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.. 
CalculatioDs i ndicate that ranges on the order ot 2000 to .woo 

c4 alles may be obtained with r am-jet powered aircratt at tlight h 
# 

DlDIlbers between 2 and 4. ·However, in order to obtain such l ong r anges, 

'4 

• 
 
# 	 the ram jet must be operated at high combustion etfici ency and good 
 

1nlet pressure recovery. Investigati ons ot co~ustion problems have 

-1 

been conducted in fl ight at s~bson1c speeds here at this l aboratGr7 

' . 	 bY means of a rec tangul ar r am j et i nstalled i n a wine; which is 

mounted beneath the P-61 airplane and a 2O-1nch ' circ~lar ram jet 

extended below t he B-29. The wing r~ jet (has been) will be 
-f. 

iemonstrated to you duri ng the tly-by of the P- 6l (later) and the 

.. . 2O-inch ram ' jet • . hl ch was mounted on the B-29 is standing on aDd here. 


On this ens ine and t he wing ram jet on the P-61, measurements have 


.., , 	 been made of the combustion efficiency , .blowout l 1m1ts, aDd 19D1tion 
. . 11m1ts over a range of altitudes from sea level to 30,000 teet, and 

combustion-chamber vel ocities fram 60 to ISO teet per second. Vari ous 

'Jpes of burners have been investigated in order to det~ the• 
 

ettect ot burner design OD combustion effi ciency and combustion limits. 
 

Several of the burners investi-gated by the tllght groap and bJ other 
 

groups of the laborator" are capable ot barDing over wide ranges ot 
 
.. tuel-air ratios and ca.bustion chamber velocities with reasonably
-. .

11&h cc.bustion etflclency. BoweYer .. there Is still reca for 

conaiderable lmprovasen\ ·in ca.bustlao ettlcleDC7, particularly tor 
,,", r _ 	 Jet.haYing abort co: stion Cha.ber Ie and high ca.bulltlon 

t.er velocities ~ • mP8reon1"C -tJp­



.. 
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In order to extend the combus tion study to supersonic speeds 
 

_04 to investigate other probl ems associated 81th the supersonic rac­

jet engine such as diffuser efficiency , fuel control, and engine . 
 
I 

external drag, tests are being made in free fli ght of a series of super­
" 	 ~ See.FI9IJyes to tI"~ '1/ 

sonic ram jets s1m1lar to the one. to your left.!' The promising .I 

'. perf ormance possibilities of th e ram-jet engine as a power plant for 
~ 

medi or long r ange supersonic misailes and the almost complete lack 

-or actual rill!:. jet engine perf ormance data at transonic or supersonic 

speeds makes the data obtained from this project of ~articular 

importance . 

The complete test en£i ne is 16 inches in diame ter and 14 feet long 
<" and includes a central body in whi ch is located an a;channel tel~eter, 

fuel tank and fue l control sys tem. The me thod used to obtain supersonic 
~ 

I ~ 	 speeds is to ~elease the rae jets from t he B-29 a irplane at an altirude 

of about 30,000 feet and allow the ene ine thrust and the force of 

gravity to accelerate t he uni ts. These operations are conducted in 

cooperation wi th the Langley Field laboratory of the RACA and t he 
•.. engines are released over the ocean near *a~lops Island on the 

Virginia Coast . Suffi ci ent data are tranamitted t hrough the 

combinati on antenna and pitot~static tube to the tel eme ter receiving 

atation on the ground to enable us to de ter~ine the engine acceleration 

t hrust coeffici~nt, drag coeffi c"ient, diff~ser effic iency, gombustion .. 
efficiency and overall engine effici~cy . 

The centr al body is l ocated in the forward section of the outer 

shells .s shown in this section vie3. A Single oblique abock spike.. 
diffuser is used . Compressed nitrogen stored i n a hel;cal coil i nSide 

the fuel tank is used to pressurize the fJel . The fuel control 
l{3 
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r egulates the n1tro~en flow into the fue l tank to ~ive the desired 

fuel II" essure throughout t!1.e fli~bt . i<'uel spray ba:s and a fl8:'le 

-. 	 holder are located to ~~e rear of t h e central oody. ~urnin~ is 


initiated by two fl ares just uystream of the flame holder. The 


combustion-c~~ber wall is cooled only by ~e air flow over the out­


side of the shell. 

It is planned to ir.vestigate five designs having different" inlet 

a~d outlet a~eas t o provide a wide ra~e of combustion chacber velocities 

and desi fli ght Y.ach numbers. To date we have tested o~y the first 

desigu. 

To give a little better picture of our ram-jet flight research, 

a short reovie ~ill be shown coveri Df this phase of our work. 

