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One of t he important functi 0ns of t he NACA is to pr ovide the
• 

basic engineering data required for the design of aircraft .engines. 

, 

1''' 
Data of t hi s t ype permi t the proper design af engine parts on the 

first t ry and eliminate the co s tly cut and t ry development process 

that must b e used when design dataare not available. 

In this talk I will describe a project pertaining to hea.t 

transfer which is illustrative of the activity at the NAe! on obtain

ing basic engineering data. This tal k will also illustra t e a common 

practice in research, namel y , how a smal l amount of t es t data can be 

general ized by the application of t heory t o ~ply over a wide range 

t of conditions , f ar beyond the conditions i nvestigated in the t est s . 

It is often necessary in t he design of an engine to estimate 

the t emperature tha t certain part s attain as the r esult of t he 

exposure to the flow of a hot gas in order to determine the amount 

~ ... of cooling r equired to prevent failure by overheating. For exa~le, 

in the case of a turbojet engine we are concerned with cooling the 

turbine blades . Another current problem i s t he cooling of t..1te 

turboj et engi ne t ail pipe , when the engine is equipped with an 

aft erburner. 

In order to desi gn an engine that will cool p roperl y , a knowledge 

is required of the heat transfer process from a hot surface to a 

coolant. Let us consider a simple illustration (0-24180-13) of a f l uid 

.~ f lawing through thi s heated tube. The amount of heat t ransferred f rom 
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t he t ube wall to the fluid i s equal to the p roduct of the 
r-

surface area in contact ""ith fluid, the t emperature differ ence 

between the tube wall and. the fluid, and a factor known as the 

heat transfer coefficient. Engineering theory indicates that the 

heat-transfer coefficient depends on the diameter of the tube, 

the velocity of the coolant, and the following properties of the 

coolant: density, viscosi ty , specific hea.t, and therJ1l.al con
jl 

ductivity. 

.. 
I 

) 

• 

These six quantities are listed merel y to illustrate the 

complexity of the problem. If the effects of these quantities on 

.'1 .. 	 the heat-transfer coeffici ent were desired, it would be nec essary 

to make extensive series of t es t s i n which combinations of th ese 

quant i ties \-rere vari ed in turn, while the r emainder ''lere held 

constant. 

~ 

~ 

Fortunately as a result of s tudi es made by Nusselt in 

Germany and Reynolds in England it was found that it was possible 

;....... to group these quantiti es into two factors, namely Nusselt_0( 
n~er and Re,rnolds number. The Nusselt number is essentially-... 
a generalized heat-transfer coefficient, and to emphasize thi s 

.~ meaning we will call it the heat t r ansfer factor. This heat 

transfer factor i s equal t o the heat- transfer coeffici ent mult~ 

plied by the tub e d.iameter and divided by the thermal conductivity 

of t he f l ui d. Si milarily the Reynolds number is essent i ally a 

measure of t he flui d flow rate, and therefore we wi l l call i t the 

f l ow fac tor. The flow f ac to r i s equal t o the tub e diameter, multi 

plied by the fluid vel oci t y and density, and divided by the fluid 

viscos i ty. 

-" 
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Nus sel t showed that all heat-transfer data woul d f a l l on a 

s i ngle curve if the heat transfer factor \'1ere p l otted agains t t he 

flow f ac tor regar dl ess of wha t prop erty of t he fluid was va ried. Only 

one seri es of t est s in which only one of t h e prop erti es of t he fluid 

is vari ed i s necessa r,r t o es t ablish t h e curve of heat t r ansfer f actor 

against the £10\1' f ac to r . From thi s curve t he eff ect of t he o ther 

five flui d para~eters can be predicted. 

