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DESCNIITIOH AI{D TBCUG}ITS O}I TI]E fiTF3O DISIC

f:
6

fl, //4-€e/ae

Introduetlon
--..4._

thls doeruont brleflry descrlb€s a slopla fo::ta of gas turblne

englae whlah rt,-i" i"it,, lo*.;;if-rr"y step tetr,,".n tht ra'B Jet

englne and the ""ir"ii#J-"*;";ot:.ir*1* 
coneelved' b3r

I{hlttler
ItE PrtaslPEl alns tre as follosEr

(1) A tbrrut uelgbt tltl? of at least 9 to 1'

(z) rne aevaropneat :1-l1ub'tdrr]i-'"d 
eonparatlva efflclencv

ir, ;|:t"H-fHHtl.ffi;r"re to hlgh coupresslon ratlos

ulth i;;t"ttlfirgal stresses' - Llorlac-
(+) rut "iiirii{it"-ot 

ttrrtro" dlscs and bladeE'

(5) l}'t "ilr"r'pr" 
t"{ltr"l" and naaufactnrlng ptocesg€so

DesarlPtlo

thaenglaehacthsapPQaranceofahollotldlse2[tlndlaneter
and 2r thlck, rotatlag oo " otiTif u""tfos arangeuent'

Alrtsdramlatothc.disothroughscentralalrlntalearrdl.srurnt-Gt"*fi#i#flffif',::: ;f,x';faee 
*on six

equallY Pitche

The dlsc ls Ea'de up of trlo uain partar

(1) fr,*":"u3"#ffi#t'[i:i{#}[tiul," ",
"tt"Tinl-radrtr 

oara"s i"na't"tt"d b€

the allso.

(2)lnouterdlscposl.tlonedaboutthelrnerdlscbutrotatlng
l "o*ii**i*rn'r""-#il;;; ::*ililth the lnner cllsc

aarrflng on !'ts "dt;;;;; 
tl:--"I" equallv spaced noz-

zles polntlng tanqgitf"fev rearsardE relatlve to the

dlrecttou of rotatl.oa'

Innedlataly tnslde tbe atrernf"T"9"-:1'tbe outer dlsc and

adJo{n{ng tn"-Jf* *izLes t"'ii" "otof"t 
aoatnrstlon space' Posltloned

redlalty r-r"iultui """e"P#},t"t- ""a- 
Ea'a'icne{ bet,een t he

. ual,s of tbs'ir"o, "tt "re*:o1o-ffi!-;t:1 
;;;' ouned ln such a

uay as * *"Iiil'tl"-"rJtur"ir'Iii *rt r*"i-ailc ulth-the nlaimu

of shock *a'iiiir"" rt 1. 'il-".i,r*"irorr."t'"bt;: 
the ln:aer and

outar dlscg * "oro"otea 
t'o!IG;:F 1-:r"#-"li oi 1,'t'*'L and

;;;-d ",#"#ffiH1}Hi :t dfii"f #:":#:";:Y""H
its s:[x aozz
dlsc ls d't;;-ln thg opposj;-;i';;t1on at,; ;G veloctty of 700

feat Per secord'



feet par gecoad. ?he elenEnt, thereforer 6xp8llences a change {n ./
Eoneniun, due to the change ln veloclty of ?OO r 600 r 1e3OO leet v/
per rccordo lhe force dge to th{s sudd6a 6hnag6 Ia noreatun o&n

infy ba absorbed by tha elenant ltseLf la the form of pressnre anril

consequent heati aaaea to thls ls the Pressure due to the ceutrl-
fqal'fot"" of iUe outer dlea rotet{ng ulth a veloclty of 6OO faet. , !t
pei secord. Tha sum of these momantun cba:rges prroduces at the most ll I
conserative reckoa!.ng, a cotrpresslon ratio of 3.1, to 1 and at tb I I I
uost optl-ulstle, a conpresslon ratio of 8 to 1. Tbe colrpressed I I I
eleneai, therafore;, arrlves ln the aarular combustloa clranber rhere 'l I
fual ls {nJeated 

"na 
tnrmt - tbE products of conbustlon escap€ fro6

the s!.:r tairgentfu,L aogzlEs uhich ere of thE eonvergent-d'1ve-rgent
t3pe staed coassrratlwly to a pnessure ratlo of, 4 to 1. tlese
alzzbc drlvE the outer atc nirtch 1n turrr drivas the {nner dlsc ln
thc opposlts dlreotloa.

