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i. 0 SU!4;I&RY Roy ° A

This report describes the Scout hydrocen peroxide reaction thrust

system for vehicles No. 5 through 7. The various design problems, including

material selection, therl_odynamic and fluid flow an_J]..ysi.s,and system analysis

ar_; discussed.

The basic de.sign of the system is the same as the system developed

by Waiter Kidde and Compsny, Incorporated for vehicles No, i t.nroush 4 e:,:cept

for improved routing of plumbing, changing the 14 pound roll motor thrust reductJcn

system, and deletion of several components°

However. the NASA retrofitted the 20 pound roll motors in the second

stage with 40 pound roll r_otors° This wa:_ accomfJLsbed after ti_e second sbage

had been shipped from CVC to Wallops Island launch site_ _lhc 40 pound rolJ

motors assured tne NASA of better vehicle roll control durir,_, the secoi_d stage

main enginets burning, in accordance with }{eforenc_ $.ID no other .improvement

type changes ,:_eremade in the two systems° Chance Voughb As_.ronau_.ics fe_is

there _4re Irmny ways in which the reaction t_n'us5 s_stem can be improved to re-

duce weight, j.mnrove both degree and uniformity of performance, and J.ncr_.:_.ce

reliability if such imp;rovemeni:.s are feasible from an economic point o£ view°

Although the present Scout re_ction thrust systems at,.-;not. con.-

sidered completely refined, they fulfill the esse_tial r_quJ.rements of boLh

the specific_,tion and the ve_,icle itself° This has been demonstrated by

successful funetiona].._ystem tests and in actual vehicle firings°

2 .0 INTRODUC]'ION

The functions of the second and third stace Scout reaction thr_u_t

systems ere to provide vesicle attitude control and stabilization during main

enz]ine oper_,tion and vehicle coe.sto These functions are accom:5]ished b_

8 "on-off" re_ction thrust motors in the second st.:_ge system and i0 "oD-off"

reaction thrust motors in the third stage systemo

9.0 SYSTEM SELECTION

The use of 90 percent hydrogen peroxide (H202) as the propell_nt

for the second and third stage reaction thrust systems was specified by

Minneapolis-Honey,.:ell for Scout vehicles Nee 1 through 4° The hydrogen

peroxide reaction thrust system adequ'_{tely fulfills the Scout second and

third stage control requirements; therefore, it. was retained by Chance

Vought Astronautics Division for vehicles 5 through 7.

The use of conventional aerodynamic control surfaces such as

those utilized in the first stage of the vehicle is not practical for

second and third stage control since these controls are required to

operate beyond the earth's sensible atmosphere (above 130,000 feet).

The need for control during coast periods subsequent to burnout of th_z

_min rocket engine precluded the use of deflectors in the main engine

exhaust stream or other such schemes which are effective only during

burning of the main engine° Therefore, a reaction thrust _ystem utiliz-

ing gaseous products was indicated for the second and third stage control

sys ternso

There are five basic types of reaction control systems that

could be considered for the Scout application. The general ci_aract_r_s-

tics for each are listed.
............................................................................................................................
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Wi_e

Cold Gas

Monopropellant

C] ° "

peczfzc

II_ou!se

ilan_e

LOW

_,iedium

Applicable

D_ulse

lhnce

I.ie d- High

CO_S{; rL.1 .u:le

Ions

Imde finite

:Indefinite

Co;oJ.exity

'J_w

Bi-Propellant 1,]ed-tkLgh _-_'"oh_ teL"gh

Solid ]_cincs l'hd.-IU..sh ilcditu'_ L_,l:Lted Ibd-tfigh

Hob Gas Ihd-lIit_h I.icditm_ L_nited t[i_._-I.bd

lel:h bility

Potential

!_ce].lent

_c_ llen o-

Good

ilcstar g

CuDability

Yes

Yes

C_odLFa ir Yes

Good No

t_';_,ir _b

To best fulfill the requirements for Scout_ a bi-propell_uvg system

should be used in :'D" section and a memo-propellant in "C" section, but on

the basis of simoli_<Lng vehicle _aintc_nnce_ logistics, and system devc!op-.

ment_ it _,_as decided to use a mono-propellan-b for both sbages.

_e tlucee _hono-prope].lants considercd for this cpp!icat.ion were

Iw(h'ogcn-perc)xide_ hydhc_:'ine_ and ethylene o::ide, i1_e ir, oortunt clmruc-
teristics of these propellunts are sho',m below.

I.!OIIO-PllOPEI,IA17fS

rl_pe

}WO:-ogen-
Peroxide

90;_

I_c]i-azine

Isp

300-14.7 psi

132

i62

169

Dons ity

at 03OF

(7Fc3

86.7

62.6

54.4

Decomp. Temp.

OF

at 68°F

Fuel Ten_).

13_o

1565

].728

oF

ii.3

34 •5

-170.4

C._.u:l].o, o u
0R j_ea_ed

1.,S_ar _s

Silver

Ileat

SOllrCe

lleu-b

sourco

] .. ,

±oxzci cy

]3uz'nt

spin

Toxic

LOW

IIinety (90) ' percent hych'ogen peroxide was chosen because it required no

external energvy for sbarbins, was readily available, fa[rly ine_ensive_

relabively easy to _.mdle_ has a good storage life when handled corrcctly_

and has a io:_ confousbion _erJperature. %hese ad.vunbages out_ei_hed the

bother perfomnance of _he other two mono-prope!/,u_'cs considered.

@aseous niLz'ogen was chosen for the pressurizing medium "_,......13<..... ll,J_
2 L_of the ava_.labiliuy of ]mrdware thab couhI be used vib.h _t, and bhe vas_

amount of e:,_erience that lms been bui].t upon ibs use.
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4.0 SYST_,I DES ,_A,_TIOH

Restoring _,'oments for desired vehicle orientation are provldcd by

8 pressure fed "on-off" reaction tlu-us5 motors in the second sta_e system

and ].0 pressure fed "on-off" reaction thrust motors in the third s bage sys-

tem. _hese motors are so placed tlmt moments are set up about each of the

3 axes, pitch, roll, and yaw. The motors are memo-propellant and u hi]i.,e

90 percent b_ydrogen peroxide (I_02). Pz'opel]m_rb pressurization is providcd
by a COLq)ressed nitro.sen (i[2) gao system

• _, J°A schematic diagram and welgh_ breakdo_m of the second and third

stage systems are presenbed _I Fig_Ires i and 2 and Table I, respectively.

5.0 SYSTFr,I OPEraTION

The foJ.louing ol eraazonal description applies to both the second

and third stage reaction tl_rust systems.

BeferrJJ_g to either Figm.ve i or 2, the sysbem is clmrged with

ho/gLro_c_n peroxide t!_cougjl the pero.':ide charzin_ valve. S(he pero_zide

entering the system fills the lines and rises in be the peroxide tan]',s.

9:he peroxide entez_s _h,c tanks t]_rouOl the e;_q_u!sion tubes and continues

to rise vertically within the "ban]_ bladders. Y_y air and/or gas which

r._ty be 1)yes(m i) in the tanks is displaced by i;he e]Ttering peroxide and

vented overl)oard tlu'ou%h t_e peronide ' ' ......- tt11!i[S ov-e.cooard gm_ain uuoe_ 5]]e

overboard (lrain line, the 3.0 psi bach pressure check valve (ins balled

to insure comrlete filli_l Z of the bladder _;ith pero=ide), and the system

bleed valve. %_ez. the l_e'ro::ide leveP_ reaches the top of the ........- _T)O.Lo.,..L(iO

tu_flts'overboard 83:aLn tz_)es, peroxide begins f!o_zing tl_'ouch the bleed

sys_cm indicating that bhe ......... ,_ •_jo_e,.] _s fully cllarf_ed. _le overbo_trd tubes

ai'e located so as to ]?rovide sufficient ullage 1;i[;]zin the ganhs %o al!o_;

for e:q)o,nsion of peroxide due to an increase in te;,_?erature.

nl__.osen system is clmrged by means of the nitrogen ch:._rsins

valve. _rcough this w_.Ive, nitrog]en enters the storace tanhs and the line

leading to the nit, roL;en shub-off or presst_-ization centre], valve. Cna.__,_L,_,"• -'_,'-; ,_,"

continues until the nitro[;en pressure is brougjlt up to the sysbem rated

pressure (3000 psia for the second stage at 70°F a[_d i000 psia for the

third stage ab 70°F). _]_e system is how l_eady fez" operation exccpb for

pressurizing bh.e lb, c_'ou_en peroxide -_-_ "system. %__is is accomplished b E onen-
i r,
n o the nitrozen solenoid shut-off valve which allows rez_]lated nitrocen

(525 psia for the second sbage sys[;em and 45_ psJ.a for the third sSase

system in the locked u;2 condition) to f!o:z through the nitro6en rmnifold

to the gas side of the bladders in the per'oxide tanhs. This p.'essuri:_es

the peroxide in bhe ..... __ uan_s and lines un to the inlet of the reaction chi'usb

_.,otor control valves.