The next chart (C-24l79-D) shows a plot of t his type in whieh 

h eat transfer f actor i s plotted a gainst flow factor. These dat a 

are for the hea t t r ans f er from a tube t o t hree flui ds ; ai r . water and b~n-

zene . The data f allon a singl e curve i n sp i t e of the f act tha t these 

fluids diff er appreci abl y i n physical p roper t i es and t hat the di amet er 

• 
... ~ 

of the tube was vari ed. Thi s means tha t a me thod \'las avai l abl e f or pre

diet i ng co ol ing performanc e for a ,·!ide variet y of conditions • 

The data shO\ffi on t his chart 'Vler e obtained at moderat e t ube \'Ial l 

t emperat u res . The que s tion t h e N'ACA undertook t o anS\,ier i'laS - cou l d 

t h i s curve b e used t o p redi c t the heat-transfer coefficient s at t he 

extr emel y h i gh surface temperatures of cur rent inter est ? 

To answer t he Quest i on t he experi mental apparatus shO\,ffi i n t his 

next char t (C- 24l80-A) \'las set up . I t consi s t ed essent iall y of an 

el ectrically heat ed metal tube through ,,,hich air \'las roade to f l o,.,. 

Provicion ,,;as mde for measuri ng t he air flo\,1 ra t e . t he a i r te Elperature 

and pressure at t he entrance and exit of t he tub e . and the t ube ,,,all 

temperature. A series of measurenents of the heat-transfer coeff i cient 

lIlere Dade for vari ous rates of air flo\,1 and a t vari ous tube '-lall tempera

t ures up to 2100
0 

F. and the heat transfer factor was p lo t ted agains t 
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the flow facto r in the convent ional manner . Instead of a s ingle curve, 

a series of curves , one fo r each SUTface temperature, vIas obtained as 

eho"m on t h i s next chart (0-24179). The dotted line represents the 

curve p reviously shown for the moderat e wall t em~erature da ta, and it is 

apparent tha t 	 t llis curv e rep r esents t h e p res ent low t er.rpera ture dat a ..... 
.... 	 reaso nably well. Ho\ ..ever, as t he t emperature is increased t he data 

-J< 

f all progressive~r b elow t he nodera t e t emp erature line , and at the 

.~ 	
highest t em-p erature shovm, t he heat transfer f ac to r i s about 45 percent 


10vler than t hat p redi c t ed by the curve normally u sed. In other "lo rds , 


the use of the conventional rele.ti on b e t ween hea t transf er facto r and 


flo\-, f ac tor (that i s the dot t ed line ) "lould result i n underes timating 


,-. by 45 p ercent 	the engi ne cooling requirements ,..h en the wall t emperature 
- 'f 

i s 21000 F • .." 

Thi s di sper~on 	of t he high temperature h eat- t ransf er data from a.. 
..., 

s i ngle line is 	undes i rabl e because it reduc es t h e abili~ t o gener alize 
-'< 

the results. That i s , i f a single curve had been ob t ained it would hav e . .,. 

been possible 	to accurately predict hea t- t r ansfer p erforna nce be,yond the 
" 
,.I 	 range of the t ests . Therefore, the conv entional method of correlating 

......... 


heat-transfer 	data vlaS r e-examined to det ermi ne whether it could be re
'-~ 

vised in such 	a w~ as t o bring the h i gh t emperat u r e and low temper a t ure 
~"'( . 
• "f 	

d2.t a t ogether. 
-( 

Now the various 	properti es of the fl uid such as density, Viscosity,
-; 

A 	 sp ocific heat. and thernal conductivity depend on t eIIq)erature. I n t he 
. 

~-4 	

convent ional method of correl a t i on these quant ities a re evaluated at the 
-< 

-< 	
average t emperature of the fluid in the computation of the heat transfer 

fac to r and t he flo\.. f actor •. . After some cons i deration it was decided t hat 
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i nasmuch as the flo,,, region next to the ",all offered the greates t 

r esistance to the t ransfer of heat, ~~e heat t ransfer process wo uld 

be better defined if the fluid propert i es \',ere evaluat ed a t the 

t emper a ture of this regi on or namel y the tub e ~]all t emper atur e. 

