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upon their arrival a t the rocket lab , the ~ests 
were seated in t he shop. t er an introc~c t ion -by t he 
a ttache in char ge of t he o~p , a Ie mi nu t e tal~ wa s 
delivered by eit he r :~. ohn Sloop or :.:r • .:ion i:>elln:.a.. . 
~n~ tal k wa s i llustr ated ~ a £rou~ of 7 charts . 

fter t he t alk tte bUests were take~ ~r~ough ce l ls 4 
and ;: and t hrough the c en trs.l i nstrume n t r oom. '..:'be 
were then t aken t~ a point in the fIe l d a t toe r ear 
of the l ab where a go od view of a r ocket in operat i on 
could be obta i ned . h one ~inute ta l~ br i ef ly desc~ib ing 
the operation of tpe part i cular rocke t was given just 
before tee r ocke t wa s f irec . The groups we r e st-c~ t he 
operation of either the 500 pound t hr us t hjdroge 
ide-a l coho l r ocke t i n cel l 4 or the 1000 pound ttrus t 
acid-aniline r ocket i n cell 2. Mr . John Diehl opera t ed 
the peroxide-a lcohol r ocke t and ~r . 3eorge Liru1e y operated 
t he ac i d - anil i ne r ocke t. All t he remainder of t he 
perso~el o~ the r ocket lab par t ic i pa ted i n tte show 
i n var ious wa ys. 
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ROCKET R t SfARCH 

J oh." SIDor or- DoYt Bell'Yt1a lL-
Talk Given in Shop 

. 
I 

The rocket engine is one of the s i mplest , _mos t 

compact and ~o.erful he~t engines dev i sed for propuls i on. J 

or exacple, th i s is a sect i or. of an exper kental I.ACA 

rocket engine , externally cool ed , that e i ves 500 pounds 

thrust which if travelling at 600 miles per hour , woul d 
oJ 

deve l op 800 hor sepower . In addi t i on to being powerful 

and compact , the rocket engine is the onl y one capable 

{ 
of op~rating completely i ndependent of t he ear th 's 

(-

atmosphere because i t carrie s it s own oxygen . 

An illustrat ion of a r ocket engi ne is shown by t h is 
F"g .1fj . 

chart. (CHART l) AThe propellants, tha t is , the oxidant 

and fuel, are pumped to the en~ine and injected , mixed , 

and burned in the combustion cha~ber . The hot 6ases 

are exp&nded through the nozz l e t~ give t hrus t . Also 

indicated on this chart are t he three main f ie l ds of 

~ACA research on rocke t engines : liquid prope llant s , 

co~ustion, and coo l~ng . The r e sear ch pro~rams in the se 

f i elds are integrated wi th those of the Air Force and 

the ~;avy . 

The first step i~ the ~rocess of finding better 

\ propellants is to make cocputa t ions on tt-e theoret i ca l 

per:or nce 0: 11 serie s of sui t~ble ~.a ter i 5.13 ~f li, 

P/q.1'f 
there re IIBny. This chart (CHART 2),1 shows ~everal 

promising propellant combinations. One performance 

cr1ter10n 1s specifIc _impulse which-18 -th~ -amount of t hrust 
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produced per pound cons~ption of propellants. e ... 
theoretical values of specific im?ulse have been placed 

on a co~parative bas is wi t h a pr opell ant combination 

used .at t he ·present tiEe : l i quid oxygen a nd alcohol. 

e ~ain in s?ec i f i c l~pulse r anges f rom l~ percent f or 

oxygen-hydrazine to 59 percent f or fluorl~e-h7dro6en . 

. 1 hese gains are significant because the ran~e of a ~ssile 

without drag i s proportional to t he square of the specific 

. 	 ~~ul3e . Toe range 1s snown i~ the xt col W!m• e 

increase i n r ange varies fro~ 20 percent for OX7~en ­

hydrazi~e t o 52. ge rcent for fluor ine - hydrogen . .r'or 

fli ght wit~in t~e ear t h ' s atmosphere, aerodynamic dr ag 

must be considered ana hence toe dens ity of the pr opell ants 

becomes i mportant . On an equal we i ght oasi3 , the fluor ine ­

hydr azine combi~a ti on woul d occupy one-fourth toe voluce 

of the fluor ine -hydr ogen comb i~ati on because hydrazine 
~ 	 

has a much greater dens i ty than hydr ogen . Ixygen­

l i th i~ ha s a tigh specific impulse and density but t he 

reacti ~n ~emperat~e , as shown by the third co l umn , 1s 

more tha r. twice that ~f oxygen- hydrazine and he nce woul d 

involve Ii ~ea ter cooling problem. :Iote tha t the r ocket 

ga s tenperatures var r o:n about 50 t o over 10 , 000 

de O"ees Fahrenheit . Some of t he se pro~ellants are 

thermally unstaole and r equire special handl i ng and in jection 

procedure s . It i s hence evident that prope l lant s can be 
... ~ 
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~ found that give a much greater range t han present- day 

propellants but their use cons i derab l y i ncreases t he 

problems of cool~ng and engi ne des ign . 