All motor valves are direct 'ton-off", solenold operated valves

e}/cept fo_" the 500 pou._zd motor valves _i}ie]l are solenoid con%rol].ed and

pneuhlatie'_lly actuated. The direct solenoid o!_erated valves are oi)e_e(l

upo_ receipb of a si(pm! f).'o]:] %he gui(lunce pac],age, i_[ych'ocen peroxide

alder pressure passes from the t;dfl:s throu_J_ the expu].s_on tubes; pe:'o::idc

lines, and motor con5z'ol valves, distributed over the deco_:posi%ion

ehz..mbers' silver screen eatalysb beds and deco:u!?oses into superhe:vted

sbet_m and o:_jcen. 5.he hot gaseous produoi,s e:Tpand, tlrcous]_ a convergent-

diver[sent nozzle an& p)foduce a reaebive t]trusg. '±_is process continues
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..... _._ traject;o:L-y cot-until the thl_ust _roduced by the 1_lotoz.sl_s sc<Gi_'zzeo. 'I

rection requirements for the vehlc].e. After the necessary correction Imps

been effected_ the guidance pac]_ge viii Interrupt the sigz_l to the pero-

xide control va].ve 3 thus closing bb,e valve and in'berrupting the fl.mc of

the paz'o.':ide •

_,_len an electrical, signal fro'n the gui_mnce is applied be the

500 pound motor valve_ the so.l.el_oldclos¢,_ the rog_u]nted supply liuc and.

vents the trapped nitrocen within the valve overboard 3 al!o_..:ingthe fuel

inlet press_:'e to open the va].ve and pcrmib pero:cJ.dc to flow to the motor.

Eemoval of the clcct::ica! sicna], from the valve pressurizes the bach side

of the valve shuttle w!r_i.chcloses the valve.

The third stage 14- pound roll mebet thrust is _'educed to 3 pounfLs

during the coast ph?,se of tl0e vchiclc flicJ% "be cease,we peronidc. %q_is is

accomplished by placing a normal]_f-c!osed solenoid valve in liue ._:ith the

14 pouud ro].l motor an?..placing an orificed by-pass line in para!].c! _,_itb.

the valve. At the cessation of burning of the third stage c_gine; the

vchicle tiz_er de-cr_ergizes the in-series solenoid va!ve; a].].o_inS "blUe

valve to close. Therefore; peroiide to the roll motors is forced to pass

tl_rough the orificed by-pass line. The orifice is sized (0°0].:._inches

nominal diameter) so as to produce a sig:-_ificant loss in peroxide pres-

sure (approximutely 350 psi). 'i_aisreduced fuel press_Lre to the roll

motors (approxir_untely 75 psi)yields a lower motor c]<%mber pressure, re-

sul±,in g in a lo_¢cr t]u'ur;t level (3 pounds). _]_is thz-ust is adeo_uahe to

overcome any small roll moment induced by the firing of the small pitch

(2 po<u]ds) and/or " ya_ (3 po<mg_s) control _notors.

Daring the coast phase of the third stage s thc roll r,:obors (3
_ .t. ,, m - * " J" ?pounds) also _._z_fy the yaw correction requirements. %9_e s::nli p.LuCa

motors (2 pounds) are used during co=st and are adequate for any pitch

correction necessary.

6.0

_e design objective }_as to provide a reaction tYa-ust system

capable of producin S a given total impulse with reaction control motors

of stated tl_'ust icve].s. This objective was to be obtained utilizing a

minJzm_m _¢eight and envelope within the lim_itations of the system rcquire-

I_ents. The n_jor design requirements are s_m_=rized in Table Ii.

7.0 SYSTEi.I "_.... _'D_o_Gz[ _'DILYSI S

7-i Effect of Nozzle Confi_rcation on System Performance

In order to establish data for the theoretical performance of

the second and third stage reactim_ motors for the ambient pressures speci-

fied in Table II_ the reaction chamber pressure _as est'.hm_ted. The actual

operating c_mber press_u-e is l_ited not only by the pressurizing system

pressure lJ_,itations_ but by considerations of the reaction;c_qa_,_er weight

and sbreng_ch at the ma::im_:_ feed bemperat_u'e. _h.e hydl_ogen peroxide feed

temperatua_e range of 40°F to ].60°F as spcclfied in Tab!e IX corre:;po_c_z

to a reaction temperature range of !320°F to lSl0°F. _%_s_ thc reaction

chamber must have sufficient strcndsh to contair, decomposition gases hay-

lag a maxlm_m temperatu_'e of approx£_tely 1500°F.
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Makin S allc!lanca for pressu;'c losses duc to the. flow o£ hydrogc-n

peroxide through the fe_d lin_s, cont::ol valve, and catalyst pack a m_<im,_l

chamber pressure of )00 psia was chosen, The actual sel._;ct.ion of optimtu:_

chamber pressure for the motors in both stages :_oufd require an c,xtcnsiv._

parametric analysis of the system which w_.s 1_ot att emp4edo RaLher, the

motoe chamber pressur.-, was selected b;_.,:._ed upo,._ u:ing a high enough _.rcs-

sure to Peep the mote;" nc:_z!e size w:t.i, hin acceptable limits, and y{:t pro-,,
vide _ to!arable uti]i,z,_tion factor for the pre,ssurant gm_. The selected

m_ximu_ chamber pressure of _00 psia appe,_red 40 be a reasomJ_ble design

compromise in view of these design ]imitations..

Having chosen the cha.,;.ber pressure, the theoretical perfo_,-mance '

of various nozzle geometries was investigated. For this inve.stigation

the properties of 90 porc_nt hydrogen peroxide at a feed temperature of

65°F was used, The co._'respondJJ_C reaction temperature is I_%60°F, and

the specific heat ratio is 1.2oQ' at the esczm_ted c_.:mo_r pre_ure of 300

psiao Although the reaction temperature o£ 1360°i r i, _- s,_,:;v:,'..:b.:.t, h.ighcr than

the minimum reaction t_'mpcl-ature of 1520°F, th_ effect on calcul-_tcd motor
performance is slight, Theoretical performance ClU"¢os are given in l>igures

through 7o Figure ) is a plot of Nozzle Az'c._Ratio vcr._us Pres_;ure Ratio

for a spcciflc heat ratio of 1,264 a_d is given to f:_cilltE_tc trans]:_bion

of area ratios into pressure ratios. Figure i_ presents the man:inter:speci-

fic imou].se of 90 perce_rt hydrogen peroxide at a feed temi>_:rature o£ 65°F
for opbimtun expar_sion, i_e_, the nozzle exit pressure is equal to _,mbient

pressu/-e_ Figure .5 shows the effects of over or under expansion on the

mLtximtun specific imptul se at optim_t,n expansion ratios as sho_.,'n on Fisu.-e

_o The ratio of the speeJ.fic impttlse of Figure t_ to the spoc:!.fic impulse

for an actual nozzle configuration is plotted against, nozzle preset:re

ratio (Pc/Pc) a._;a function of th_ ambi.e_t pressure z_,tio (l:'c/?a)o The

theoretlcnl performance of all possible second and third stag_ x'oc[:_t

motors at the respective design conditions is obtained fro_._ t!le data

given in Figures _ and 5, This performance is plotted in Fii_ure 6 as

Actual Theoretical Specific Impulse w, rsus Nozzle Pressure _Catio re!"

the values of ambient pressed'as specified as design conditions for

second and third stage reaction motors° Figure 7 is a plot o£ Altitude

to Sea Level Specific Ir,:pulse Ratios versus Nozzle Pressure Ratio and

was 8_veloped from. the data in Figures 4 and 5o The nozzle dimensions

for all second and third stage motors are given in Figure 8 and are the

basis of the tabulated data given on motor performance in Figures 9 and

I0,

Figure 9 presents the theoretical motor performance data upon

which the system was designed by Walter Kidde Co° and Figure i0 presents

the performance based on test data of tae actual components, The motor

ch:_mber pressure (Pc) values in Figure 9 were based on a nozzle efficiency

of I00 percent while those in Figure .I0 were obtained by clef,engining the

correct sea level thrust corresponding to a given altitude thrust from

Figures ii through 15 and 21 and then reading the correct chm nber pressure

from Figures 16 through 20 and 22o The Sea Level versus Altitude Correction

Curves (Eigures ii through 15 and 2].) are based on motor test. data obtained

in a vacu_n chamber and at sea level, and the Sea Level Thrust versus Chamber

Pressure Cu_wes (Figure_ 16 through 20 and 22) are averages for each motor

based on test data obt.ained dur.!ng the criginol N/_A and Air Force 609a program:_,

A wide variation in motor pcrfor_,-m.ncc was obtained, and those tun'yes
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should be used with caution. _le z_ozzle and 'pre_'.s_u'eratio information pre-

sentcd in Figures 9 and i0 were obtained from '_' n_"I:Lg_zres 3 and 8. '/_e a.uual

thrust coefflelen_ (Cf) given in Figaro lO was calculated from the re?cJ_bion

Of _c"

The theoretical Of at the dasi<_ ambient pressure (Pa) came

from the Ramo-Wool&cidge Tables for a _ = 1.20_ a an0 the nozzle eff:L-,
ciency (_) is the ratio of these two values. The specific i_u]se
(Is) _n Figure 9 yes tahe.n from Figure 6a and the fuel flow rate (_)

was calculated from the formala _--F . The specific i_pulse in Figure
is

lO was based on average values obtained by testing No. 5 vehicle motors.

