
tURBI NE COOLING 


!alk No. 1 


Speaker•• 	 Henry o. Slone 
 
Jack B. K'lar 
 

I I - In pract i cally all aircratt appllcation. , de. i gner. are 

continually .trlY1nl to obtaln more and mor e pover and at 

t he .ame time improYe en,i ne reliabillty. turbine coolin 

proYide. a method ot obta1n1nc the.e Coal. with the ga', ~ 

t urbine enclne. In addition, other .l,nitlcant ,ain. in 

encine pertormance and enaine t abrication are po• • i ble due 

to coolln,. In thi. exhibit, the applicatlon ot turbine 

cooline to the turbojet engine vill be di.cu...d and a 

4emon.tratl on vill bepre.ented .howin£ the ett ecti..n • •• ot 
f 

alr coolin, i n a production engine t hat baa been moditied 

•• 	 aa .hovn in the cut-away model here. the moditicat1ona to 


th1. enalne t o accoamodate air coollna w111 be dl.cu•••d 


later. 

.. , !he pertormaDce ot the ,a.-turbine englne 1. l imited by 

t he .tructural .trencth. ot the metal. in t he hot end ot the 
,tI 

.. 	 endinc _ On t hi. chart (ti,. 1) i. .hovn t he lOOO-hour .tre• • 

r upture cur.. tor a t ypical hlgh- temperature alloy currently 

u.ed t or f abrication ot ,a.- turbi ne blade.. the .haded 

portion aboYe and to t he rilht ot t he cur.. repre.ent. an 

" ar.. where the materi al cannot operate .at ely_ Por in.tance, 

~ 
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~ it the materl al mu.t operate at a t emperat ure ot l~o " 

which 1. typi cal tor gas- turb1ne blade., the maxi.WI allow

able .tre•• t hat t he _tarlal can vith.tand lately 1. about 
, 2l+,ooo pound. per .quare inch. !vo _ thod. ot increa. 1ng 

the power output in the ca.- turbine ene1na are to u.e l onaer 

turbine blade. to permit a lar.er ma•• tlow throuah the 

t urbine; or to i ncr.... t he la. tesperature to pr ovide .ore 

enerl1 In the Jet. Lonler turblne blade. r e.ult 1n increased 

.tre•• le.el. In t he maal, and ral.ine the las t emperature 

mean. higher metal temperature. . In either ca.e, the llmit 

ot t he metal .trength are exceede4. By cooling the metal, 

hiaher .tre.. left1. are perm• • lble. !hl. will Improve 

engine reliabillt y, provide a method ot i ncrea.ina pover , 

and permit lonler engine llte. Coolin, al .o permit. the 

gal t emperature to be ral.ed to permit a pover i ncrea.e . 

Another i mportant adv.anta,e ot coolina 1. . hovn on the 

next chart (tl,. 2). !hi. cur.... i. the _. a. on the pre

cedlna chart. Nov it the _tal operatine temperature level 

i. deerea.ed to about 10;00 P by coolin. , a low all oy .teel 
'of 

contain1n, only 3 percent .trate,lc material can vlth.tand 

t he .... .tre.. 1 ..... 1 a. t he uncooled hiIh-tempera ture alloy 

contaln1n, 97 percent . trate,lc ..tal. MOre than halt ot 

t he all071nc content ot ~. h1&h-temperature ..tal con.l.t. 

ot cobalt, col umblum, and t unc. ten, which a. Vill be mentioned 

In the di.cuI.ion on matar1al. , are the mo.tcrltlcal metals 

at the pre.ent time . The low all07 . teel contain. no cobalt, 
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colwab1ua, or t una.ten. ror the y.ar 1953 it hal been 

announee4 that 216 ,000 Jet enci ne. are .cheduled tor pro

duct1on. In order t o m&et this aoal dra,tic curtailment. 

are required in the quantity ot atrate,1c matal u.ed tor 

each enline. Nearly all of the . trate,1c metal 1. reaove4 

Iroa t he turbine by use ot cool.d l ov alloy .t..l., and in 

d41t1on YOU w1ll note that 1t the metal temperature 1. 

r educed an addit ional ;00 r bel ow the 1050° r pre.1ou.ly 

tentioned, the allowable Itre' l le.el 1. more than doubl ed. 

f.h1. v1ll 21.. a creatar d.cre. ot fr.edom 1n the anain. 

desiln. 

i nce the turbine 411k and the turbine blade. are th 

most b1&hly .tr••••d parts in the hot .nd ot the enline, 

theY' will require the mo.t coo11na. The problem then i. to 

obtain a suitable and practical method t or coo11ng the•• 

mbers. ~o i eneral met ilod, ot cooling la. turbine. that 

ha.. been f ound to be wry ett ect1ft are air cool 1nc and 

liquid coo11nC_ MO.t ot our r....rch on cool1na ot the 

turbo3.t en,ine hal been directed tovard. air coolin, . 

