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THE TEST I NC OF LIQI? i i )  PU l~l ROCKET ENC 1. NE

Fan Shun l a

one Vt’ rv impor t  ant phase of t he research and deve I opmen t of a rt:ike t

eng Inc is e’St lug, w h i c h  Is a lao one of the methods to  eva lua te  the

produc t  q u a l i t y  • As rocket  eng Inc test ing is an (two I ved and comp 1 ex

• p rocedure , t h I s  a r t i c l e  w i l l  o n ly  In t roduc e  the general  concepts ot

t es t  I ng method s and the fac  I l i t  les of a I (quid fue l rocke t  engine  tes t  lug

s ta t  t on.

I t is we! I known tha t rocke t eng ines have found Increasingly Wide

app ! t e a t  tons in powered f t  ight s they serve as power sy s tems ol  var lot is

tYpes of  m i l l  t a  rv  missi 1 es ;In i l  rock ets , and In civil  tan appl ica t  ions , t h ey

powe r space shi ps and e a r t h  s•t t e i l  it e  c a r r i e r s . When you see a s t a l l e d

a u t o m o b i l e  on he h ighwa y , von migh t  wonder i f  rocket eng ine mal f u n c t  ion

can f a i l  a m i s s i l e  on It s  way to an enemy t arge t  or a launched s a t e l l i t e .

is  is  indeed p o s s ib l e .  In order to preven t such f a i l  t ire , re I tab Ic

hi gh quality engines art’ needed as the power dcv i cc’ • To ensure the

eng ine ’ s q u a l i ty , thorough and rigorous tests and eva 1 ua t ions are car r t ed

out In the  development  and p roduc t ion  stages.

WIlY THE TESTS ?

A rocket engine  is  a c om p l i c a t e d  heat engine w i t h  many in t e r r e l a t e d

parameters. it Is  t’x cet ’d ( n g l v  d i f f i c u l t  to  guarantee high performance and

re I tab I&~ operat Ion based on thenret teal cal cul at Ions alone , henre the

nume rous and repea ted test ings . ()urtng the tests , eng ine charac tt’rist Ics
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are sought and used in adjustments and further improvements of the engine ’s

performance. Engine parts , workmanship, and operation consistency are

clo8ely scrut inized and the accuracy of design theory is checked . It is

essential to go through a sequence of tests before a rocket engine is put

to use.

Tests performed on an unignited rocket engine is generally referred

to as the “cold run.” “Hot run” then refers to the tests with propellant

introduced into the generator or propulsion chamber and ignited. Based

on cold tests, the hot run obtains engine characteristics parameters and

rellabil:ity data tinder conditions close to the actual operating situation .

Because of the elaborate facility required and the high costs, hot tests

are usually performed to supplement cold runs or in over—all evaluations .

The hot tests under stationary conditions of liquid fuel engines will be

discussed below .

TEST CONTENTS AND METHODS

Liquid fuel engine stationary state hot tests are performed with

the engine fixed on the testing frame which supplies the propellant needed

in ignition tests and also collects operating parameters. Generally

speaking, rocket engines go through three different types of tests before

use: research tests , calibration and specification tests, and production

tests.

Research tests are basically scientific in nature and cover a

wide variety of items . Through repeated tests of components and the

entire engine, information on the proper choices of design parameters,

main characteristics , operation consistency and possible defects are

obtained. Research tests also include simulation tests under certain
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pr eset  co n d i ti o n s  such is h i  gh tempt ’ rature , how temperature , vi bra t Ion ,

OVe’ r load , humid I t v and r a I n , .mth v acuum.

Aeflustm ent and c a l  ft rat ion runs are made on eng ines of new or

mod ( I  ted desi gn.  F i r s t ,  t h e  pe’rformanet’ p arameters  are ’ a d j u s t  e’d to

isg ret ’ w I t h th e’ echn t e a l  rt ’qu I rt ’me ’n t a set I’ v t he’ desi gn • anti then , t he’

e’ng Inc i s  mounted on t tee rocke’ t and coord (na t cal wit Ii the’ st ipp I y SYs te m

and contro l sva em t ind e t a a at  I ou.i rv  s t a t e ’ . The’ ch a l l e n g e ’ of f high

t e a t s  conies next  . I t .e I I  t lit ’ de~ I gn re~q et I re ’me’n t a a re’ f l u ’  t in  t he ’ above

eat  a , t he ’ ap~’c I f I cat  I on ot  t h e ’ eng ( t i e’  w i l l  be established. ‘l ie is

Inc Itides des i gn h i  ue ’p r t n t  ~ • pei form.tnee• p arame ’ t c ra • mat ni f a c t  tiring p t-0c ’ ases

. in t i  raw mat erial }eoIce ’.’~. A t  t e E  ca t  . i h l  ishing the  spec i f t e ’at ion , h a t c h

produc t ton w i l l  he’g[n.