The silver screen catalyst area was obtained from Walter Kidde dmta_ and

the catalyst loading factor Is based on that area. It should be noted

tl_t the actual loading factor for the second stage motors is well over

the recommended value of 20 pounds per minute per square inch _yhich_is

a result of uDrating the motors.

7.2

7.2.1 Hydrogen Peroxide

The required hydrogen peroxide storage capacity was determined

by estimating the actual performance of the reaction motors. Since all

the reaction motor nozzles _ve an ideal specific _rpulse range of 158-

l_l seconds_ a mean value of 160 secon(_ was used as a basis for deter-.

mining hydrogen peroxide tanhage capacity. Asst_ing a nozzle efficiency

of 90 percent_ t_ actual specific impulse of _hydrogen peroxide is ]7_4

lb-sec/ib._ which agrees _uite well with the test data _oted in Ficn_re

10. The _ydrogen peroxide capacity required for the second and third
stagc steady state total impulse (Table II) is thereforc 178 and 17.8

potu_ds, respectively. The expulsion efficiency of the bladder type

peroxide tanks is approximately 99 percent, but, the _el in the _nl-

fold and lines is not usable. This amounts to about 2.5 to 3 pounds in
"B" section and i pound in "C" section or a fuel _n_vailability per

section of 2.5 and 6.25 percent_ respectively. With the state required

quantities of 178 and 17.8 pounds of hydrogen peroxide for the second

and third stage systems respectively, the specific impulse that must be

obtained to provide the total impulse for cyclic operation is calculated

to be ll7 and 123 seconds for the second and third stages, respectively.

Thus, the specification allows considerable degradation of reaction motor

performance when operated intermittently as corapared to continuous opera..
tion.

The required volume of the _ydro_en peroxi(le tanks was detcr-

mined by the density of hydrogen peroxide and the total weight of peroxide

carried by each stage. For a density of 86_9 pounds per cubic foot, the

required values are 3640 and 364 c_ic inches for t1_ second and third

stages, respectively, based on the. usable volu_ne of peroxide. The cal-

culations, which detennine the capacity of the hydrogen peroxide tank-

age_ are s_m_nri_ed in _able III.
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7.2,2 Nitrogen

The nibrogun fuel pressurization system;isfor the seceded and third

stage reaction control aye,terns are based on the no_inal 1_drogen peroxi(m

tankage vohm_es plus the volume of the lines and fittings° The nitrogen

storage capacity depen&s on the amount of heat transfer to the nitrogen

during operation as well as system presstuces and fuel ta_k voltm_es. 5._ne

extremes are given by isotherm;sl and a@J.abatic e_ancion of the nitrogen,

The actt,nl system operates somewhere between these exbremes.

• eapac.L,_J.e_reo51ired for isothel_;al andThe nltrogen storage ' "_

adiabatic pressurization of the fuel tanks is given by the follo_¢ing

ex_pressions:

rain J' Pi " Pf

Isothcrm_.l

max Pi - Pf

Adiabat.,.c

where: VN2

V_o2

Pi

Pf

= volun]e of nitrogen storage tank

= vol_e of hydJ'ogen peroxide storage tanks

= specific heat ratio for nitrogen

= fuel pressure (psla)

= initial nitrogen conbainer pressure

= final nitrogen container pressure

Assuming a minin_n pressure drop across the pressure regulators

of 50 psi_ and using the Ik_el system pressures of 525 psla for the second

stage and 455 psia for the third stage_ the maxirm_m and minlnumvalues
of nitrogen storage capacity for each stage are as follows:

Hydrogen Peroxide Tank-

age Volume - Cu. TU.

Pi (psi_)

P_ (psi_)

Pp (p_)

(v_%) (C'u.m. )

(v_,h) (_. :m.)

Act_. V_a (_. In.)

Secon& Sta_e

4,000

3,000

550

_29

816

1,140

78o

'd_ird Sta_

400

1,O00

490

_55

321

450
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Note tlmt the actual nitrogen voltm_e for the second stage tank-

age is less than that required e_en considering isothernnl expansion.
_%_is tan}u_gE was designed by _,ro.lterIQLdde Co. for the _D\&% 1 through 4

and the Air Force 60_a vehicles_ and the following is their Justifies-

tion fo_._ under ........des_gn.tng the tankage, "It wou].d at first appear t}Jav

ti_e supply is therefore inadequate for the application. However_ it

imast be fu:.rtherconsidered that such a condition will merely result in

the re&uction of _le]. supply pressm:e toward the end of the system cycle

provided the demand has been fairly h:[_;,and virtually all of the per-
oxide on board has been utilized. This _$ill result in lo-_._ermotor thrust

levels toward tl_e end of the cycle which actually will be sufficient to

control the vehicle ( reference lo_.,rb!u'ust level requirements for Scout

i tkrough 4.and 60% vehicles) and in effect will rcd_ce system fuel

conzm_ption. ._ne reduced nii_rogen vol_:e can thus be e:_Ected to have

a beneficial effecb on system perfor_:._nee." SJ_ce the system 1_s per-

formed satisfactorily thus far_ no attempt wan nm_de to increase the

_,._eigktof nitrogen stored in the second stage for vehicles 5 tl_ous h

7.3 Lines, Valves and FItti_

7.3.1 Basis for Selection of Line_ Valve and Fitting Sizes

The selection of ].ine_ valve and fitting sizes was based on

the expected m_,ximun hydrogen peroxide or nitrogen flo_< rates at various

points in the system. 'ihe individual motor flow requirements used for

(lesig_ by _,_alter!QL(!deare sho,_,nqon Fig_are 9- All of the hy¢h'ogcn per-

oxide lines were sized for a _axinm_m flow velocity of 20 feet per second.

[T_c pressure .losses per foot of line and the flora rate at tb_Ls velocity

are given below.

}EfDRC_QENP_i_0X.-_DELiI_S

Rev. A

NoLqinal

o..Ze

1/2

>/8

o.z8o

o.3o5

o.430

o.55>

0.C_0

0.805

0.930

1.180

Pc'coxide

Density

86.9

86,9

Velocity

F5/Sec.

2O

2O

Flow Rate

_/Sec.

0.3o8

o.881

Z.76

2.97

4.38

6._5

8._o

13.2o

Pressure 1_oI)

_P psi/ft.

5.83

3.03

z.95

z.45

i.ii

0.90

0.75

0.556
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The gaseous nitrogen lines were also slzed to obtain a s_mll

pressure d_p for the maximum flow rates expected in each system. The

following table gives the press_'e dz_p in psi per foot of length for

three llne sizes and flo_¢ rates of 10, 50, and 100 percent of the maxl-

mum expected design flow rate of 0o213 pounds per second and the m_i-

mum expected actual flow rate of 0.248 pounds per second.

NITROGEN LINES

Flow Rate

- _Soc

0.0213

0.I07

O. 213

Actual

0.0248

0.124

0. 248

Pressu_rre__DD___R-_ AP - ps

_.ll//_"-.ID = o180" _,.'_/8"-ID --_._._

0.48

Actual

0°90

17.7

Desizn

0.045

0.83

2.9

Actual

0.074

1.35

4.6

...._esi_n_

9.2 0.17

0.60

Actual

0.254

o.87

Rev. A

Fittings and valves wore generally chosen in accordance with the line sizes

in both the fuel and pressurization systems°

7.3°2 Second Stage

The line sizes for the peroxide system were sized by Walter

Kidde based on the information in Figure 9. These same llne sizes were
used in vehicles 5 through 7 since detail design data was not available

to CVC in time to check the Kidde design. The actual flow rates that

may be expected based on measured specific impulses and nom_na] and
msximum thrust levels are higher than Kidde's design values. The follow-

ing table presents a comparison of the design with actual conditions,

The llne sizes were obtained from the tabl4 in Section 7.3ol based on

the fuel flow.

HYDROGEN PEROXIDE

FL_q RATES AND LINE SIZES

500# Motor Line

2_ _ Motor Line

40_ Roll Motor
Line

Manifold

Tank Feed Lines

(I0 tanks)

Fill Line

Bleed Line

Vehicle

Line

Size

In_

3/4

3/8

3/8

!.0

3/8

3/8

1/4

W_K DesiKn

Flow Line

Rate Size

#/See In.

3.58

o.144 i/4

7.5 i.o

0.75 3/8

---

--- 1/4

Nom, Thrust
Flow Line

Rate Size

#/s_c In..

_.z8 3/_

o.163 1/4

o.364 3/8

8.9 i.o

0.89 3/8

Flow

Rate

__ /Sec
4.67

O.196

0.40

9.73

o.97

Max L_Th rust
Line

Size

In___

l-l/8
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Only in the ease of the main manlfdld are the vehicle lines too

small to carry the nominal flo_r rate at velocities less tkzn 20 fcet pgr
second° bhder _mxIInum flo_T conditions all the lines are slig_%t]o_ uuder-

sized except for the 20 pound inotor line which was chosen over sized for

handling reasons. In none of thcse case_ _ill the velocity in the li_.es

exceed 22-25 feet per second and a change in size _;ould not be justified.