-2-
Descrlptloa and ?houglrts on tho Tr:rbo Dlsa

Ihe actlon of the englne 1s as follot€t

An elenent of alr enterlng the central lntake ls ceatrifugal\y
throvn out to the clrcumferencs of the cantral dlsc r,rhere lt
reallzes a rln ve3.oclty of EO feet por seeond and a sna1I anount
of conpresslon duo to the cantrtfug&l force. ft leaves the ceatra
disc and at }oO feet per second ls plcked up ry the lnner ed'ge-of
ths outer dlec uhlcb 

-le rotatlng ln the opposlte dlreatton at 5OO

Tbe Clalrred for thls tlon as ConPared with the

desorlb€d above.

(Z) t-he elLnlnatloa of tbe trrrblne result{ag 1n tfre ablllty to
*" *r"i nfgir"r contnrstlou tenperatures ani ssa1ler cmbustlou
cSanber volrnes (the necesaltato properly co91 the coabustlon
pa66a !|rLtb e:rceas air to brtng the-ulxtgre bclor the llnltlng tenp-
H;*;-;r7u-ir" turrblne b]^adea can stand to a very great-extent
dlctatea the length gnd. vo}:ne of tbe couventlonaf confustloa catr)'

(3) rbe nozzle ts a nore efflclent way to eonvert pfessure

.lnto spfi then the tnrbine blade.

(l) Itre hlgher conbustlon tenperature permlts snaller uass

flous ii, U. usedlfor ganaratlng the sane thnrst ruhlch enables

blgher conpressloa ratlos to be rea}lzed'

(1) I hlgh coupreaaloa ratlo ls obtalned, for lou rLn veloJil , -cltles. A p:aln rt,,g rrl11 safely support ltself at 6O0 feet nerl[\\,J
secona rU speea wheieasl to achleve the sa.ne compreasloa ratlo [t 

r
ylth a coaventlonal centrlfugal lnpeller 1r5OO feet per second

sould bava to be rcallzed. trrOO foet per saeond tlp speed ls. !
about the safe Ll5lt of rotatlon for any a*c nqde of houn nater- 1'-'

lals evan nhea speclaLly deslgaed wlth a thlek centre Portlon
i"p"rfng to a th'1n elrcr:nference, the rasult ls usuaL\y a heaty

"oip"""it, 
a3d the lrrttr;1g conprisston ratlo for such an Llope]-ler

is just ovar 4 to i- It Is beilevea tbat ratl.o. "" rrlsU as 8 to 
't-lt

"r""q"ft" 
posslble rrlth a countcr-rotatlng unit sLnllar to that

No, & ""':h
ilu*1;!

{
r rt- \
{- 

*t' -'-

{
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Descrlptlsl nrrd Thoughts on the lurbo Dlsc

Tbe Advantagas Clalmed for thlnlonfleur.tlo. * Compared ulth the
!

Conventlorrf C"tttffug"l iy.o" .r" "" fofiousl (contlaued)

(l) the ellnlnatlou of turbina blades and the lou centrlfugal
gtresses lnvolved pernlt the usa of sl-uple nanqfactu:{'ng pr€cesses

such aE Bpl11ld,rg, iheet uetal vorkl eto. Uat{-ug tha rlhole venture a

coaparatlwly cbsaP undertaklng.

Enelne l€adlag Partlculsrs

&rtsldc dlametEr ' 4e aot countlng nozzles'
R1n Spaed of outer dlsc - 6OO feet per second.
Rln Sired of lnner dlso - ?EO feat per secoad'
Conpresslon ratlo at least 3:lP b ]

eol[pres ratlo of 3.1+l,iass flov of alr
and 10 1b.:
Avallable t
320 lb. at 8
fetgLt 25 lb.