The computation of theoretica l performance , such a s 

shown by tti s chart , i s a laborious proce ss and t o f acili tate 

it the ~ACA has pre?ared ther modynamic char ts wh ich are 

to be published. Using thes~ charts a s t udy of prope l ­

lants invol ving only oxygen , hydrogen , and n itrogen has 

been completed. 

The second step in propellant research is the exper i mental 

evalua tion of promising propellant combina tions . Among 

the promising fuel s ar e hydr a z ine and bor on cumpound s 

and these are being experimentally inve s tiga t ed by t he 

_iACA in cooperation wi th t he Army and !~avy . Ii. theore tical 

and laboratory study of bydrazine ha s been comple ted a nd 

rocke t experime nts will fo l low. Two r uns have been made 

with d i borane as a fue l with hydrogen perox i de as t he 
•

oxidan t . The d l borane was supplied by t he Navy. Tbe 

resul ts of the se cond r un are shown by this chart 
- H9 -~O 

(CHART 3 . ) ,A During t he. r un t he t hrus t increa sed and t he 

flow rates , ini t i ally h i gh , set tled t o a f a irly cons tant 

value . The spec i fic impuls e increa sed during the r un 

and r eached a maxi mum of 200 pound- seconds per pound 

\ which is about 31 perce~t of t he theore ti cal value . Even 

higher performance can be obtai ned at other mix ture r atio s 
..' 

/0 3 
 



- 4 ­


,. 

.. and t hese condit i ons are to be i nvesti gated • 

o Our combus t ion r esearch 1s direc ted t owards i ncreas ­

ing combust ion efficiency and ae crea s i~g comoustlon 

volume. ~ne ~i r s t step i n t h is inves t1~ation has been 

.. phot ogra phic stud i es of inj e ctio~ , mixing , and burning 


of gasoline and liquid oxygen i n a two-d iffiensional, 


trans~arent rocket ·eng i ne . Y Oti wi ll see t his engine 


later. At pr esen t pho t ogra?hs are ta~en at speeds up to 

A 

, 2500 fr ame s per secone bu t l ater photo:raphs may be taken 
." 

.. up t o s peeds o frames per· second wI til a s pecial, 

NACA ca~era. Pho tographs t ake n t his far indicate a cyc ling 

1n t he co~bustlon proc e ss which can a f f ec t combustion 

efficiency and cause engine vibr a tions . 'I-he next chart 
Hfo 8' t 

(~HART 4) 11 shows a sequ.ence of photo6I'aphs cove ring s uch 

a c yc Ie. 'Ihe y we re taken a t a ra tf3 of 1300 !'rame s per 

second from wt i ch the cyc le was f ound t o be 240 t imes 

per second . ~r.e i n ject i on stre a~s can be seer. in t he 
~ u, per end of t he coribus tion chamber (the en~ine wa~ mounted 

on an angle) . ~~o te t he growth of t he 1 nous c ocbus tion 

or- t he fir st four f r ames . In t he fif th a br eak appe~ s 

, 
In t he l~inous zone a~~ t h is break i s complete i n the 

sixth . I n the 7th the downstream l uminous zone has been 

exhausted and a ~ew cycle begins a s i ndica ted b] the las t 
.; 

f r ace . uork i s cont ~nuln~ to ~et a f ur ther insl~t into 
'1 

th i s phenomenon , and ' t o more ex t ens i ve l y s tud] t~e various 
'J. 
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co~ustion precesses . 

You saw, fro~ a previous chart, that rocket gas 

te~peratures are ve~] hi~ - fro~ 50JO to over 10,000 r 
. 

ae;:rees : 'ahrent.eit. :hese r.i;rh te:::perat"...U'es crea t e a 

.. criti.cal cool~n;:, protlec.'" n prom.!.sin € met~oa of n:e,=ting 
 

this problen: is internal - film or boundary- layer coo l i ng 
 

where a coolant fil~ is ~aihtained o~ the inner sur~aces 
 

o~ the engine to shield the walls fro~ the hot gases . 
 

