN R
29) o /‘"
®
94 W—-94XW 94WC—94XWC

Bes Bes
No Name Part No, | Qty.| | No, Name Part No, | Qty.
1 | Loading Wrench ody TR =
2 | Loading leedle Valve 19 |Valve Spring

3 | Washer : 20 |Capscrew

4 | ‘rrommet 21 |Seal Ring

5 | Spring 22 |Body Plug

6 | Needle Valve

7 | Loeding Cross Body

e | Dome Thit Model Ko,

10 | Diaphragm Spring

11 | Diaphragm

12 | Diaphregm Plate

12 | Pushrod When ordering spare or replacement parts
1/ | Dowel Pins order by Part Number and Name,

15 | Valve seat Unit
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