TodaT" di.cus.ion vill 4eal only with thi. meanl ot coolin,_ 

In pr••ent lal-turbine practice, mora than halt ot the air 

that pa.... throulh the ellline compre ••oJ' and then throUCh 

the combuation chaDlber. 11 not burned. Inat ••4 1 t pal.e 

o..r the outli de ot thi. t lame tube and then 1n t hrough 

the.e hole. t o dilute the burnina gale. and r educ. their 

temperature to the 11mit. 1mpo.e4 by the .trencthl ot the 
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metal s at elevated temperature. in the t urbine . The air 

pre.sure r equired tor cool ing the gas t urblne 1. con. derably 

in exce.. ot ram pre••ure. A 10c1eal aolution, theretore, 

ia to take a a.ll part ot t he h1lh pressure air that baa 

paa..d throu&h the compr e.sor and use it to cool the struct ural 

members in the t urbine . 

A lar,e number ot methods ot air coolina haYe bean 

inye.t i cated at t be NACA i n recent rear., and our progre.s 

ls illustrated on the nextchart (t1&. 3). By 1~7 the coolina 

etteet1.ene.s ot hollov air-cooled blad•• had been investi

pted in a stat1c cascade. You viII note t hat thi. t ype ot 

coolin, require. a larae expenditure ot coolinl a1r. FrOIl 

e per tor mance standpoi nt it i. de.irable to mln1m1z. the 

quantity ot all' used t or cooling, therefore ettort val 

expended to iDpeo?e the eooliua eftectiveness ot the blades . 

The tir :lt atep was to install an insert in the hol lov blad 

to i ncrease the air velocities throu2h the blade ancl tb.ereby 

impro.. the cooli nc or h..t-transfer rate . ~lother method 

ot l mproyin. the heat tranater trom a surt ace 1. to 1ncreas. 

the heat-tranafer .urtaee area . An example ot the uti lisa

tion of i ncreased Mat-transter surtace area ia the tlnni n. 

tound on air-cooled cyl inder. on the reciprocatina engine. 

fbi. method was u.ed on the tinned blade . You may r ecall 

that at the last inspect10n i n 1949 t he excell ent cool1n& 

etteetlY.nel' ot the air~cooled :iwled blade was demonstrated 

1n a static cascade. Since that t1me the cooling research 

hal been extended into full- scale en£1uea similar to th 
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cut-away engine on display_ Seeause of the difficulty in 

tabricati n, blade. containing a large number ot t 1na 1n the 
.. coolant pas.a,e, t he tir.t blades 1nve.tllated 1n the tull 
'O, 

.cale eng1ne contain.d tube. braz.. into the coolant pas.a,e .., .. 
to provide incr....d cool lng surtace are.. You will note• 
that t he amount ot cool ln, a1r r equired t or this type ot 

blade vaS only .11&htly cr.-t.r than that required tor the 
• 

t inned blade whioh was considerably more dit t icult to tabri 

eate. Dur1na the period betw••n the In ...t12atlon on th1s 

t1r.t tubecl blade in the .ngi ne and the pr••ent tim. , a 

large variety at air-cooled blade cont1rurati ons have been• 
i nve.ticated in the engin. in ord.r to determdn. their cooling 

.tr.cti..n.... Thele blade. 1ncluded tinned blade. and bla 

haYing sp.cial m.thods ot cooling the le.ding and trailin 
T 	 e4&e.. The more promising ot the air-cool ed blade. were 


endurance t., ted in t ull- lcale ena1n •• operating at rat.d 


8peec1 and power. In thi. way, the blade dura b1lltY' va. 

determined. From th1. r....rch procram, one ot the better 


type. ot blade. that e'Yol..., vas an improved type ot tubed 


blade .hown h.re. Th1. blade, whi ch hal a thinner .hell 


and the tube. .xtend.d turther into the 1.a41na and trall1n 

." 

e4ce. , hal the ooolln, eftectivene., ot the tinned blade 
...... .hown on the static calcade inTe.t1Iation• 