Asst_ming that each of the ten storage tanks feed the m_in p_ni-

fold uniforJ_t_y the chosen ]ine size is m_rg';.z_,!_V adequate.

_ne sizing of the fuel _[_.iiand vent lines was based on the

charging flo_r rates. Since the system can be charged in approx_tely

15 minutes at a fueling press_re of 90 psi, the chosen 3/8 inch fill

line and i/4 inch vent line up to the back pressure relief valve are

considered adequate.

The nitrogen line sizes were also selected by Walter l[idde

based on the fuel flows noted in Figure 9 and above. The density of

the nitrogen gas pressurizing the fuel tanks was assumed to be 2.50

pouud_ per cubic foot at 500 psia end 70°F. Since, for a _ven _os
flow density (i.e., fJ3ced mass flow rate and pipe diameter), the prcc-

sure loss is inversely proporbional to the density, all the nitrogen

lines were sized for the lowest density in the system (2.50 lbs/ft3).
The following table presents a comparison between the desig_ and nominal

thrust conditions. _]_e line pressure losses were obtained from the
table sho_m in Section 7.3.1.

N]?fROGEN

FLOW _TFS AI[D LI/_E PRESSURE LOSS

N2 _,hnifold ;.

N2 Feed Line
to _nifold

1_"2 Feed Line

to H202 Tanks

Vehicle

Line

Size

In.

z/a

l/2.

W-IC Desifln

0.213

o.1o7

Line

Ap

o.6o

0.17

0.48

.... -NO_U"/ha-1Th_-ust

Flow P_tes

.... ¢JSe c •

O.248

o. 4

0.0248

Line

_P

0.87

0.254

0.90

It will be noted that the line loss associated with the nomilml

thrust fl_ rates are hi_er than the design values but are still quite

l_. For this reason no thou_ht kas been given to increasing the size
of the nitrogen l_nes.

_%_0 nitrogen supply lines to the 500 potmd motor valves' _ilot

are l_ inch. Since essentially no flow occurs _ these llnes_ a smaller
line could be _med, but for practical considerations it _s not con-

sidered wise to go belo_¢ 1/4 inch.
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7.3.3 _lird Stage

The peroxide line sizes in the third r.tagewere also selected

by Walter Kidde in a similar manner to the second stage selection. The
reflecting table presents a conq_arison of the design and actual conditions.
The line sizes %¢ere obtained from the table in Section 7.3.1 based on

the fuel flow.

HYDROGEN P]]ROXIDE

FLOW RATES AND LINE SIZES

40_L.Motor llne

Cluster Line*

l_hnifold

Tank Feed Lines

(2 _'an_s)

Fill Line

Bleed Line

Vehicle

l.ine

Size

3/8

s/8

3/8

Flow Line

Rate Size

0.274

0.359 3/8

o.718 3/8

0.359 3/0

.....

..... 1/4

Nora. UJnmst

Flow

lhte

0.3G_

O.453

o.9o5

0.453

Line
Size

In.

3/8

s/8

3/8

3/8

I,hx. T1u'ust
Flow Line

Rate Size
I! [3_ oc_

o.4o 3/8

o.1 97 3/8

0.995 1/p

o.497 3/8

*A cluster consists of one 40 pound motor, two 14 pound motors, and one
2 pound motor feed from the same feed line.

It will be noted that the rJnnifold is marginal under the nmxi-

mLuu t_ust condiCions, but here again the expected velocities would be

less than 25 feet per second and larger lines not Justified.

Since the third stage fuel flo_; is about one-tenth of the second

stage f]ow rate (O.96Olbs/sec. vs. 8.9 ibs/sec.) the nitrogen flow rate

for the _li.l'dstt_O J_S appz'oxil_mtelyone-tenth that of the second stage.
It will be noted from the table in Section 7.3.2 that the nmXi_ItUilpres-

sure loss in a i/4 inch line %;ould be 0.00 psi per foot. Therefore, the

1/4 inch line was chosen for all the nitrogen lines in the third stage

system since s[{,Lll]erlines _;erc not considered practical.

7.4 Ph'essure Eeducers__j_elief Valves a_qnd Solenoid Control Valves

7.4.1 Pressure Reducer, W.K. P/It 3593C-0002

This pressure reducer is employed in the second stage reaction

cont,±'olsystem. It is a high qual1_ty aircraft type pressure reducer which
is CLq)[_blg; of Ol)eratJ.ngwith an UpSt]?CL_II! pressure in the range of 3000 be

500 psi. _1%%0delivery l,z'essurcis adjustable to any desired value _;ithin
a _;ide ranc e. _I this app]-icatJ.on,the de].Ivery pressure Js set at a

nominal value of 525 psi. The reducer _ms a rated capacity f]ow factor
of 0.48.
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The design incorporates a balaneigg device which pelunlts large
variations of upstream pressure without seriously affecting the delivery

pressure. This device acts to overcom_ the effects of both upstream and

downstream pressure va_latlons by equalizing tb_ forces within the re-

ducer. A delivery pressure sensing piston acts against a spring to con-

tro_ the dellverypressure without extraneous forces affecting the con-
trol.

I

This particular pressure reducerdesign has been successfully

employed by Walter Kid_e & Co. since ]953, and Ims passed the qualifica-
tion tests of SpeclficatlonMiL-R-8572A.

7.4.2 Pressure P,educer 3 W.K. P/N 2172E-0212

'ITLispressure reducer is used in the _Ir& stage reaction con-

trol system and _s designed specifically for the small envelope require-

ments. These pressure reducers are n_; being made in qt_antity an&have

tu_ergone Ikmctional and acceptance testing. As in the second stage re-

ducers, this desigm feabtu_es a balancing device which allo_s appreciable

variations of upstream pressure(ll00 psi to 500 psl) vlthout s±_llficant

effect on the delivez_ pressure whirl is set for a nomizkal value of 455

psi._ The rated capacity flow factor for this reducer is 0.05.

Effects of both upstre_ and d_mstreampressure variations

are overcome by the inber_lbah_ncing of pressure forces in the re-

ducer. A spring loaded pressure sensing piston controls the delivery

pressure and its design is such t_t control is not affectc& by ex-
traneous forces.

7._.3 Nitrogen Relief Valve, W_K. P/N 872798J0525

This nitrogen pressure relief valve, which is used in both the

second and third stage system3 has been in production at Walter Kidde&
Co. for some time. it has been tested in aceordnnee with Gru_man Air-

craft Engineering Corp. specifications, and is used extensively in

pneumatic systems.

The valve is a direct acting type _<hich permits a small compact

envelope corapared to other designs that use larger pressure sensing areas.

The seat or dynamic seal finds vide usage in _ny Walter iCidde's valves

and has sho_na good reliability for pnetu_tic operation up to 2500 psi.

A t_ique feature of ti_s relief valve is tl_t it permits extremely high

relief flows when the relief pressure slightly exceeds the normal rate&

flo_z p;_essure. _l_qeset o_- craek_mg presst_e for this relief valve is

650 -+20 psi.

7.4_4 Relief and Dleed Valve Assembly, W.K. P/N3593B-0022 and 3593B-0012

The relief and bleed valve assembly is used in both the second

(3593B-0022) andthird stage (3593B-0012) reaction control systezm. It

is an in-line assembly uscd to allow overboard hydrogen peroxide pres-

sure relief in case of over-pressurlzation of the system.

This assembly incorporates a i0 psi valve (W.K. P/N 2169L-000z),

an AN 938-4 tee and a 700 psi relief valv_ (second stage) and 600 psi
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relief valve (third stage). The design of the relief valve is si_il_r to

the nitrogen relief valve (872798-0525) except for the use of a different

"O"-rlng material compatible _th 90 percent hydrogen peroxide. This re-

llef valve pennlts satisfactory relief flows when the valve inlet pres-

sure slightly exceeds the pressure to produce rated flow. The cracking

pressure is 700 psi (second stage) and 600 psi (third stage) and the re-

seat pressure is l0 percent below cracking pressure° The 10 psi valve

has a cracking pressure of 14-18 psi and a reseat pressure of 5 psi

minimum and is used to maintain pressure on the peroxide system during

fueling. The AN 938_4 tee accommodates a Koehler (3-110634) "on-off"

bleed valve.

Re\r, A

7.4.5 Solenoid Operated Fuel Control Valve, Co-Axial Unbalanced,

W.Ko P/N 2r 2c-ooo3

This valve is ,used to control the flow of fuel to the 2 pound

thrust motor. It is a simple and compact design requiring low power for

operation. The spool and the shell of the valve are pressure tight.

When the solenoid coil is energized, the armature moves and permits axial

flow through the slots and drilled flow passages. Upon de-energization

of the coil, a spring forces the armature against the valve poppet which

therenpon clo_es against the seat, stopping the flow of fuels Considera-

tion was given in the design of this valve to the proper selection of

materials so that all surfaces in contact with the fuel are fully com-

pat_le with it.