The next chart (CE;~T 5) ~~h~;S equipment used to s t udy 
 

internal-fil~ cooling of nozzles . A 1000 pound thrust 
 

engine was used wi th a co~per nozzle , a thl~-wall nozz le, 
 

and several cooling rings placed between coooust i on cha~ber 
 

and nozzle. The first was a~ uncooled ring ; the second, 
 

a ring of water jets directed alon3 the ~ozzle wall ; t~e 
 

tcird, a porous me t al r in i t~ wa ter seeping through i t j 
 

the fourth , a rin~ for radial injection of wate r awa­

fro~ thr wall for a contr ol cooparison . The curves show 
 

.( 	 t he effect of wa t er on heat abso~bed by tte copper no zzle 
 

and on spec if ic pul se . ~ith e i c~er the jets or po~ous 
 

ring t~e teat absorption ~as cut i n half ~lth a water 
 

flow rate of about ~ percent o~ t he propellant flow rate . 
 

~en an 8 percect ra ~e of Tater was ~l~ected away ~rom 
 

the wall the heat absorption was about t~e sa~e as for 
 
\ uncooled runs so tG r ....ct1 o r" as cau::. ed 0"• 
 effec :17e cool~n "------.; __ "et...__~x;,~r~~e~_ts _':Jth 

-
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~ 	 tc-e thin-~all nozzle s~ow6d t~at; the POI' all gave 
 

a better ~~str i~ut :on of coolant t~an t~5 ~ets ell: ~or 
 

the c ond i t ions use~ bot:: r:et!"~o~s f&i:ed t~ 5 tabillze 
 

wal l te~peratures :n the ros~ sr.d c : 7er€er. t s ections. 
 

r.ddltlonal cool :n~ 15 needed 1 ose re ,;ions . Sf-ec 1f ie 
 

' ~pulse ~GS reducet abou t in the s a=e ~ro~or t : s t he 
 

a=ount of water t o a~ount of pr ope llant~ 
 

~ ent leEe n , i n & few ~lnute s u ~1 1 1 see so~e of 

our research faci li ties snd witne ss the opera tion of a 
r· 

r ocke '" er: z:' ne. ..." ty ;> lca r ocket set-u~ , SUCh a s yo' III 

~.- -m (! 1 nj.:.. ~3 . d 
se~ , is s~own b1 tGls ~Lart ( I..'cr_-: • • /1 _ !'..I'US t; l. S r:.easure 

by =o~nt :n s t~e en€i ne on a rr~va~le 9latfor~ so t t8t; 

the thr 1,.;. s t act s bar s ;>r:n~ equ:'ppe1 with s t r&!n 

-ages . ro ~e!l -'lo~ rate s are ~easured 07 co~t lnuous ly 

ei ~hin7 the tan~s wit~ a oar sprl~g and str& l~ gage s. 

"omcustion pre ssures are ffiea sllred b y g&ge s a:1Q t e ::-:pera tures, 
by ther=ocou~les. 

~ 

\r.lI' ~a,c ill t y layout is sho1r.l b y t el i s chart (CHnR'l' '). n~. ~'t 

:;"\"' ere are 4 test ce lls , c'Jntr ol r oo:::s , service roo~s , 

a~d & central :n~ tr~~e nt rco~. Your inspe c t i on tour is 

nd i c& te " OlA wI l l se e first a 5 :'0 ;>ou~d thri.:.st e:1 3: 1 :-.e 

usee f or prope llant resear ch ; no te its s~ si ze . I t 

is the en ~ine yo~ w~l l see oper ate. 'e l l;:' vou ,,11 

... see the transparent rocAet e~[lr.e ~reviously mentioned • 
l' 

---""11"""0-u will- next see tr_e central instramel1t-;'Jul:l which contains 

" 
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•
• 	 the instr nts for all 4 test cella. All instruments 

1n this roo~ can be made availa~le to any of the ·4 test 

~cella by a flip of a mastel" awitch . af ter the instrument 

room you wi l l walk to the l ocation ind i cated where 7 0 U 

w1 l l see the rocket engine operate . Please do not smoke 

until you reach this spot. 

ow . gentlemen. if you will fol l ow the gu i de in the 

back of the r oom, we .ill proceed . 
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SCOPE OF PRESENT ROCKET RESEARCH 