In ad41tion to the ROod coo11ng ettectiven••• obtained 

with the tube tilled blade, the blade 1. highly de.irable 

trom a fabri cation standpoint .· To d.monstrate the simplicity 
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in i ts manufacture , It1l start out with this plain hollow 

tube. By a si mpl e t orming operati on, t his tube can b 

tranltor med1nto a turbine blade shell and the .hell can be 

inserted into a cast or forged blade bale. The c~olant 

cavity is packed wi th a number of small t ubes to i ncrease 

t he heat transfer surf ace area . Braaina powder is poured 

between t he t ube. and the blade .hell and around the shell 

at the blade base. !he as.embly i. t hen inserted into a 

t urnace and the component par ts are brazed i nt o a st ructur

ally lound turbine blade with a good ther mal bond provided 

between the t ube. and the blade the1l. Atter gr inding the 

base serrations and cutting the bl ade to 1encth, the ai r 

cooled blade is completed and w. have a bl ade t hat i . practi

cal, relatively 88.1' to tabricate, and liati.tact ory trom a 

cooli ng standpoint., MOunted her e on the backdrop tor your 

i nspection later are shown in detail the various .teps in 

the air- cooled blade fabricati on met hod that I have just 

described. 

Thi. i8 by no means t he only air-cooled blade contigura

tion or fabrication method that 11 practi cal, but it servel 

to illustrate one method that hal been f ound to be sati.factory. 

You vill note that t his turbine blade is untwisted. It i. 

not nece••ary f rom fabrication con.ideration. t o make air

cooled blade. without tVist, however, it hal been determined 

trom t e.ts that f or some appl i cations untvisted r otor blade 

used in conjunction with twi.ted stator blades are satiatactory. 
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• now have an air-oool ed t urbine blade t or our engine • 

• next problem 11 to duct cool ing alr to it. 1 method that 

we have us.d tor our research on turbi ne coo11nl 18 shown 

on thi. cut -away ot a t 1P1cal turbojet Inelna that hal been 

,od1t114 to accoJlDllOdat. coo11n.. The hot en4 ot the anc1ne 

is 11lustrated by thil ,ketch and a cro•• secti on ot the 

turbine disk 18 shovn her. . In this mathod ot cooling the 

turbine d1sk waa $.P1it to provide a central path tor th 

cool 1n2 air f l ow. f.h1s Ipllt disk arrangament provide. a 

unit orm distribution ot coolin, air along the blade chord 

and the turbine blade. are lupported equally by each portion 

or the di sk. !he turbine disks are coole4 by the lame air 

that 1 . uaad to cool the blade. a' i t pallee between the 

front and rear tace., consequently t he 411ks are capable ot 

vlthatanding greatly i ncreased stresal,vels. When you con .. 

sider that the attachment load ot each turb1ne blade may be 

as much as 12 tOIlS at rated ena1ne Ipeed, the . tre•• carrylna 

capacity ot the di.k. beC01l&. very i llDortant . Vane. are 

uled in the disk pa••age primarlly .s a distributor and 

to pro.tde t he propar air entr ance anale. at the blade ba•••• 

Cooling air bled trom the compre8.or 1s suppl1ed to 

the turbine wheel through ducts in the tail cone that are 

1n8ulate4 trom t he hot la.8. by t hl. atreaml1ne strut . 

ealina ~t the air a. it Daa.a. trom the tube ln the tall 

cone to the turbine wh.el i. accompl ished by mean. at a 

lb.Yrint h .aal. The coollns air tube i l pi loted by mean. ot 

a . pi der and bearinc arran nt mounted on a .hatt that 1. 

http:compre8.or
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lupported on the tront disk ot the turbine wheel. This 

arrangement &lsltte8 the proper running clearance between the 
~ .. 

labyrinth seal and the cooling alr t~b••\.\ 

--.. Engi nes with turblnG arrang.ment s similar t o t hat shown 

by the illustration and by the cut- aW&7 engine here before 

you have been bullt up and are be! used tor r e.aarch here 

at the Thel8 en&l ne. utIl! tube-tilled air-cooled 

turbine blades similar to those I have described, and they 

haYe been found to have a bigh cOQli na .ttectlveness. fh. 

blades ean be l abrieated by methods that are relat1ve17. 
s imple and are readily adaptable to pro4~ctlon Droc••••~ . 

It has al so been t ound that the method ot lntroducing coolinl 

a1r to the turbine wheel as shown here on the cut-away i s 

sat1.factory. The next sDeaker will demonstrate the coolin 

effectiveness of a 11m1lar cooled turbi ne arrangemen" • 

• > 

'''"'.( 

.. 