second at tonpresslon ratlo of I to 1.
t - LL9 1b. at coupresaloa ratlo of 3.1+ to I aad

e to do useful work and drlvu the conpresEor '
. lacheE x pressurc tt',;ae 35.5 sq. lach r 31)'5 xlorquc

tbe nozzle

the greatest coatrlbutlon to the efflaleacy of the.engbel u111

bo nad,e tpr tl" cogpr€tgor and ElncE thls ls of tncoaventlonal deslgnl

thero 1s no eparirnental data on Hhlch to base a ttreorT' One very

simple approach nould b€ to asau6e that the outslde dlsc raas statlonarT
ad the eEntrc dlsc r.otatsd 't 1th the uhole 1Ll! veloclty of 1r3OO

feetperecoond,andusee:1stln8c}!:17e8.!o'1'1npel1.erat.thlsrl.n
speed. Ibe resnlts obtalned by-dolng thls glva a eonpr'sslon ratio of

3.1+ to 1 ntulch ls felt to be ylff Oelslnlstic as it does not take lnto ]'r'-

account "ff 
roo"Itii-;hr"g;; (g€;p&15.e #8).- Howeverl gssrrmlns thls

to bc oorrect, the torque t"q"f*a tI arfve tha couprossot ts eqr:al

to the 6hnngp of-tgui; noneatrn per seaond.orpertenged b'y the alr'
tf the an*ulsr rousitrn of the alr^ entErlng thc dlsc ls zerc, then the

tot"f tor{ue oa the co'prcstor la glv.",. bt I_........ L

L*L ? r -'t-

',lbEre I 3 $1b. ft. per lb,r of l'lasa Fl'orr -= ' t

8/TL
rndUriJbl,rlTelocltY

B = 
Rsdlus of hPeLLer ?lP

the radlus 13r 1r3 Ib. laebea. "/

= tr0€1.3 ft. Ib.

212
130
32.=tr

\

ub:Leb vhen aubtracted fron the ava11able rrozz]:e thmst torque of

4,t;, iu. r""p,-J J;i*i* P 2,:i,::":3: ::"::i ffi*=Iti';i;:: ;";;;t;"il";-Lirr:s lt- lnehea ot a userur thmst or
L

u9.5 lb. -}
----- f-
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Descriptlou and Thotrghts oa the Trrrbo Dlgc

Englne Lead'l.g Pertlculars (conttrued)

Ihe otber nora raallstlc rlay nould be to take the pressurs
stage-b5r-stage oa a change of rnomeatt& basls.

The curt€ slrrm oa F&ure 7 represcats tha pressul3o ex.nerlaneed
by a pltot tube at aLL cpeeds up to a lbch Sunber of 2.0 eonpres-
slb1o qo

tla potnts plotted along the cux?e and elrcled are darlved
fron ths forurla belor, for the platn dlsc of (f&urs #7)

pf
Dte

I{hera fu l llp pft,ssura and P" r eyo pressrure
B? 

= 
l1p rudlua and Ro . elrs tadlus

f 
= 

Rotatlonal valoeltY ,r ttdl.ni
f, = 

Iirfb of spealflo heats for gas used
(4= Denalty of gas used at lmpel.ler e rl

lt lr:Lll be ceen tbat they f.11 eLaost exaatJy aloag the eurvs for
conpreaslble qo

lha aborp formrla Ls ar expreselon for the conpresslon ratlo
exparlenced at tbe r{-e of a boJ.lon disc ln ubleh the lateraal gas
fu rotatlng rrlth the dlsc but there lE no radlal flou - lt rrlll
be sea that for a glvea r{.l t{ach fiunber, the centrlfugal frresnurs
of tbe gas t"nslde tbe dlso at the r:lrn ls equal to thepressure oa
a pltot tubc travtJ.tag at the sase ve1oc1ty.