7.4,6 Solenoid Operated Fuel Control Valve, Co-Axial Balanced,

W.K. P/N 3593D-0013, 3593D-0023, or 3593D-0003

These valves are used to control the flow of hydrogen peroxide

to the 14, 20, _0 pound roll and 40 pound pitch and yaw thrust motors°

Essentially, the three valves are identical except for attaching fittings

and flanges. The solenoid of this valve has an armature which is designed

to permit free flow of fuel axially through the valve assembly. An extended

stem on the armature acts as a valve seat and also serves as a balancing piston°

A drilled passage through this stem permits upstream presstu'e to act over the

cross-sectional area of a cylindrical cavity thereby producing a force equal

to and opposite the pressure force acting on the valve seat. This b_lancing

feature makes it possible to employ larger seat diameters and higher pressures

with a given solenoid. Within the solenoid coil load capacity, flow can be

varied by changing the valve travel, and in effect, this is what is done to

utilize the same basic valve for three different motors.

Again, all the valve materials have been carefully selected for

compatibility with the fuel.

7.4.7 Motor Control Valve, Marotta Type MV-159DB, P/N 218894

This "on-off" type valve is used to control _e flow of fuel

to each of the 500 pound thrust motors in the second stage reaction con-

trol system. It is capable of delivering 4°65 pounds per second of hydrogen

peroxide with a maximum pressure drop of 20 psi while operating over the range

of system pressures.
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Functionally, the valve requires a so_u'ce of clean dry nitrogen

whose pressure is equal to t1_t of the hydrogen peroxide at the inlet.

_e nitrogen enters at the valve pilot section and pressurizes the back

side of the fuel shuttle assc_b]_y. Since the shuttle area exposed to

the nitrogen is larger tk_n tl_t acted on by the fuel pressure, a

differential force exists which insures positive closing. To preve_.rb

the valve from opening when the system is being ci_rged with ih_el,:a_d

thcre is_ as yet no nitrogen pressure on the pilot side of the shuttle,

a helper spring is incorporated in the design. T%is spring exerts a

force on the shlrbble which is sufficient to keep the valve closed tmbil

the fuel pressure exceeds 35 psi.

Energization of the valve solenoid with a voltage of 24-30V DC

results in shubbing off the nitrogen supply into the valve and veni;ing

of the nitrogen side of the shu_ble to atmosphere. _e valve opening

and closing response c]_zracteris5ics exceed the specified requirements

and arc llnrginal if long coast times are required for the second stage.

7.4.8 Solenoid Opcrated _rusb Control Valve, _'_rotta T_qpe _F_ 100T

This valve is used to force the flow of peroxide to the 14 potmd

roll. motors throug_ an orificed by-pass line d_u'ing the coast phase of

the vehicle flight. It is a simple and compact design requ:Lring lo>r

pcn zer (i an_ere) for operation. When the solenoid coil is energized, the

armature moves and permits flo_< tlu ouc/_ the valve. Upon de-ene;'gization

of the coil, a spring forces the a_:qature against the valve poppet which

thereupon closes against the seat, shutting off' the flo_z of peroxide.

All I_uterials of the valve tb_nt are in contact with peroxide are fully

coi._patible.

7.4.9 Nitrogen Solenoid lntehing Valves, W.K. P/N 3593}[-0014 and 3593K-0004

This va]_e is used to remotely presstu-ize and depressurize the

hydrogen peroxide system and replaces the squib valve used on the first

Scout and 609 A vehicles. _e two solenoids used for opening and latch-

ing require a max_a_n current of i an?ere apiece.

_e nmterials used in the valves are not specifically for per-

oxide use, but the downstream side of the valve is stability checked and

any excessive "" "_ac_mw._y is cause for rejection.

A pulse current of the main solenoid allows regulated nitrogen

to by pass and pressurize the d_stream side of the primary shuttle

which is spring loaded closed. This pressure exerts a force sufficient

to overcome the spring and opens the valve, l_en the main solenoid is

pulsed, the spring loaded latching solenoid locks it in the open posi-

tion. To close the valve a pulse current is appliedto the latching

solenoid causing its piston to be withdra_cn fl'om the detent in the main

solenoid sh_fb, thereby allm_ing it to close. _e regulated nitrogen

holding the primary shuttle open is then bled overboard and the priggery

shuttle spring closes the _in valve. The pressurizing gas in the per-

_:ide system is vented overboard tbA'ouc_ha restricted passage equiva-

lent to an 0.030 inch diameter orifice.
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Charging Valve, W.K. P/N 2169B-0023 an_ 3593B-OOO2

This c_arging valve is used in conJunctioni_th ebe.rgiug the
second (2169B-0023) and third (3593B-0002) stage reaction thrust systems

with 90 percent hyd_-ogen peroxide. The charging valve is a needle type

valve with a metal to metal seat and is _nually operated.

7.5 Selection of _aterlal_s

The selection of materials for the second and thir_ stage re-

action control systems has been based on t_o considerations. First,
selection was v_de on _hhe basis of strength to wei_It ratios which were

most compatible with the requirements of the flight c_uponents. The

second and major factor# since it could not be co-prized even to save
weig_, was that only co1_atible materials could be used for those

parts which were to be in contact _ith the hydrogen peroxide. These
_.ro considerations determined the material selections which were made

for the various parts of the systems and are discussed in the follow-

ing paragraphn.

7.5.1 Nitrogen Storage Tanks

The nitrogen storage tanks in both the second and third stage
systems have been fabricated of SAm4130 alloy steel and arc coated
with an epo_/ resin on the inside. This material was selected because

of its hig_h strength properties and its ease of fabrication for the

type of presst_e vessel under consi_eratlon. SAm 4130 alloy steel

is not an optimum material for this application when co_ared to
titanium or some of the other more exotic high strenG_hmaterials.

l_ever_ the weight saving which could be realized by using one of

these materials would be fairly small..Fabrication would be more

difficult,and result in hi_her costs. Hence, SAE 4130 steel was the

choice for the nitrogen storage tanks.

7- 5-2 Fuel Tan]zs

ih_e aluminum is the most compatible zzterial with _vga-ogen
peroxide. H_ever, since it is a poor material frora the standpofurt

of strength, -.a_ a severe weight penalty would be incurred if it were

used. Since a bladder _zas to be used to separate the stored fuel

from the tar_< _mlls, the need for making an optimum al_zInum selec-

tion in regard to compatibility was not of primary importance. There-

fore 6061-T6 aluminum alloy was selected for the hydrogen peroxide

storage tanks. This _terial is Class 2 when properly treated in

accordance with NAVAER06-25-501 and has excellent strength properties.

Forming of 6061-T6 is relatively simple and economical, while welding
and brazing present no particular problems. Other minor parts of trm

fuel tank assembly were also made of 6061-T6 aluminum al]oy.

Insofar as the bladder was concerned, the first material con-

sidered was Teflon. At the tinge when material selection_ were being
made it appeared that making the bL_dde_ out of Teflon would result in

an extremely high cost for this item. _hJz_lybecause of this cost

factor, other possible bladder materials _rero investigated_ and

Silastic _711 was found to be a suitable choice and is c_rently
used for th_ bladders of the fuel tanks.
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7.5.3 L_mes

7"5 _ -'- rr•j.1 Second S _,_._.e

__ae hi_ pressure nitrogen lines In the second stage a_c fsb-

ricated from 321 stainless steel tubing_ because of its high streng_bh

properties. The hi_ez _ strength was requiz'ed to withstand the pres-
J

sures employed on the seco;;_d stage system without going to e_,'_reme,_y

thick walled aluminttm tubino_. _ncse lines are 3./2 inch diameter from

the tanks to the manifold inclusive and are i/4 inch from the m_,nifo!d

to each ]_drogen peroxide "bank.

With regard to the peroxide lines in the second stage system;

-__ e,,cep_ion of thethe material sc].ection was stainless steel with t_ "" ....
I _ ' ° t-,c, .L _,. .7_ •flenible noses which are made of oGazn]_e_,, s_eel-_e,lon lines. Stain-

less steel was chozen rather than aluminum due to the possibility of

alumintun hyclrOX:Lde", ior_._a_lon in altumimum lines. Durin_z the course of

system developmenvj some e>7oerimen;ation was caroled out in an effort

to find suitable means of protecting a!_L_inu_ tul)in_ against the forma-

tion of a!uminLu_l hy<Iroxide. Treatment _ith various acids and other

solutions as well as sullh_ric acid anodizaZion _ere studied. At first,

. " '- _ "-_"_-_.ms tried onanodization appe.-red to be satzsfac_or), but when _i_z;_

several systems the formation of al_miint_._hyd_ox:tde was found "Go be

quite pronoun_cod; even to the extent of possible clogging the ].iues

and/or the valves in the system. To obtain satisfactory ano_ization

special tooling _[ou!d be required with a corresponding increase in

cost. Consequcnt].y; this approach was abandoned and 3!6 stainless

sbeel tubing and Teflon flexible hose are currently used in the second

stage hy(h-ogen pero::idc system.