TmB!Ni COOLlliO 

Tal k: No. 2 

Sp.aker•• 	 Robert R. Ziemer 
Jamel B. Huobartt 

In this part ot our pro«ram v. will d.mon.trate the 

etteetiYeu", ot turbine cooling ut ili.inC blad.s and a disk 

similar to tho•• discuss.d by the pr.vious sp..ker . !h. 

blade t.mp.ratur•• with .arlou. amounts ot coollnc all' tlov 

and the d1sk telllperature vill b4t .alured ln an op.ratina 

j.t engin. . !hls ens1n., whl ch 1. similar to the cut-avay 

model dilplayed her e, 1. l et up i n on. ot the test cell. 

along the corridor to your right and i. pres.ntly running 

at idlin ••d. Slnoe the amount at coo11ng air tlovin 

t~~ou~h the blade, vi ll b. yaried during the demonstration, 

:y talk i. beinl transmitted to the englne operat or '0 that 

he knOWI ¥hen to make the n.o....ry cban,e•• 

For the 4emon.t ration ve are u.1nC th. .... basic 
..... ....~ techniques and inatrumentatlon vr~ch are used tor our .xp.rl 
~~ 

nental lnve_ti,ationa. Fir.t, I yill bri.tly explain 10.. 

ot the Instrwaentation required and sou ot the dUtlculties 

lnToln4. The therllOooupl••, tor _sUJ.-ina the blade and 

disk t'JIII)eratur.s, are connected to th.s. tUlp.ratur. lndica

t ing inl~rument. on the backdrop . This i nltrument (point 

out) will be u.ed tor mealurilll the blade t.mp.rature , 
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this tor the gas temperature , and t his one for the disk 

terDperature . In this: t ype of 1nstallat1on It 18 necessary 

to make a transit10n t roIl t he rota tinl thermocouplo Wlres 

f rom the blades and disk to the utati onary vire. that are 

connect ed t~ tlwse ~8truments. Thi s i. accomplished Dy 

meanes or a thercoeoupla plclmD which is mounted on th 

front ot the engino. Displ a.yed cere i n a p1ckup tor six 

cou;les which 1s similar to the one now in t be OIl 

the operating en,ine. This pickup vas develoDed her e at 

the liACA. The thermocouple wil 'ea pass from the tUlab1118 t o 

these slip rings (rotate sha.tt) . the wires trOLl the 

t emperature I~dicatlng instruments are connected to thesG 

brushea. Thus, when the brushes are in contact w1tu th 

61ip rings, the thermoco1...ples are connected d1:t'ectly to the 

. temperature indicating 1nstr~&nt.. nlO bruahQs are lett 

1n cont act w1th the .lip rin&a tor only the ahort period ot 

time required t or r eading the temperature. 1n order to 

m1n1m1~. wear . the•• .witch• • are co~ct.d to a .oleno1d, 

and when they are on. the brushe. are pull ed i nto contact 
, .... with the slip r 1ng l ike th1s (puah brush•• into contact). 
" ~ 

During the ti!lle that the switch 1. on, a r ed l ight over the .....,. 
appropriate in.trument wIll be on to 1ndicat e that ve are ~-

-... meaaurine a temperature. The blade telUD.rature that v1ll 
-"r 

be ua.\¢ed 1. at the nddchord po.ltlon wh1ch 1s lnd1cated 

b7 the l 1cht on thi. alr-cooled blade protl1e. 
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To Illu8trate t he .iz8 ot the In.trumentation being u.ed, 

here i . an air-cooled blade 11~ t ho.e i n.tailed ln the 
.. 

opera tlng .nal n. . A slot has been Iround 1n the .hell ot 
" thi. blade tor the i nstallat ion or the thermocouple. Thi, 

1. a t yp1cal thermocouple whioh 1. encased in a metal tube 

and bent .0 that 1t tits into the slot , r ound 1n t he bl ade • 

.Atter the thermocouple ha l been located 1n t he slot, 

11ke thi., i t 1s covered with weld mat etlal and the surface 

1s around smooth. !he sr;al l ther mocouple prov1~es a 

min1mlJm of 41aturbanee t o the heat tloy a.nd to the structural 

atrength ot t he parts . The th.r!t~eQuple wires , to whieh 

theae red tlars are attaehed , ar~ slightl y l arler thL~ a 

huan hair . .cause the ~~rcs are SMall, failure, ar 

relat1Yel y tr.q~ent ald it i . quite possIbl e that a ther~

couple 1'11.1 break during the d.n:.onst:rat.:i.on. rl:;>wever , ther 

are ~ultl~le ther~ocou~les a t eac~ of the locatlo~s at 

which WG want to measure te~erature~ • hese therc~co~pl 

are connect ed t o t hese sel~ct ,)r switches. Iu case e. ther..uo" 

couple talls, ! can ~1tch to a good thermocoupl e lae~teQ 
" " at tb osi tion. 
.~ 