When the heat t ransfer and flow facto rs were de t ermined in this 

'" 	 \v~, the fol lo'tving plot (C-241SO-D) ...,as ob t ai ned. It is seen tha,t 

all of t he point s no ..., f allon a si ngle curve r egardless of surface 
~ 

• 	 t ~nperature and agree with the moder at e surface t emperature data of 


p revi ous investigat ors . This means that a proc edure is nov' available 


fo r predi c ting heat-transf er coefficients at very hi gh suI'fe,ce 


t emp er a tures , f r om data obta i ned at moderat e t emperatures . 


Equ2~ly ae important as the accurate predic t i ng of heat transfer , 
is the prediction of the pressur e drop s as socia ted with flowing fluids 

under conditions of heat t ransf er, t hat is, a pressure drop across t he tube
" 
" ) 	

is required to force the fluid through the tub e to overcome friction. 

Generally , increased heat transfer i s accompanied by inc reas e in this 

pressure drop, so that if the permi s si ble p r es sure loss is limit ed, 

as it generally is in aircraft ~pplic ation, the hea t transfer may 

a~so be liuited. Accor di ngl y , pressure los s es wer e obtained 

simul t aneousl y , ..i th the heat-transf er data, and. ....,ere used. to calculate 

t he pressure drop coefficient s . This coeffi cient is a quant i t y 

rel at ing the pressure l oss d.ue to friction, to the flui d. f low rate• 

Past work, both theoretical and. experimental , has shown t hat 

pressure dro~ coefficients, for conditions of no heat t ransfer, can 

be correlat ed by plotti ng them against the flow fac t or previousl y 

described (C-24l 79-A). 

~ 

.J 

.~ 

<' 

. 



,. 
6 

Again it was found tha t with the conventi onal method of 

presentation there was a disp ersion of the data from a co mmon 

correlation l ine a s the surf ace t emperature incr eased. 

Ho\'lever, 'by slightly modify ing the pressure drop co effici ent, 

a..l'ld plotting it agains t t he same modifi ed flo", factor used t o make 

the hi gh t emp erature heat-tr ansfer data fallon a single line, these 

coeffici ent s could also "be made to fall toge ther. T:1.is resul t i s 
- > 

} 
illustrat ed in t he next chart (C-241So-C) ;.,here the modified pressure 

.> drop coefficient is plotted against the nodi fied flow fact or. All ..' 
of the da ta poi nt s now fallon a singl e l ine, and hence simplify the 

I>

calcula tions of pr essure drops acconpanying flow with heat trans fer. 

There is an additional s tep that ni ght 'be desirable. and that 
-~ 

• < 	
i s t he u se of a si ngl e equa tion or curve t o predic t ai ther heat

t ransfer or pres~re drop co effi ci ents. Various inves t i Gators have 

indica t ed that there i s an analogy bet ween heat transfer and 

pr essure lo ss , whi ch has been experimentally verified a t 10'''' t emp

eratures. That this analagy al so applies at high temperatures is 

illus t rat ed i n t his next chart (C-24179-~) which Shows the modified 

pressure drop coefficient, (plus symbols ) and a heat-transfer factor, 

(circle sym"bols) plott ed agai ns t the modified flow f actor. This 

heat- transfer ordi nate i s a modif icati on of the previous heat 

tran sf er factor di vi ded by the flow factor. The data fal l t oget her 

and can be r epresented quite well "by a single l ine over most of t he 

flow fac t or ranGe. The line drawn is tha t previ ously used to 

represent the pressure drop correlation. Hence both the amount of 

the heat-transfer and the corresponding pressure drop can "be obtai ned 
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from the same curve. One implication of this result is, t ha t it is 

po ssi bl e f ro lJl pressure drop t es t s on a fluiel flo\'tTing t hrough an 

unheat eel tube, to est ablish a curve whi ch may then be useel, to 

preelict heat t ransfer coeffi cients over a wi ele r ange of surface 

t emperatures . 

In ~ this i nvestigat i on has provieleel basi c high t emperat ure 

heat transf er anel pressure elrop data that are requi reel fo r t he 
,~ 

elesign of engine c00ling systems . 

~ Of more funelamental i mportance, the convent ional methoel of 

correlating heat transfer dat a has been Jiloelifi eel to incluele the effects 

of high temperatures , so that the result s of a f ew t es t s can be 
.~ 

'( plott eel on a single cur ve to cover a wiele range of operating anel 
, , 

elesign conelitions• 

.' 