For hate ii p roeliec ci i  e~iug I ne’s , es is will he’ car r led out on c ompone’n t ~

anti whole  engines  fo r manu f .ec  t ur  I n~ q u a l i t y .  Si LIC e’ most rocket eng I fle’s

are des ignt’eI for  ou t ’ t inn’ use ’ on ! v , such t es t s  are usual  lv  sanip 1 e checks .

• Spot checks are’ made a c cor d i n g  to the’ de term in ed  spec if (ca t  Ions  and

a t  towed to  he’rances ten such fundamental f a c t  or s  as thrust • flow ra te’,

pres sur e m d  working t I me’. if samples are wit ii In spec ( f t  e’a C ions , t h e

en t ire hatch is cons ide red sat is f a c t  orv , o t her w i s e  • the  number ot  sample ’s

Is allowed to doub le’ and the’ ha tch  is at Il l cons idered  sat I a t a c t  o rv  I t

daub led sample’ teats a re’ wi th in spec I t i e’a t tons • If not  , t he’ ent  ire

hatch is r (’lt’cteei .

TEST STAT I ON P M I  I , lT i  KS

Rocket engine test  tng facu lt y varies C rom relativel y simp le’ to

elabo rate 1 y compl ex , the’ I at t e’ r bet ng the’ case’ f ar  l ar g t ’ l i q u i d  I ti e’ I

ro~’k et engines . Ilur I ug the t e s t  , the eng tnt ’ de’ hi ves rs ~eihs tan t I a I t h ru s t
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(Fi gure 1) or yen teal ! v as in Figure’ 2, or i n c l i n e d .  The’ t e ’st  Ing room

can also be’ of the open I vpe or th e’ closed type . ‘l’he open t yp e’ t e s t  lug

Fi g. 1, Horizontal ‘rest ing S ta t ion

Key: 1— Control Booth 2— Thrust Frame .1— &agine ~.— Waste’ Water Pool

~e— R e f l e c t ion Wall
V _ _
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h ” ( g . 2 .  \‘t ’rt  t e a l  Testing Stati on

room has t h e ’ frame’—meunted engine with in a bei l i d tug  w i t  Ii one to th ree’

open sides; and the c l t ’se’d type has i t  in  an ene’ 1 OSOu I b et t i d i n g  w i t  ta

sound a b s o r b i n g  and f t  rat—at e! equ tpme’nts . The at r u c t u r e  ~ t a t est  log

St a t  101) is  u le t e rtn t n t ’d m a i n l y  by the s i :~e and use’ of the engine ’ ttnde’t’

eat  ; general ly speak i rig , open a t ru e ture ’ and vert ( c a l  f rame mount lug shou ld

he used for med turn to large at it’ engInes , ant! a c I osed t y p e’ a t rue I t iF e’ w i t  Ii

hor izonta . !  mount is appropriate ’ for small eugine~s. Now let us ex am ine

two examples:

Suppose the thrust does not t’xcet’d f I v e tons , the t e’St sta t ion can adep t

the cenf igu rat ton shown In F i g .  I . W I i i i  t h e ” e’ng In c mounted leer izotata liv

on the thrust t e s t  f rame , storage tanks  of the  propt ’ 1 lant avst eni and

control and monitoring f a t ’ l i l t I~’s can he’ a l o n g  the’ sides or in the’ re’at’

‘ --V 

~~ VA
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where they are separated from the engine liv explosion proof t’onerete walls.

A re’fleetlon wall e’Sn he installed In the direc t ion of the  flame .

I f  thee th rus t  Is more than a few t ens  or one hundred tons , the

vertical type of FIg. 2 should be used . In t h i s  arrangement , the dange r

of explosion due to accumulated fue l is low. As a sa fe ty  precaut ion ,

the various components in the testing station shou ld he kept apart from

each o t h e r .  The s u p p ly  system storage’ tanks of propellan t should stand

alone in the building and the control and observation room should he

the farthest away from the test frame . To prevent s t r u c t u r a l damage

due to the exhaust flame , the” station should have an eng ine moun ti ng

f rame of adequate ’ hei ght or be built on a b i ll of steep slope . An

exhaust deflector should he i n s t a l l e d  and water sprayed to the center

of the flame for cool lug and noise reduction . This type of station should

he away from residential areas .