7.5.3.2 _ird _b,_

1_hch of the discussion dealing _:ith the second stage line-

is applicable to the third stage system. The _%_e! and nitrogen !i"

are fabricated from 32! stainless steel tubing. _ this stage; t]

storage pressure of the nitrogen is only 100O psi z_m.::i_uu;and th

hi_ pressure supply line is I/4 inch diameter.

7.5.4 Fz_mng_

In the case of aluminium AN fittings; the material of fabrica-

tion is 6061 al_uninum alloy. _[ith regard to the stainless stec! fitt-

ings; those used in the subject systems are specified as "S" t_pe _{

fittings. This means tl_t they uust be r_mde of either Type 304L or

T_q)e 347 stainless, rather t_han Type 303 stainless which is not very

compatible with l_/8mogen peroxide.

7.5.5 Pressure Reducers

The pressure reducers for the second and third stage systems

are 2024-T4 altm_inm_ alloy bodywith synthetic rubber and nylon seals

or seats. Some of the _terna! metallic parts arc 303 stainless steel

and the spring is tin plated spring steel.
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7,5.6 Check Valves

Stainless steel (304), compatible with hydrogen peroxide, has

been used in the system_' check valves. These valves wore located in the

ruitrogen s,a?ply lines Ju.,_tdown_;tream of the pressure reducers to guard

against the r_:moto LJossibiiity of peroxide getting into the nitrogen

llncs and flowing b_ck into the pressure reducers. Since the incorpora-

tion of the nitrooen latching vslve there is no requirement for these

valves° it h&s been retaliated because the system proc'_ement and fabri-

cation were too far along to economically remove it.

7.5°7 Relief Valve and Bleed Assembly

These assemb!ie3 consist of 700 p_i (second stage)' and 600 p_i

(third st._1_e) relief v_].ves, i0 p_i check valve,_ cud _ 9_8-4 teOS o The

700 and 600 psi re].i_f valves are 6061 aluminum which are su_Ifur_c acid

anoc_ized for perox.i(le compatibi_1.1ty. The l0 psi check valves are 304

st__%n].ess steel and the AN 9_R8-4 tees are corrosion resistant steel

compatibls, with hydro[_ien peroxlc_e for Cl_ss 2 service.

7.5°8 Reaction l_ctor Control Valves

The detail Darts of the Walter _Idde reaction motor control

valves in contact with hydrogen peroxide _re fabricated from 30a st_}.n-

less steel except, for" the plungers which are 17-4 PH stainless steel.

This was chosen for its m_netic properties and is a Class 2 materia].o

The v_Ive used _.or_ the 500 _oound thru_:t motor is fab_csted

from 6061-T _lumiUUmo ...._is valve, being pilot_d, does not reqvire the

u_e, of m_gnctic m_teriais _n ccnt:_ct with _........ i_

7.5o9 ,_-'I 4R .... ct_on Motor Chambers

The shells of the reaction motor chambers have been fabricated

from Types )0_ and 316 stain].e_s steel. These m_ter]als were se!_cted

because of t_.eir resistance to corrosive attack fro_, the highly oxi6ized

decom2osit_ on oroducts _-'. ,_._: they exhibit rel_tiv_]%: high o_re.,_t.,,__ _' ?_o-

perties at elew_ted temper;.,tures. Compatibility with hydrogen peroxi4e

w,_s not a prim:_ry consideration for the motors. The m_,terials used for

the motors h:-:ve good welding and brazing characteristics to permit easy

fabrication. The 500 pound reel:or is an investment costing of 316 stain-.

les:; steel.

7.5.10 Ritrogen Relief Valves

As in the c_se of the pressure reducers, the nitrogen relief

valves are fabricated from a]uminum _lloy because of the comparative

lightnDss and DiSh str_n_.n. These valves are not peroxide compatible.

7.5.11 Seats and Seals

The components employed in the nitrogen systems make use of

seals, "O"-rings and seats which are not hydrogen peroxide compatibl_,

while the components in the hydrogen pero.vid_ systems use either
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KEL-F_'itofi "A" or Teflon which are comp_tlble.,with l17,ch_ogea2ero;_ide..

In general, ,E_L-F is used in the peroxide valvlng bccause,,o'_,the,,pQssi-_

bility.-.,of,cold flow prdolems with Teflon even though_,Tefle_,h:_s bette_..
high ,te_,_per_tureproperties than IC_L-F.

FoT the nitrogen system, the AN 6920 series "0':',=ringsare

specified. In the peroxide system_ several different "O"-ring materials.

hnvo been used. _e first materia_ used extensively were Dew Coming

ComDound LS53 and ICEL-F. The L953 scals are still used for "0"-rings

in some of the valves. However_ most of the static seals in the sys-
tem have been converted from L$53 to Viton :'A" which is a _mch more
satisfactor.f static pressure seal.

_lere are several other instances where other seal arrange-

monte b_ve been used. The original seal design for the top of the per-
oxide tamhs vas a flat t_?e seal made of Teflon. This material was
found to be unsatisfactory because of its cold flow cb_racterisbics

which rcsulted in lea}use with time. This seal has been changcd to a
Viton "A" "O"-ring. _ho seal used in the 500 poland thrus5 motor be-

] ,tween thc cata_ys_ bed and the nozzle is a flexitallic type _hich _ill
endure the hic/l ten_e::atures experienced in the _otor.

7.5.-]_ Latching _._e Valve

U.he latcb_ing valve body- is 2024-T4 altm:in_n alloy and the

piston adjacent to the vent port is 303 stainless stec!. The piston

seat and stem are Teflon add 416 stainless steel, respectively. 0._e

venb portion of the valve l_s a 6061-T6 altuninum alloy body, Viton "A"
seals, and the other parts are 302 stainless steel. [he above _arts

as _._ellas the 2024-T4 exit port of the latching valve must demonstrate

little activity when in contact with 90 percent hydrogen peroxide.

7.5.13 lhrotta I,_ 100T _h_ust Reduction Valve

This valve used in the tkird stage thrust reduction system and

in conju_ction with the 14 pound motors is made from 6061 aluminum alloy.

ICEL-F and Viton "A" seals and seats are used where contact with hy6h-ogen
pe;'oxide occurs.

7.5.//_:. _er.. (3-1!0634) Bleed Valve

seals_.
The: Koehler bleed valve is 304 stainless stce_, using Viton "A"

7.5-15 Eoke Charging Valve

This nee¢lle valve has a metal to metal seat and the steam

"O"-ringseal is Teflon. _he valve body and stem are 316 stainless
steel_
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8.2

8.3

8,4

8.5

8.6

8.7

8.8

8.9

8.10

8.11

8.12

8.13

8,14

L llSO c]mted 2! October 19gO, "Dcsign_ Fabrication, Ground

Testing_ Lustlum_entation, Ar_semb]jf, Preparation for Imunch
ou_ _o As tr onaut iesof the Scout Eesearch Vehicle

l I "r', C:"_ " (_I -_ -_-' 4-304-3A d,':.'t;ed 3! October 1960, rroezu'c_n_: _,_ec..±.Lca_ionfor

Scout _esearch Vehicle: "h" Section Eeaction _ru:.v_ System_

}_rcl_IL'Oge]3. ]PeroxJ.c].e": Vot1_.;11t/Lstronat_bics

304-4A c%ted 3! Octobc:r !960_ "Procurement Specification for

Scout 1_esearch Vehicle_ "C" Section Rcacbion The'us, System_

Zb,C 'ogen " "Peroxide _ Vought Aztronazt; ics

N. S. Davis, Jr. and James C. McCormick_ "Desi8_ of Cata]jst

Packs for the ]_eomposition of l_clrogen Peroxide"_ ARS Paper

No_ 1246-60: Ju?_y 1960

Asher II. Sb=_plro_ _.. D_mmics and E_ermod_m_Ics o.c Com_

press:Lble Fluid Flow, Vol. i", The Rouald Press Corrz_any:New

York, 1953

I|A • -i.i , I1 _, •• ProDu]zlon , Vo! i!,:M. J Zuerow; mrcra_:b and }.tLssile

Jo}m Wiley & Sons: Inc., Ecw York; 19_8

_e:oo>[i(!e ;• Coi .el_..ated }_drdzen " _ " _.cceoBulletin }[0 46: " _ .I-_ ,

Chemical Division: Food _4uch//lery & C_emical Co., }[oVembc;."