,4 

.... 
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TALK ON JP-3 FUEL ALUATIOU 
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i n Room mv-5, ERB . 

( See Stage Photo C- 24l 52 and Col or Photo ) 

I n r ecent year s the number of air cr af t p owered by turboj et .. 

• > 

~ 

engi nes has i ncreased rapidl y . The quest ion ari ses, then, ,ma t 

type of fuel will be availabl e i n suffici ent quant i t y f or operation 

of t hese ai rcraft in t i me of emer gency . Current turbo j et engines 

ave been developed on avi a tion gasol i ne and kerosene type fuels 

but ther e are several reasons 1vhy t hese fuels are no t suitable . 

Fi rst, it i s undesirable t o burn highly refined gasol i nro in 

engines that \.;ill effec t ivel y utilize less refined products . 
~. 

, . 	 Second, kerosene type fuels are not avai l abl e i n the quant i ty 

that would be needed in an emergency . I t i s al so desi r abl e to 
'r'" 

., sel ect no.., the fuel tha t \lJil l be available i n suffici ent quant i ty 

in order to have t hi s fuel around whic..h. our future turbo j et engines 

can be devel oped. As a r esul t of th i s ~roblem representati ven of 

the p et r oleum i ndustry vlere asked t o sugges t the f u el tha t vloul d b e 

,~ '- "'i availabl e i n suffici ent quant i t ies for operati on of turboje t engines 

in an emergency. The met..h.od by which t h is \-laS done i s illus t rat ed 

in the first chart (0-24172-B). Here is shown a barrel of cr ude 

p etroleum and fro m th i s crude we can obtain by our various r e

fining processes 40 percent gasoline , p ercent kero sene, 17 per

cent Diesel and heating oil, 24 percent Bunker fuels, 3 p ercent 

l ubrica ting oil and 10 percent of other products . I f \V"e consider 

that cer t ain pl~sical properties may be liLuti ng insofar as air
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craft perfor~,nce i s concerned, and one such property i s fre ezing 

point, then only a certain portion of t he original crude can be 
) 

used i n a ircraft . I n other words , the freez i ng po i nt of aviation 

fuels is res t r i ct ed to a maximum of ~76°F.In order t o meet t hi s 

limi ta,tion \'re could use all of the gasoline, all of the kerosene 

and about one- fourth of the Diesel and heating oil. These t hr ee 

components could be comb i ned to gi ve us a fuel representing 50 
~. 

percent of the or i ginal crude and, as you see on the chart, t hi s 

, . fuel has been des i gnat ed JP-3. In t hi s way 'It,e have decided what 
.. , 

fuel would represent ~~imum availabi l i t y in t he ev ent of an
• 

emergency. The next question t o anS1tler is hO"1 does thi s fuel 

p erform in current turbojet engi nes which have been developed on 

gasoline and kerosene type f uel s . The NACA \'las asked by the Air 

. 1 	 Forces and t he Navy Department , Bureau of Aeronautics, to evaluate 

, th i s JP-3 i n our curr en t engines and the pl an by \'1hi ch this evaluar
" , 

tion was achi eved i s sho\rll on the backdrop (C-24l52~). .On the 

backdrop the first item we have lis t ed shows the perfo rmanc e 

.' 	 characteri s t ics whi ch were i nv estigated -- carbon deposi tion, start

i ng, combustion efficiency and altitude operational limits . ~rtese 

J. _ ~ f actors were s tudied in four designs of s i ngle burners of both the 

can type and t he a.rLl1ular type. They t'lere also evaluated i n four 

full-scal e engines of bo th the can type a.Tld annular t ype i n our 

altitude ta.rL~S and our alt i tude wind tunnel and in f l ight . The 

fuels considered in the performance studies are shown in the second 

chart ( c-24l7l-A). On this chart \'I'e have indicated two properties 

that describe the fuels i nvesti gated -- the boiling temperatures and 

the aromat ic cont ent. An aromati c is one of nany components which 
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appear in petroleum fuel s and is costly t o remove. Aromatics have 