3. Safe ty considerations

it ) th e process of rocket tes t ing,  acciden ts may occu r in the

handl Ing of dangerous propellant and in controlling the combustion at

hi gh t emperature  and pressure; therefore s t r ic t  s a f e ty  regulat ions  must

he obse rved in the construc t ion and operat ion of test ing s tat ions . For

t lae s ta t ion lay—out , there should be adequate safe ty  distances between

the testing frame , propellant storage tanks , control room and the main

warehouse s t ructure .  Bui lding s t r u c t u r e  should he explosion and f i re-

p roof and personne l should be wi th in  protected rooms . Whenever possible,

contro l and observation should he operated remotely and data recorded

au tomat ica l ly .  S u f f i c i e n t  f i r e  f i gh t i ng  and wa rning systems should he’

instal led and c omplete safe ty  equipments provided for the testing

personnel. Sa fe ty  ru les mu st be established in the organiz.’it ion and
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enforced wi t h r i gor.  In addition , industrial waste water treatment

should also he’ taken Into consideration .

CHECKS DURINC ‘rESTS

The performance parame ters generally measured in rocket test log

inc l ude thrust , flow ra te , pre ssure and operation t ime , f rom which  such

quan tities as thrust rat O and mixture ratio are determined after data

reduct ion . Measurements can he done either directly or indirectl y . Some

data are taken using commo n equi pment and method ; o ther  measurements ,

specifically pertaining to rocket engine testing, must lee” conducted

using spec ial i n s t rumen t s.  Thee equi pment and technique for  measur in g

th ree of the important parameters are now described below .

Thrus t Measurement: This device continuously records the  thrus t

developed by the engine which is transmitted through :u movable frame to

the gauge . Frequen tly used gauges are hydrol ic gauge , spring force gauge ’

and resis tance wire type gauge . The piston in a cylinder converts thrust

to pressure in the hydrolic force gauge , as shown in Fi g. 3. A e’a l ih er . i ~ l ot)

device is needed to verif y the scale (such as 100 Kg, I ton , 2 tons, d c ’ . )

of the thrus t gauge , or to bring the accuracy w i t h  the spec’ l i t  eat ion

before teats begin.

Fig .  3. H vdrol ie  Pressure Gauge

Key : i— 01.1 Reservoir 2— Piston 3— Thrus t 4— oil Tank 5— Pressure
Gauge

--
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The accuracy of tests relies on the accuracy of calibration devices.

As an example , we often use a micrometer in the shop to check whether the

dimensions of a machined piece are in agreement with the drawing . The

micrometer is more accurate than a ruler or a calliper; however, there

are always two sides to everything, and for various reasons the micrometer

has its error too. To ensure the accuracy of the micrometer , it must be

calibrated against some still more accurate device . By using calibration

devices of various degrees of higher accuracY , thee micrometer accuracy is

improved and its measurements would reflect realit” more closely. For

the same token, high accuracy calibration devices are needed to improve

the rocket engine parameter measurements.

Flow Measurement: This measurement ascertains the propellant

consumption within unit time during the engine test. In this method , a

throttle (such as perforated plate , nozzle or Venturi tube) is installed

in the pipe where flow rate is to be determined . Turbo—flow gauge or

other types of flow gauge can also be used . The simple difference pressure

gauge of the perforated plate type is shown in Fig. 4. In this arrangement ,

the increased flow speed due to the restricted cross area near the throttle

_ _ _ _  

V

- *14V 4~

I

Fig. 4. Flow rate gauge of the perforated plate type

Key : 1— Throttle 2— Flow Speed 3— Difference Pressure Converter
4— Flow Rate Gauge of Recorder
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results in a pressure difference before and ~iiter the throttle . Since

the flow rate is proportional to the square root of the pressure difference ,

the rate of fluid flow through the throttle can thus be determined by

merely measuring the pressure difference and performing a conversion

calculation.

Pressure Measurement : The working pressure of the main components

of the engine during a hot run is measured . These pressures are closely

linked to the engine performance. Commonly used pressure transducers

have the following different types: spring, induction , potentiometer ,

capacitor , and strain resistance. What is a pressure transducer? Simply

put, a pressure transducer is an element which changes pressure, a non—

electrical quantity, to an electrical quantity. For example , the strain

resistance type pressure transducer converts variations in pressure to

corresponding variations in resistance, which in turn is converted to

a voltage signal through the action of a bridge circuit. The output

voltage signal then drives meters or recorders to indicate pressure data.

Additional parameters such as temperature , stress, vibration and

combustion~as composition will not be discussed here.

In recent years, with new or more demanding challenges arising

from rapidly progessing rocket technology, testing techniques and equip—

merits have been going through continuous innovation and improvement. We

should broadly investigate the rocke t engine testing techniques in depth ,

and in the meantime , establish sensible guidelines for testing projects to

reduce the number of tests and improve reliability . Let us build up our

testing grounds and organizations to carry Out the task economically and V
efficiently .

Figures by Li Chia

_  
_ _ _ _ _ __ _  J ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V .-- ___________
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