,PROPELLANTS COMBUSTION COOLING 

'P··..."'"ETICAL AND EXPERIMENTAL ATOMIZATION EACTION NTERNAL-FILM COOLING 

ATiON OF PERFORMANCE AND MIXING RATES 

PERFORMANCE 

FORWARD THRUST 

MASS SPECIFIC IMPULSE = MASS FLOW RATE OF PROPELLANTS 

FORWARD THRUST 
VOLUME SPECIFIC IMPULSE = VOLUME FLOW RATE OF PROPELLANTS 

I, I 

c. 19877 
10·2.. 47 

,~__________________________~Fl1~ ~ 
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HIGH PERFORMANCE PROPELLANT RESEARCH 


SPECIFIC IMPULSE RANGE TEMPERATURE 
LIQUID COMPARATIVE RATING COMPARATIVE RATING 1000° FAHRENHEIT 

PROPELLANTS 1.0 1.2 1.4 1.6 1.0 
FLUORINE AND 

HYDROGEN 

OXYGEN AND 
HYDROGEN 

OXYGEN AND 
LITHIUM 

FLUORINE AND 
HYDRAZINE 

OXYGEN AND 
DIBORANE 

OXYGEN AND 
HYDRAZINE 

OXYGEN AND 
ETHYL ALCOHO 

1.5 2.0 

• 

2.5 0 2 4 6 8 10 12 14 

c· 19746 
10·9·47 
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EXPERIMENTAL RESULTS WITH DIBORANE 
100 POUND THRUST ENGINE 

200 

160 t ~ INSTANTANEOUS EXPERIMENTAL 
SPECIFIC IMPULSE LB-SEC/LB

120 

80 

40 

0­ - -- ­ l 70 
60.60 THRUST, LB 
50 	 m 

..J 
.50 

40 •.40 I ­

30 	~ .30 ~TOTAL PROPELLANT FLOW, 
20 ~ .20 LB/SEC 

.. 10.10 
,O· • • • • • • • • • • • , 0 

0 1 2 3 4 5 6 7 8 9 10 11 12 


TIME. SEC 
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EXPERIMENTAL ENGINE FOR NOZZLE FILM COOLING 
 
W 
C/) 

~ ee . (THEORETICAL = 220) 
~ ~180 
-0 
OWB--­ _C/)~~-- LLch170 
O.-J-,j W 
a...

A c C/) 160 ' . • . . 

0- 80 
r-0 
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0' 60-=>G 
r-t-
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Ww 40 
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« N 20' · • . •
wO 0:::r:::z 2 4 6 8 

H WATER FLOW 
~ ,: 0/0 PROPEL't_ANT FLOWE 

C·19866 
lO·U·47 
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TYPICAL ROCKET EXPERIMENTAL SETUP 
 
PRESSURIZING GAS 

FUEL FLOW 
RATE MEASUREMENT 

PRESSURE 
 
MEASUREMENT 
 

INJECTION 
 
PLATE


REGULATOR 

OXIDANT FLOW 
 
RATE MEASUREMENT 
 

TEMPERATURE 
 
MEASUREMENT 
 

THRUST MEASUREMENT 
PLATFORM 

OXfOANT 

( • 
C·19883 
10·24·47 
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ROCKET RESEARCH FACILITIES 
 
OBSERVATION CONTROL 
 

POINT INSTRUMENT ROOM 
 

--.--------------------------~--I 
I 

SERVICE CONTROL I CONTROL SERVICE 
ROOM ROOM ROOM ROOM 

____ '> ( ,I I \ / _____< ; _______ < 7~--, 

I " " 

TEST CELL 4 TEST CELL 3 : EARTHEN TEST CELL 2 TEST CELL 1 
PROPELLANT EVALUATION COOLING PROPELLANT EVALUATIONCOMBUSTION 6 MOUND 

il J 

c· 19882 
10·2.·.7 
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,.; Talk Given in ~ield Just rlefore Firing 

rentlemen , the r ocke t engi ne t ha t you will see 
 

operate in a f ew moments gi ves 5 JO pounds thrust ~d is 
 

the same 

.... 
to you • 

alcoho l . 

decompo se 

run. The 

• 
catalys t 

e~9rge as 

. 
size a s this sec tioned engine previously shown 

e propellants are bydrogen peroxide and ~ethyl 

catalyst , sod i um permanganate , is used t o 
 

t he hydrogen per oxide at t he start of tne 
 

sequence of oper ati on i s as f ollows . First, 
 

i njec t i on is star ted and you will see it 

a purple liqui d a t the begi~ing of t he r un . 

Second , the hydrogen p~roxide is injected and it ,is 

de com~o sed by ~e cata l yst into oxygen and wa ter va~or. 

Thi rd, t he me thyl alcohol i s ac~t ted and combus tion 

s tar ts . The combus tion pre ssure Is ~ pounds per square 

Inch . During the run note t he s~ock pa tterns in t he 

exhaus t stream. 