been found to be det rimental to combust ion efficiencies and alti tude 

opera t iolwl limi ts and show greater t endenci es than other components 

to fo r m carbon i n the burners of t he engi ne . The f i rst t wo fue l s 

shown on thi s chart are avi a t ion gasol i ne and JP-l which is a kerosene 

type fuel. The gasoline boils between 1000 and 3500 F and the JP-l fuel 

be h-leen 3250 and 4500 F. These two fuels 'ver e used in the development 

of our current engines and "rere included in the i nv estigation for 

compar ative purposes. The JP-3 fuel s i nvest igated cover a range of 

bo iling t emperatures and ar omati c content . These were select ed i nas

much as t he JP-3 specification i s qui te broad and it ..las our intention 

.~ 

. "f 

to see ,·'hat effect vari a tions i n t he fue l s under the speci f i cat ion .,. 
.. would have in performance . The f i rst fuel bo ils between 1000 and 5500 


~~ F and has an aromatic content of 19 percent. This fuel i s jus t as it 

..Tas ob t ained from the ref i nery. The boi l ing range "las extended t o 
f

'. 
., 000 F for the second fue l wi thout al t ering the a romatic conten t. The 

third f uel has the same boiling range as the second fuel but the .. 
aromat i c content was changed f rom 19 percent t o 29 percent. The 

result s of studi es of carbon depo s i tion are sho..rn i n the next chart 

(C-24l71~B). On the ordi nate of thi s chart we have i ndicated the 

relative carbon formed. The same five fuel s shown i n t he preceding 

f chart are shown here. Avi ation gasoline deposited less carbon i n the 

burners of the engi nes t han any of the ot her fuel s and the JP- 3 f uel, 
0 

with the boiling range of 100 to 600
0 
F and an aromat i c content of 29 

percent, forrled the l argest carbon de-posit . The JP-l fuel, t he 

kerosene ~~e, is slightl y l ess than this JP-3 fuel . The remaining 

t\-10 ~ fuels formed consi derabl y less c2.rbon t han the JP-l and we 
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can concl ude from this that inso f ar as carbon depos i t i s conc erned 

any engine t hat performs sat i sfactori ly \-/i th JP-l would perform 

satisfact orily wi t h these t wo JP-3 fuel s . The f act t hat the hi gh 

aromatic JP-3 fuel f ormed lnore carbon than any other JP fuel indicat es 

that come control must be maintai ned i n t he specifica tion of the 

(. 	 quantity of aromatic tha t ~ be i n the fuel in order to avoid 


excessive engine deposit s . The next chart (C-2t~172-A) illustra t es 


th e resul t s of al titude starting t es ts. Altitude starts may be 


, > 	
necessary in the case of bomber- typ e cdrcraft in which one or more 

, .. ) engines may be i nop erat i ve during a flight and started at some time 

~ 

during th e fli ght for increased speed or it i s i mportent in t he case 

of f i ght er aircraft ,..hen 0.1t i tude operational limits have been 

exceeded and burner bl o\'lOut occurs . The result s shoi'ln on thi s chart 

indicat e tha t t he altitude starting l i mi t i s about 75 percent higher 

than JP-l f uel. ~~is result was obtained i n one of our cur rent 

-IV > engines . It is emphasized however, t hat t hese start ing limit s will 
. > 

vary from one engine t o anot her. Co nsequently the r esults on t his 

chart are merely an i ndica tion of differences in fuel s t arting v 

characteris t i cs i n a specific engine at a specific set of condi tions . 