1958

Bulletin Eo. 40, "Equipnent for Use With ._J._-S'brength I<vdro-

gen Peroxide": Becco Cner_ical Division: Food 1,hchinery S

Chemical Conpany, I,hrch-.April 1952

. Perox:,.de Decco_ulletin i_ 3: "Hic_%!Y Concentrated l_dro_en " ":

Chemical Division, Food 1.hehinery & Chemical COl.vpany:December

1947

Bulletin l,b. 104, ",'.'hterialsof Construction fo_ E,Tiipment

in Use With l_,drogen Peroxide", Becco ,r,_emicalDivision:

Food _.hchinery & Chemical Coz_any: October 1959

Bulletin No. 77, "Concentrated }_yda'ogenPeroxide as a Pro-

pc!lant"_ hecco Chemical Division_ Food lhchinery & Chemical
Company, _ril 1956

Bulletin lb. 107, "Hi_ Strength }_¢ch'ogenPeroxide _bnop.vo-

pellant and Di-Dropellant Perfor_._nce Data", Beeeo _]emical

Division, Food }_hchinel7 & 0hemleal Co_2any

"Concentrated I_202 Monopropellant and Bi-propellant Perfof

_mnce Ihta Plus Some Property lhta for YZ.quld and Vapor", Becco

C%emical Division: Food ]'.hclLinc:_" & _:emieal Com:_any, AuL_.st 19_8

:Peroxi_,e ;lhndbook, "Field lhn@Aing of Concentrated }_/@a_ogen " "

NAVfd_q 06-25-501 , 15 October 1958
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TABiZ I

c0_Amo:_!T_w_'A_qU.'gi
SECOND A_ THIRD ST/_G_S

SECOND STAGE

ComEonent

i. Fuel Storage Tank

2. Nitrogen Storage Tank

3. 500 Po_md Chamber and Valve

Assembly

4. (2) 20 Pound Chamber and
Valve Assemblies

5. (2) 40 Pound Roll Chamber
and Valve Asse_lies

6o Fuel Charging Valve

7. Valve Assembly, Pne_ztie

(3 way)

8. Overboard Chamber Assembly

9. Pressure Reducer and Filter

10. Relief Valve and Drain Assy.

ii. Nitrogen Relief Valve

12. Nitrogen Charging Valve and

Fitting

13. i/2 Inch Check Valve (Pneu-

matic System)

14. Koehler Hydrogen Peroxide
Bleed Valve

lo

2

4

2

2

1

i

1

1

i

1

1

1

1

_.__P_.n.LN_.t.....

3593L-0004

3593A-0004

3593R-00_3

3593M-ooo$

NASA 804731

or WK 3593-099

2169B-0023

3593H-001_

2169s-ooo4

3593-C-0002

3593B-0022

872798-0525

2169K-1762

2169F-0003

3-110634

Rev. A

6.20

12.40

62.00

2h.. 80

lz.9o

3.96

io06

2.10

0°25

2.09

0.66

0.25

o.75

0.47,

0.15

51 °60

7.92

2,10

0.25

2.09

0.66

0.25

0.75

0.4?

0.15

- continued -
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_HIPd] STAGE

Cor_onent

1. l_el Tank Assembly

2. Nitrogen Tank Asselfoly

3. 2,2 Po'm_d _,n_er and Valve

Assembly

4. 14 Pound _n_er and Valve

Asser_ly (L. H.)

5. 14 Pound Chamber _ndValve

Assembly (R.H.)

6. 40 Potmd _moer_" and Valve

Asselr;oly

7" _uel Charg:h_6 Valve

8. Pnem_mtic (3 Wa_) Valve Assy.

9- 0yetboard Cna_oer Asse_!y

10. Pressure Reducer and Filter

Assen_ly

Ii. Relief Valve and Drain Assy.

12. Nitrogen Relief Va]_e

13. lJ_ Inch Check Valve (_eu-

matic System)

14. 2 Pound Reducer and Filter

AsserE_ly 1

15. Koeh.ler }_drogen Peroxide
Bleed Valvc 1

16. l.hrobta Thrust Control Valve 2

2

2

2

2

2

4

1

1

1

1

1

1

1

Part No.

3593R-OOSh

3593X-.0004

3593X-0014

3593[_00%

3593D-0002

3593H-0004

2!69S-0004

2172E-0212

3593_-ooL2

87_798-o525

2172F-0002

2172R-0512

3-1-Io634

21o753

Ibs o

3.6o

4.40,

0.90

1.92

1.92

2.23

0.88

2.10

o.25

0.85

0.66

o.25

0.16

0.lO

0.25

0.80

Lbs.

7.20

8.80

1.8o

3.84

3 •84

4.46

0.88

2.i0

o.25

0.85

0.66

0.25

0.16

0.I0
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Re qui remer,t

Rocket Motor

Design Thrust Levels

}_nim_a

Total Impulse

Hydrogen Peroxide

Temperature at Inlet

go R__aetion ZO t.or

Nitrogen Pressurizing

.Gan._Temp__t,_rn :
_lominal Nitrogen

Storage Pressure

Power Requirements

for Thrust Control

Valves

Ambient Pressure for

Rocket Motor D_si_n

Regulated Nitrogen

Pressure

**Condition 1

**Condition 2

**Condition ].

**Condition 2

Established based

on tolerance per-

cent of 20_ motors

Condition 1

Condition 2

10_0:_duty_c__y_cle

Intermittenf
operation

Second StaKe.___

500 Lbo Motor

627 ± 57 lbso

596,7 • 87.7 lbso

Third S__&,g9.........

40 Lb_ Motor

44 ± 4,4 lbs°

20 Lb., Motor

22.8 ± 406 lbs.

21o_8_-. 5.5 lb °

40 Lbo Motor Retrofit

44 ± 8.8 ibs,

42 ± Iio0 lbso

25,.560 lb-sec,

2!,300 Ib-sec.

40 to 160°F

_0 to_l#'__O°F

3000_psSN

Coil Resistance -

28 ± 2 at 80°F;

Actuation Signal -

26 volts min.;

Drop-out Current -

_Q ma min_

Pressm'e at I00,000

ft, altitude

* 525 • l0 psig

(no flow I

14 Lbo Motor

14 ± 1,4 lbso

3 • io0 ibso

2 Lbo Motor

2.2 .i 0°44 lbso

_0 to 160°F

40 to 160°F

_].000, psig , ___

(Same as for second

stage)

7 x 10-3 in. Hgo Abs.

* 455 ± i0 psig

(no flow)

1 1 cps and 0.150 second signal duration

* Not origirmlly specified - established through system development

** Reference: Vought Astronautics Specification 304-3A
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HYDROGE_T PEROXIDE rm'......._ ,- -.L,_.a_LT,GCPAC l&_

Total Impulse - Lb-Soc. (lO0_ Duty

cycle)

Average 8peelfic I/.E)ulse (Ib_)

Required Weigb:t of Hydrogen

Peroxide - Lbs.

Actual Q_-Board Wei_rb of I_dvogen

Peroxidc - Lbs. (Includes Tankss

Ifm_es, etc.)

Actual Usable Weig]lt of Hydrogen

Peroxide - Ibs¢

Total Ir]pu!sc - Lb-Suc. (Intermit bent

Operation)

P_e(lulmed Specific Ir_Dulse to Uotain

Total Y_npulsc for Intermittent Opera-

tion- Sec.

Required }_y&cogcn Peroxide Storage
Volume - Cu. Z_. (Density of 86.9 ib/ft3)

Nominal Volume of }_drogen Peroxide

Tankagc - Cu. In.

Second S-ba_e _

25,56o

144

178

z85

182.0

21,300

ll7

5,0+0

4,000

__, _lird S-t,'_i{__

17.8

19.2

18.2

2,240

].2-3"

36k

400
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FIGURE 8

ACTUAl, THRUST NOZZLE DIMENSIONS

I_
dt

__k__

L

de

dt = Throat Diameter

At = Throat Area

de = Exit Diameter

_- = Half Angle

L = Nozzle Length = (de - dt )

2 TanOC

Stage

2nd

2nd

2nd

3rd

3rd

3rd

Nominal

Motor

Size

5oo#

Retrofit

4_ Roll

20# Roll

40# Pitch
and Yaw

-I14-3_2#

dt

(in)

At

(in 2)

1o437 1o622

o.373

0.290

0.076

0.].093

0.0661

0.1093

0.0314

0.00454

d e

(in)

3.56

1.]75

0.825

1.183

0.775

o°265

(dog)

25°

20°

20 °

20 °

L

(in)

2.276

i.i0

0.735

1.113

2.103

00273
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APPEI_IX

PJ{OP]I_21ES OY_O P]_]CE_.I'__IP/D]_OG]_TPE._,OXI_DI,,,.

Concentrated lkYOccogen peroxide has received a relatively wide

usage both as the oxidizer conrponent of bi-propellants and as a mono-

propellant° As a co_moquence, its properties, both physical and chemi-

cal., have been established and materials of co.us_ruction and procedures

of Imndling bare been described. ]%[lital_ Specification I,[IL-H-1600_C

amended, covers the procurement of hydrogen peroz-ide which is to be

used for military applications. Some of the physical properties of

90 percent hydrogen peroz-ide and its deco]_osition products are pre-
sented in the following tables:

Boiling Point (i atmosphere)

Density - liquid (77°F)

Electrical Conductivity (1 atmosphere)

F_-eezing Point (i aO_osphore)

}_at Capacity - Liquid (32 to 81°F)

I_at of Dec_position (77°F)

1_at of Vaporization (80.4°F)

},_leeular Wei_it (average)

Surface Tension (68°F)

Vapor Pressure (70°F)

(l_0°F)

Viscosity (77°F)

286. I°F

86.9 ib/cu, f._.

1.94 x 10"6 ol_ns/em.

II.3°F (Note: contracts ii_

in freezing)

o.6Co _TU/Ib. - %'

]1o8.6 _U/l_.