DESCRlf~I O:7 OF r:OVI E 
+ .. 

T'ne di ne !"az:l jec is mowlted !>eneath the filselage of th e P-61 b 
..,. 

r:l.eans of t ;vo streanlined struts . i:ere t he airplane is shown in flight · 
~ "' 

just before the ram jet is started. The ~ngine starts ~othly and is 
, . 

operating at a fairly rich fuel-air rat io which results in a long flame . 

Operation at leaner fuel-air ratios Is not snown ~ecause the pale blue 

fl~e at the lo wer f~el-air ratios were hardlJ visible on t~e fi1m. A 

ra~e of water-cooled total r.ead tAbes is located at the engine outlet. 

T"ne meas"Ar e::lents obtained froc these tubes and other !!1easur~ents i nside 

the engine enabl e us to calculate the enbine thrust , combustion 

effici ency, and specific fuel cons~ptlon. 

Thi s is ~~e 3-~ in fli£ht and the 2O-inch circ~lar ram jet i s 

beine ext ended into the alrstre~ before starting the ene i ne . 3eca~se 

or the scalI (round c learance of t he airplane, i t is necessary to 

r etract the r~ jet into the bamb bay for landing and take-ofr operation. 

Iff 
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' . 

The ram jet operator in the airpl ane is prepar i ng t o s t art the 

ine . Start1r~ was usuall y accompliShed by ~eans of a spark plue , 
J 

bUt magnesium flares were necessary f or star ting at alti t~d~s abou t 

,. 25 , 000 f eet . The fue~ai~. ratio here i s somew~a t above stoichi ometric. 

ater -cooled r ake of t otal pressur~ t~be s i s a l so loca t ed at the 

out l et of thi s engine . ater is used cool tr.e com~ustion-c ~a~ber 

aIls a.'1d stean i ssu i ng from t he wa t er ja :!~:e t i s vi sible above the 

flame . L~e fuel - air r atio Is no~ about 0 . 025 and the fl~e i s very 

hor t . 

The outpu t o~ the t eleme ter anter~as on the first of the 16- i nch 

ram lets Is bel checked preparator y to fl i[~t . The operation of ~~e 

f~el - control sys t as c~ecked just pr i or to mour.tin~ the enf ine o. 

he airplane . The ail'}:lane is now flying a t 30 , 000 feet and the ran 
~ 

et will be r eleased as soon as t he engi ne operator starts t~e ensin~ 

a~d dete~ines t ha t it is operati~ sa t i sfac t or ily . ~rine t:-te fal l, 

tele= r data are being recorded at t~e groUn1 s t a tion a~~ t~e 

r.;.:lne I s being tr3.cl:ed bv radar. r~o at temp t i s :.:ade t o r ecover 
• 

he ensi nes af t er s triki the -,ra t er . A s :Jl ash i s visible on t he 

iLc as the e~g~ne str i kes the ~ater . l ose ex~~inatio~ of ~~ e flIn 

shows tha t the burni n$': in t he engine was s atisfacto al l t.l-te ;'/a:~ 

own . Of course , no atteI:1pt i s J!!ade to ~ecover t he en[lne at t:-~ ~ er.d 

of t :te fl i zh t . 

art of t~e data ob t ained ~~~, t he teleneter ~G r~car records 
Fig. 'I z. 

)f the fl i £ht are shOtm here . f\ _~e e::d of the fli,:ht oc~ '..U'rcd a":>o:.J. -; 13 

seconds after release . The ~.:ac~ Il'.lZ.ber at the e:1Q of t ::.c fll:l;.t 

s abo:.lt 1 . 4 . The acceler ation ~as incr easin r apidly as the f lidl 

speed i ncreased ana had a val:.J.e of 2 . 5 e at the e~ ~ of the fli,j".t . 

4-5" 
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16-INCH' SUPERS'ONIC RAM JET 

013.01.40 

C,..) 

•::E: 
c.S

• 
I 2.5cd 1.30 

LLl..J.J 
l..J.Jco 
0::E: MACH NUMBER C,..) 2.0 : 

= _en 

c:~ 1.20 AC ;zSfc::: -
.16 0 15 ' ~~ 1.10 I / /1 I en' c::: 

0 

~ l..J.J:z_ -..-Jl..J.J::E: 

~ 1.00 .12 ~ 1.0 ~THRUST COEFFICIEN 
 
b l..J.JMINUS 
 0 

DRAG COEFFI 
 .08 ~ I .5ttl .90 
ene::::: 
~l..L. 

.04 ~I 0.80 
25 30 35 40 45 

TIME AFTER RELEASE, SECONDS 

c· 19829 
JO. 24· 47 

~flyL/2. 
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