In summarizi ng performance dat a ob tained on the JP-3 fuels I should 

like to refer once again to the backdrop (See al so C-24172~C). I 

have j u s t ShO\,lIl that the carbon deposition and start i ng characteri sti cs 

of JP-3 fuel s i n current engines desi g;ned for JP- l are equal t o or 

better thrul those of t he JP-l f uels . In the case of combustion 

efficiencies and altitude operational l i mi ts it was also found that 

JP- 3 fuel was equal t o or better t han JP-~ fuel . There are other 

factors aside fro m performance characteri s tics that must be considered 

before a fuel is accep table. These ar e rel ated to handling problems 
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both in flight and on the ground. One such factor to be considered 

is vapor lo ss . As you know, \·Ii t h .:;asoline, vapor "'ill be l ost by 

oiling of the fuel as an a irplane is t~ken to al titude . I n the case 

of gaso l i ne i n which the fuel t emperature is 1000 F t he lo ss by evapora

tion i n going t o 40 . 000 f eet \'/'ould be about g percent . More i mpor t aYlt 

,f' 	 than the bo iling l os ses , however , are the sur gi ng l os s es that occur 


l:.uri ng rapid climb \vith full tw..ks . Since these factors ivere true for 


aviation gasoline they \.,ould also be true f or JP- 3 fuels si nce JP-3 


fuel s i nclude the gasol i ne range of component s . V1e have here a demon


stration - 

,. 

.. 
One possible solution to the vapor lo ss problem is p resslurization of trutl{s . 

~; 

.T" H01V'ever, thi s i mpos es a weight penalty on aircraf t and also increases the 

difficul ties in the desig~ of self- sealin~ fuel ta~(G . Still another 

p ossible sol utiom i s the removal of t he DOTe volatile componen t s from 

" 
", 	 the f uel s i nce t hese cooponents ~nll be lo st anyway. Cons ider i ng a JP-3 
.' 

fuel which has a vo l atility as indicated by its vapor pressure of 7 
T' 

pounds per square inch, if ,,,e renove a portion of th e mor e vola t i l e 
.' 
-~~ components and reduce the vapor pressure to a l ower value , for exampl e, 

1 pound p er square inch, we would minimi ze the l oss t hrough boiling. 

At the same time the availability of the f uel woul d be r educed by about 

15 percent and other problems \.;ould result as i ndica ted on the next 

chart . On t hi s chart (C-24171':'C) ,..e sho\,1 the i nflaomability limi ts of 

three fuels . On the ordi nat e we have plotted altitude and on the 

abscissa fuel telrlperature . Considering JP-3 fuel the zone 1.;hich i s 

colored red on thi s char t shows the regi on of altitude and. teoperatures 

i n which the fuel and air mixture over the liquid surface of t he fuel 
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in an a ircraft tank \vil1 be inflammable . At sea l ev el i nflammable 

mixtures will exi s t i n t he tank \·Ti t h JP-3 fuel be t ,.,e en temp era tures 

of _400 F and -415°F . 

\'1i th a1 ti t ude . If , a t 

constant and i ncrease 

HOi'lever , thi s range of t emper a tures \vil1 va ry 

o0 F. we were to hold the fuel te~oerature 

t he a1 t i tude up to abo u t 1 5 . 000 f ee t \'le v/ou1d 

s t i ll have i.nflammab1 e mixt ures with i n the tank. I ncreasing t he 

r ' 
a1t i t ude s t ill furthe r vie would pass out of the zone of i nfla.mmabili t y 

and on t h is s i de of t he zone there would be too much vapor present for , . 
\ > 	 the quant ity of air present and the mixt ure would be too rich to burn . 

On the left side of the Z"one \lTe would have a reverse si t uat io n \vhere 

t he mixt ures woul d be too l ean t o burn . The next fue l shown is a cut 

JP-3 fuel and this is the same as the ~3 fuel excep t that the more 

vola til e component s have been removed. When this h a.pp ens the zone of 

temperatures in \t/hich the flammabl e mixtures occur in the t an.lc is 

""j 	

. . 0 
" . 	 raised to a higher temperature l evel at sea l ev el of ~300 to ~lOO 