!.he engine operator will now l~un the enp.:le u.p to 
~ "'f 

.,.. hilller speed so that va can start our demonstration• n 
... 

attendant vill open the door to the corridor !o you can hear 
T 

" 1 	 the sngin 1ng accol erated and ,,//)'1 can obst;trve the incr~8e 

1n .peed on this tacho08ter . I want to empl1As!ze that the 

en,1:1e bei;).g ilsad t\")T tills d i:nsnto.l 

http:d.n:.onst:rat.:i.on
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engi ne tram which we have already obta1ned much data and which 

1. currently belng u ••d tor re.earch. W. will theretor. run 
~ 

the .n,ln. at a .peed and fl ' t emperature below rated con


• dition. to con.er.. our in.trumentation• 


In the tir.t part ot our demon.tration we will .hov 

how the quantity at coolinl air attected the cool e4 blade 

t emp.ra t ure.. We rill run tour point. and pl ot t he blade 

t emperatur •• a,ain.t coolant tlow ratio on thi. chart. Th• • e 

.. tour poi nt. vlll be tor no coolinl air tollowed by coolinl

a1r tlow rate. which are 1, 3, ana S percent a. much coolinl 

a1r a. la, tlow. !hi. 1, the acceptable coolant tlow ranae 

tor turboJet enain... !h. coolinl -a1r t ....ratur. at the 

ba•• at t he blade. 1, approx1mate17 1000 ,. 

The enc1ne hal nov r eached the .peed t or the demon.trat1on. 

No coolin, a1r 1. tlovina throulh the tur~1ne. Ve vill f1r.t 

read the ,a. t emperature and then the blade t emperature. 

The ,a. temperature 1. about l ltoo° F. The blade t emperature 

1. Ilf.200 r. !hu., tor no cooUnc a1r flov, both t he p . 

and blade t empcarature. are the ..... Thi. 11... UI the tir.t 

p01nt on our chart. 

!he enaine operator vill nov .et the cooling-alr tlow 

at 1 percent ot t he tot al ... tlov. When he hal • • t the 

polnt, he ril l pr... a button wh1ch v11l tla.h thl. Ir..n 

l1iht 10 t hat we know wh.n to proceed. .. 
The green l1&ht 11 nov on 10 we will ala1n read the la. 

t emp*rat ur.. It 1. appronmate11 the .... a. betore. Nov 
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we will ••e what the cool ed blade temperature read.. Thi. 

temperature i. about _ or. This gives u. our .eeond 

point on our chart. Notice that tor the 1 percent coolant 

t loy the bl ade temperature wal l ubstantially r educed by _ 0 ,. 

!he enaine operator 1. nov letting the cool ing air flow 

at 3 pereent ot the gas flow. 'here the light . Tha ga. 

temperature reads the same • • ~before . The cool ed blaQ\i t .. m

perature nov read. _ 0 F . whi le the operator 1& ,.ett1n. 

the next pOint, fOU can ob.erv. the shape the curve 1. 

tald the adcUtl0Ll ot tni. 2 percent COOlal.lt il rat1,J• 
re.ulted in a smaller teJIIPe:rat ure r eduction in tn. blAdl 

than that obtained by t he l . t percent. 

the ar..n light nat flashed, '0 we can nov obtain til 

tourth and final point on our ourv~ . u. i a ~ percent 

coolant flow ratio. Again the gas t&uperature remain • 

unchanged. fhe cooled blade t • x·...t~. :i.lOW I'eads _ 0 ~. • 

'. Plottlnl this pOint O~ tn. curve show. tl~t th~ addition 

., 	 at the la.t 2 percent ot coolant flow ratio r esulted irl a 

_al1er decrease i n blade telllp'erature than bero );hia• 

points out the important efteat ot dimin1ah1r~ 

.... the coolant :flow i. increAsed. :Chat 1" the greateat t e1n 

perature reductions are obtained by the additiou8 of the 

i nitial amoWlt. or cooling air. You will notfli that a t th 

3 percent coolaut flow ratio the do temoera. ture l.as been 

decre••ed ____ degree. below tht of th. blad6 with no cooling 

air. This eive. you an indicati on ot the 8i&n1f1c~lt &&i05 

-. 
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t hat can be obtained by blade cooling_ w. are naturally try-

inc to Incr.... the ettectIYene•• ot cooling in order to 

turther deer...e the amount ot cooling all' r equired. 