-< 

.; 

Prepar ati ons f or the zun have been c om~leted and If 

you wIll look at the ena cel l , you wIl l see the run start 

fi f t een seconds a f ter the s tar t of t he safe t y siren • 

.. 
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	fr ace. uork is cont~nuln~ to ~et a f urther insl~t into 
	this phenomenon, and 'to more ext ensively stud] t~e various 
	-5 ­.
	co~ustion precesses. 
	You saw, fro~ a previous chart, that rocket gas te~peratures are ve~] hi~ -fro~ 50JO to over 10,000 ae;:rees :'ahrent.eit. :hese r.i;rh te:::perat"...U'es create a 
	.. criti.cal cool~n;:, protlec.'" n prom.!.sin€ met~oa of n:e,=ting . this problen: is internal-film or boundary-layer cool i ng . fil~ is ~aihtained o~ the inner sur~aces . o~ the engine to shield the walls fro~ the hot gases . . The next chart (CE;~T 5)~~h~;S equipment used to s t udy . internal-fil~ cooling of nozzles . A 1000 pound thrust . engine was used wi th a co~per nozzle , a thl~-wall nozzle, . cha~ber . and nozzle. The first was a~ uncooled ring; the second, . a ring of water jets directed alon3
	where a coolant 
	and several cooling rings placed between coooustion 
	the fourth , a 

	.( . the effect of water on heat abso~bed by tte copper nozzle . ~ith eic~er the jets or po~ous . t~e teat absorption ~as cut in half ~lth a water . ~ percent o~ the propellant flow rate. . 
	and on specific pul se . 
	ring 
	flow rate of about 

	~en an 8 percect ra~e of Tater was ~l~ected away ~rom . t~e sa~e as for . uncooled runs so tG r ....ct1 o r" as 0"
	the wall the heat absorption was about 
	\ 
	cau::.ed 

	• .
	effec:17e cool~n 
	-6 ­.
	~ . tc-e thin-~all nozzle s~ow6d t~at; the POI' all gave . a better ~~stri~ut:on of coolant t~an t~5 ~ets ell: ~or . the condi t ions use~ bot:: r:et!"~o~s f&i:ed t~ 5 tabillze . wall te~peratures :n the ros~ sr.d c: 7er€er. t sections. . r.ddltlonal cool:n~ 15 needed 1 ose re,;ions . Sf-ec1f ie . '~pulse ~GS reducet about in the sa=e ~ro~ort : s the . a=ount of water t o a~ount of propellant~ . 
	~entleEen, in & few ~lnutes u ~1 1 1 see so~e of our research facilities snd witness the operation of a 
	rocke'" er:z:'ne. ..." ty;>lca rocket set-u~, SUCh as yo' III 
	-m (! 1 nj.:..~3 . d 
	~.-

	se~ , is s~own b1 tGls ~Lart ( I..'cr_-: • • /1 _!'..I'US t; l. S r:.easure by =o~nt:ns t~e en€i ne on a rr~va~le 9latfor~ so t t8t; the thr1,.;. s t acts bar s;>r:n~ equ:'ppe1 with s t r&!n ro~e!l -'lo~ rates are ~easured 07 co~tlnuously 
	-ages. 

	ei~hin7 the tan~s wit~ a oar sprl~g and str&l~ gage s. "omcustion pressures are ffieasllred by g&ges a:1Q te::-:peratures
	by ther=ocou~les. 
	\r.lI' ~a,c illty layout is sho1r.l by t el i s chart (CHnR'l' '). n~.~'t are 4 test cells, c'Jntrol roo:::s, service roo~s, a~d & central :n~tr~~ent rco~. Your inspect i on tour is 
	:;"\"'ere 

	" OlA wIl l see first a 5:'0 ;>ou~d e:13: 1:-.e usee for propellant research; note its s~ size. It en~ine yo~ w~ll see oper ate. 'ell;:' vou ,,11 
	ndi c&te 
	thri.:.st 
	is the 

	see the transparent rocAet e~[lr.e ~reviously mentioned• 
	---""11"""0-u will-next see tr_e central instramel1t-;'Jul:l which contains 
	" . 
	7 . 
	• . the instr nts for all 4 test cella. All instruments roo~ can be made availa~le to any of the ·4 test 
	1n this 

	cella by a flip of a mastel" awitch. after the instrument room you will walk to the location indicated where 70U w1l l see the rocket engine operate. Please do not smoke until you reach this spot. 
	ow. gentlemen. if you will foll ow the guide in the back of the r oom, we .ill proceed. 
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	a purple liquid at the 
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