698 BTU/Ib.

3Z.2

79.3 Dynes/ore.

2.60 mm of Kg

36.3 mm of Hg

1.155 Centipoise

*Reference: Becco Bulletins listed in Section 8 of this report.
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___9j)ertlcs of 90 Percent_._____._Hvgh-o_:enPeroxide*

Physical Properties of Decomposition Produets

or _o _rcrcont t_:$cLe

Wt. _ of }_0 57.7

w_. _ of 0s 42.3

_b].eeu]_r Weight (average) 22.10

o_ 9.Jq_u/_ol. o_

O_ 7.48. BTU/moI., OF

o_/cv 1.2GG

I_drogen peroxide solutions of high purity are very stable.

The decomposition of hydrogen pel'oxide is a strongly exothermlc re-

action. Ln spite of this fact; the rate of decon_osition is very low

in the absence of catalysts. }_&l:ogen peroxide is remarkable for the

m_ber and variety of" decomposition catalysts and for the minute quan- •

titles re(iuired to give Large effects. Ii%ny, but not all, heavy metals

are active decor._osition catalysts. A//_1ost all varieties of dust and

dirt will catalyze the decomposition.of lkTclrogen peroxide. Hydrogen

peroxide solutions are generally more stable when acid and less stable

}rhea made al/<aline. Acids are, probably, the only known materials

which actually increase the stability of ikydrogen peroxide.

Stabilitz of Hvdl:9_,'en Peroxide at Various Te._er,_tures

........ (Reference: Beeco Bulletin 1"To.46)

Teg_q_era 5ures

3oo0 (86°F)

66o0 (_51°_)

_oooo(2me;)

_l°C (_85°;)

A_x. Rate of_o_!

1% per year

1% per week

Less than 2% per hour

Decompose rapidly with boiling

]_drogcn peroxide decomposition is an exot1_ermic reaction as follows:

_02 (1) -* _0 (1) + 1/20_ (g) + 23,_50 cal.

Upon complete deco_3osition, 1 liter of 90 percent hy&rogen peroxide

yields 589 grams of o:cygen gas nnd 801 grams of steam, t_der _di-

abatic conditions, the calculated temperature of these products is

750°C, and their calculabed voltune is 5000 liters at this temperature

and 1 atmosphere. 9]_Is system h_s obvious advantages as a po_¢er

source.

Concentrated hydrogen peroxide kus obtained a somewhut

exaggerated reputation for bein G hazardous. Lihe any nmterial of

high ener_ content, it requires care in _un_lling, but given this

care, it can be used in safety.
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Hydrogen peroxide so!utior_s a£d vapors are non-toxic. Both

arc irritating, ho_,rcver. %]}e vapor causes discomfort of the eyes and

nose. _e liquid at moderate concerti;ration causes whitening of the

skin and a more or less severe stinging sensation. ]{igh2.y concent-

rated hydrogen peroxide can cause blistering if left on skin surfaces

for any length of time. Contact with the }_aterial should be avoided,

but ilm]lediate flushing with water will prevent any reaction in case

accidental contact occurs.

]_yd1_ogen peroxide of high concentration can cause fire upon

contact with com}msl;_ble 2_Lterial. Solut;.ons stronger tlm_n about 65

percent can release cnoug/l energy to heat the decomposition products

to high temperature_ i.e., 750°C in the case of 90 percent hydrogen

peroxide, l_nibion of nearly f]a_mnable m:v_erial is then tO be ex-

pected. In case of' _pillage or any other emergency with concent-

rated hydrogen peroxicle, water is the best remedy. If used in time_

it will prevclrb any vigorou_J reaction, and it is also the best ex-

tinguishing agent for fires resulbing from spillage.

Apparenbly 3 it is impossible to obtain a propagating de-

tonation in pure 90 percent hyc]rogen peroxide. %he material ]_s

been subjected to mm_erous and varied tests and in no case has a

propagatJ_g detonation been observed.

Catalytic decomposition of hydrogen peroxide in a closed

contail]er _;_y cause pressure rupture of the vessel. Containers for

hydrogen peroxide shou].d always be vented in order to obviate this

poss ib ility.

The first and most important consideration Jn_ choosing or

designing equipment for H202 service is t½rt of materials selection.

It is essential that all parts of the apparatus which will be e>_osed

to the H202 be ::rideof sufficiently con!oatible _terials. k_tensive

tests have been made to determine which materials should be used.

_e decision as to the compatibility of a certain _terial Is usually

based on the following factors:

ii

of the H202.

The effect of the _mterial on the rate of decon_osition

2. The effect of the I_02 on the materials.

3. The possibility of forming detonable mirttu'es with II202.

In choosing metals to be used in contact with hydrogen per-

oxide, it is necessary be select only those which do not promote de-

composition and to avoid dissimilar metals because of the possibility

of electrolybic corrosion. The selection criteria for gaskets and

lubricants are different. }[ere, the prirm_ry attention is not so

much a matter of the materials' catalySic properbies, but rather

one of avoiding those _terials which are easily oxidlzed or which

may react to form sensitive explosive organic peroxides. Suitable

materials of this ki_Id are unfortu[_tely limited to the fluoro-

carbon polymers and polyebhylene.
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_e selection of materials which come in contact with hydrogen

peroxide decomposition produc-bs on the other hand is, comparatively

speaking, less strinzenb. IIere_ the m_in a'btcnbion is only one of de-

terloration resistance to oxidisationby molecular oxygen at the prevail-
lug temperature.

When deciding _.rhichmaterials should be used for a particular

item of equipmenb, the end use of the item must be a dominanb factor.

For example, a long-t_ne storage tank should be m_de of highly cor_rpatible

nnterial, whereas a valve in a one-shob rocket could be made of less

compatible m_berial. _b.tcrials h_ve been divided into fo1_ 6enerai

classifications O.epending on their end use; the table following lists

the materials which may be used in hych'ogen peroxide service.

Classification of _qaterials for Use With

...... __00Percent___n Peroxide

M_TEI]IAL TYI2ES USE CIA SSIFICATION

Metals l. 2. __3. 4.

Alum_a_um - 99_65'_pt_.e x x x
2S Alloy x x x
43 x x
52S x x

5_s x x
61S x x

638 x x

72S x x x

75s
105S x x
24S

13
40E

X

X

X

X

Cadmium

6_romlum

Copper
Lead

Iron or Carbon Steel

Nickel

Silver

Tantalum

Titanium

Zirconltun

300 Serics Stainless Steel
400 Scrics Stainless Steel

X

X

X X

X X

X X

X X

X

X

X

X

X

X

X

X

X
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Sealants

Polyet1_ylene

Teflon

KeI-F

Bung Sand N

Geon 8372

}_c&r

Koroseal

Neoprene

Nylon
Po] ysby_ene

Silicone Rubber

[hiokol

_b'ithcne

Tygon 28O7.
Vinylite

Veloform

Go.the Moulde Fabric

Garlock Packing 5681

_rlar A and B

Res is_ of].ex

x x x

x x x

x x x

x x

x x

x

x x x

x x

x x

x x x

x x

x x _-

x

x

x

x

x

Lubricants

Aroclors

Fluorolubes

Kel-Flo Pol_2er Oils

Perfluorolube Grease and Oils

Silicones

Paraftin Oils and Greases

I_ - HySmaulic F]mid

Ucon }_drolube b_

Sky&tel

Halocarbons

x x x

x x

x x x

x x

x

x

x

x

x

Note

Class 1 - i_terials are satisfactory for long periods of contact such

as in storage tanks and filled lines.

x

x

x

x

Class 2 - _hterials are satisfactory for short time contact prior to

storage or use. Useful for all applications except storsge.

Class 3 "' l,hterials are satisfactory for short time contact prior to
immediate use.

%

Class 4 - }_terlals are unsatisfactory. "
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USE CiASSIFICATIOI_

Sealants

Po] yet1_lene
Teflon

KeI-F

Bung Sand N

Geon 8372

!F._OL_l"

Koroseal

Neoprene

Nylon

Po]ystyrcne

Silicone }_ubbor

_hiol,'ol

Trith.ene

Tycon 2807.
Vinylite

Veloform

GabLe Moulde l_abric

Garlock l)ackiIIG 5_)i

_rlar A and B

Res is tof].ex

i. 2. 3_L.___JL"

X X X

X X X

X X X

X X

X X

x

X X X

X X

X X

X X X

X X

X X _-

X

X

X

X

X

X

X

X

L_ricants

Aroclors

Fluorolubes

Kel-Flo Pol_ler _lls

Perfluorolube Grease and Oils

Silicones

Paraftln Oils and Greases

}_ - Hydxaulic F]_id

Ucon }_drolube L%

SL-ydrol

Halocarbons

x x x

x x

x x x

x x

x

x

x

x

x

x

I'bte

Class I - I_terials are satisfactory for long periods of contact such

as in storage tanks and filled lines.

Class 2 - _hterials are satisfactory for short time contact prior to

storage or use. Useful for all applications except storage.

Class 3 "'lhterials are satisfactory for short time contact prior to
immediate use.

Class 4 - t_terials are unsatisfactory.

;_,