~ POI' the . econd part ot our d8llOn.tra t lon, we vill glve 
I' • 	 you an 1d.. ot the operat1na tea;erature ot an a1r-cooled 


turblne 41.k which 1. ldent1cal to that d••cribed by the 


prerioul Ipea.r and .hown here ln the cut....,. 41.play 


mo4el~ W. cannot Ihow you the y,arlatlon ot the di.k te~ 


perature with coolant tlow ratio becau.e the ti_ required 


to obtaln temperature equilibriua 1. too lone t or t hil 

.. 

demon.t r a tlon. !he dl.k 1. cooled by the blade coollnc 
,. ,.. ). 

a1r a. it tlow. trom th13 p01nt ot introduct1on 1n the r ear 

...", tace to the bale ot the blade.. We vlll _ .ure the temperatur • 

near the rlm vhich 1. the hotte.t portion ot the d1.k, and 

compare it w1th the ,a. te~.rature. Since the eneine operat mr 

ha. ma1ntalned the condit10nl vh1ch vere la.t .et, th1. vill 

be t or a ~ percent coolant tlow rat10. · The la. t emperature 

i. the lame a. betore, about _ de,r".. !he di.k t am-. 

perature 1. _0 " or about ___ de,ree. below ,the ,a. 

t emperature. It the 41lk vere uncooled, the temperature 

vould be approxiateJ.y _0 F. !he lar,e temperature 

reduction obtained by coolinc vlll permit the u.e ot low 

alloy .teel 41.k. al vell a. allow areater cUlk loadine and 

dependab1l1ty. The .n,lne operator vill nov return the 

enaine to lelling ~..4 • 

•4''' 
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To .ummar1s•••• In the pr.ceding talk, 1t was .xplained 

that 1t the turbine blade. and di.k are cooled bel ov pre••nt 

operatin& t emperatur.. . th.1r .trength 1. appr.c1ably 1ncr....d. 

and a. a re.ult , an 1ncr •••• 1n enlin. pover and r.liab1l1ty 

i. mad. po••i ble. In addit1on. 1t va. po1nted out that it 

the blad•• and 41.k are cooled, they may be tabr1cated ot 

low alloy . t.el. in.t.ad ot t he .crac. h1&h-t.mp.ratur. alloy. 

pre••ntl1 u.ed, and with . utt1ci ent coolinc their .tr.ncth 

will cr_tly .xceed that ot pre••nt day uncooled turbine•• 

th. demon.tration that you have Ju.t •••n r .pr• ••nt. exp.ri

ntal applications of the cooling princ1ple. de. cr1bed by 

the tir.t speaker and .howed temperature reduct1on. which 

are .utticient tor obtaining thi. a441tional .tr enlth. Due 

to the .ucce.. ot thi. and .im1l.ar i nn.tip tiona , we 

belie.,. that it 1. nov po••ible to tabricat. cooled turbin•• 

trom m.tal. which conta1n only a small amount ot . trategic 

mat.rial. and to r ead1ly actapt th•• to turbojet engi ne•• 

!he appl1cation ot th1. material .ub.tituti09, alona vith 
Il. ", adequate cool ing, vil l t acilitate enl ine product ion and 

• • ent ually make incr ea ••d -aetn. pover po••ibl.. The r e.ult. 
,-, ~ 

ot our cooling re••arch i. beina di•••m1nate4 to i ndu.try by 

mean. ot repor t. and tr.quent cont.r.nc... In4u.try i. VOl'kin, 

alon, vith u. in the application ot th••• reault •• 

Th1. conclude. our proC1"&lI on t urbine cooling. Ple••e 

t ••l tr.. to come up and .e. our display her e on the plattor",. 

http:cont.r.nc
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The group l eader will take you down the corridor to your 

right, where you vill aee an air-cool ed j et enc1ne. .im1lar 

to the one operated tor t he de.onatration. The demonatration 

eiliine vill be hear 4 rnnn1nc at idle con4itiona in an 

ad3oin1nl cell . thank you. 
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Turbine Cooling -- Figure 2 
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