F and t h i s range of t er.I.Peratures i s more fr equen tly enc')untered in 

service . The inflammability zone of JP-l f u el , the kerosene type fuel , 

i s i n still a h i eher temperature reg i on. It is f airly obviou s that 

VIi th all three of these fue l s durinc; c ertain cond i tiona of op er a tion 

ive \1il1 be in and out of these zones of i nf1amruabili ty . lve hav e here 

a demons t rat ion -

Thes e tivO demonst rati ons have shown the t ype of problems we must face 

as i de fro m problems of performance in the engines and in summariz i ng 

\-le can see that JP-3 fuel i s available in suffici ent quantity for an 

emergency and that it performs satisfactorily in our current engines 

\-Thich hav e been designed for JP-l fuel. On the othe r hand we have the 
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problem of vapor loss and in turn t he problem of i nflammabl e 

mixtures i n tap~s and for this reason the final fuel mus t 

necessarily be a corrpromi se from consideration of bo th the 

advantages c~d di sadvant age s . Research result s that I have 

escri becl and the research continui ng a t this Labora t ory will 
~ 

ultimatel ;{ l ead to the selection of a fue l tha t ....Jill be optimum 

from consider a tions of availabilitv and over-all performance . 

Around such a fuel our fut ure engines can be developed. 

) HCJ3: mlb 
- 20-49 

~~ 

... 

~ 

, ,~ 

., 



ALTITUDE STARTI NG PRODUCTS FROM CRUDE OIL 

JP-3 

1.75 ~ 
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1.00 

----:::.::.:::--:_- " 

0' ., 

-----

TURBOJET FUEL CONSIDERATIONS 

I. AVAILABILITY 

2. FLIGHT RANGE 

3. AIRCRAFT PERFORMANCE 

IA) ENGINE PERFORMANCE IB) FUEL SYSTEM PERFORMANCE 

(1) COMBUSTION EFFICIENCY III VAPOR LOSS 

(2) ALTITUDE LIMITS (2) VAPOR LOCK 

(3) CARBON FORMATION (3) COMBUSTIBLE MIXTURE 

(4) MAX. STARTING ALTITUDE IN TANKS 

~ 

C.24172 
9.23.49 



FUELS VALUATED IN SINGLE BURNERS CARBON DEPOSITION OF FUELS 


19% 19% 29% 
AROMATIC AROMATIC AROMATIC 

1.2 [ • JP-3 

JP-1 
1.0 

RELATIVE 

CARBON 
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INFLAMMABILITY LIMITS 
ALTITUDE, 
1000 FT 
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TEMPERATURE DEGREES F ~ 
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MODERATE 
TEMPERATURE LINE 

+ 

PRESSURE 

DROP 


COEFF. 

SURFACE TEMPERATURE -F 
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•
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.005 
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. 0011~-------------------------------------
FLOW FACTOR 

HEAT 
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FACTOR 

FLOW FACTOR 

70 
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SURFACE 
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• 212 
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• 21bo 

PRESSURE 
DROP COEFF. 

AND 

HEAT TRANSFER 


FACTOR 


~ 

MODIFIED FLOW FACTOR 

MODERATE 
TEMPERATURE UNE 

• BENZINE 

FLOW FACTOR ~ 

C.24179 

9.23.49 

• HEAT TRANSFER FACTOR 
• PRESSURE DROP COEFFICIENT 

dMODERATE TEMPERATURE UNE 
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• 212 
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EXPERIMENTAL HEAT TRANSFER APPARATUS 

TEST SECTION 

+ THERMOCOUPLE MEASUREMENTS 

PRESSURE 
DROP SURFACE TEMPERATURE of

COEFF. 

.007 

.005 

.003 

.002 

.001 ' • 
MODIFIED FLOW FACTOR 

HEAT TRANSFER TERMS 

HEAT TUBE 

V/// ////// 

COOLING ..FLUID 

V////T//7/ 

HEAT TRANSFER COEFF. SPECIFIC HEAT OF COOLANT C
'"' TUBE DIAMETER . . . . D THERMAL CONDUCTIVITY 

VELOCITY OF COOLANT. V OF COOLANT . . . . . . K 

DENSITY OF COOLANT . HEAT TRANSFER FACTOR .. htPP 
VISCOSITY OF COOLANT j.A FLOW FACTOR . ..... P~D 

HEAT, 

TRANSFER 


FACTOR 
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MODIFIED FLOW FACTOR 

~ 
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