Il tbe radla-l fl.ou ls very srnall conpered nlth the tangeatlal
flor or uhirl, the oure girun on Flgure 7 r^rlll very closely poF
tray the tnrth" ttlc Is to a very large extent tnre of the above
enginc. Conslder the slsEst Enter{'rg the lntake of ths central
dlss, lt rlLL eratualty drlve at the rln of the centre d'lsc
uhcre 1t dat betlr a rh1rl veloolty of 1ffi feet per secoad and a
pre!ilrrs eo glven bry tbo polrt narked (a) on the eurve of
Plgqre 7 - thE sloot tbet leevas the rh of tha eeatro dlso
at r prccaurc equel to that, at polnt (a) ou the crrwE qnd a
vcloelty of 70O feet pcr racond and 1g plcked trp bf the outer
dlso uhers lt eveutue{y arrlvaa at the eLrcunference rltb a
veloclty of 6O0 feet per second la the opposita dlrectlm. Tbe
eLaent, thercfore, aqerleolceE after leavlng the r{.n of the
lnner dlsc, a nonenture clrange dqe to ttre change 1n- veloclty of
1r3OO faet per second. ttla ta.kes you to porlt (b) on the curre,
howaver, thls nould be the pressu?e lf the outer dlsc were a
receptacle novlng oa a atralght patch. Ihls Ls not so. fhe path
of noveanmt of the outer dlsc 1s a radlus and tber'e v111, there-
fors, bE Eone ceatrlfugal force exerted - th{s rlLl'rake us to
po111i (") oo the cunal poLat (c) representg a corBpresslon ratlo
of approxlnateJ;9'10 to 1. tt:Ls flgur€

=[',+W,U--ul ^/
T-r
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Degcrlptlon and Thorigbts on the lurbo Dlsc

Englne Leadlng Parbleulars (contlnued)

1s adnlttedly a ltttla too hlgh to be eas11y accepted. Eouarer, lt- ls
felt that the reason{rg fu correet, partlcularlY then conslderlng the

noneatuu shangs fudlcaled on the cu.e of Flgure 8 and lt ls proposed

to uae thl.s as th" top lldt of rhat Erght ba e4eeted, only rcduced to
S6;, an efSlcleucy iactor for adlabatic compressloa. lhis pennlts us

to use a aotsPresslon ratlo of 8 to 1.

ncfErr{rtg back to the currrsa on Flgura 6.and usltg the sane

conbrratlon t"ril;iot" oi rsoe 6elvlas-a1'9-tha ssse lozzle area of
gsq.lnchesliiuo"t'of93o1b.lsavall.au].eatthenozz].asand
r"qotrts a m,tE flon of 10 1b. per seoord.

The torqus to drive the couPressor

t r the totque on the outer tllsc (130o x U x to)(ffi)
r trrlce the tarquc o tbe laaer dlsc

= 
2 (.@g;-?--19)

l3z.z * lz )

= 658 ft. Ib. (uY sUao rrrle)
r 7189O lnch lb.

tba torrqua avaILabla at the aosrla r 930 r 13 lb. Lnches = 
121090 lnch 1b'

the useful t "q"" L, tUt"forez 4r2ffi laeh Ib. nhlch 1s 8n avallablo
thflrst of )8 1b9'

41
Descrlptlon of a Hlaln Rotatlng.rDlsct

tbe ateps la thc thlal<lng uhlch have led up to the desfun str:dy of

the eormt.r.,ootJG dlao Jnst desed.bod a:re wErl portrayed Ln the

follortry dcacrlptlon of a gfng+i-O*i:t.ryt*ll"g dlsc whlch hss actuallv
beea nade 'nt nE succesef\r4)r (See Sk€tch fZI'

...rJ hol-lor dlsc lOi la dlarnstcr and 1r tbick ue's trade fron t'rlo
clreular rn{lrt s!Bc1 sp{vrnlng'r-.04O' th}ck 4.1c!dd together around tha

;;;ffi"*"* (i". oll"r"e;tl, Equa[v nos{}oned around the cLrcum-

ference rere rour-;;;it"-"u'pr"ir'ng ts!gB-nt1811y 1n the game d'lrec-

tlou. Insldc th" A"; ar4 c1glt hches la d5suetor l'aE an slrnl-urar

boudary '-g iiulo[ il12;''at"rAer holes drlrlad radlal\v tt*ongb lt
forntng e type of coarse nesh sleva3 the tonndary l'JiaLL r',as r cleep 8Id

V4o tUtct 5gfae h61d l* posltroi t itU 1/8r rlveis. 0a the lnslde of

the bogndarT *;;qr"Uy'posftioned eigit rz.dlal ?anes also In deep,

V4,o turcr and beld'ra plsitro"-irti i/Ei rt*t". a,t tbe verT centre of

the top dfgc uas Uousea'o ""ff-ifg,dA 
U"U ","" and at the centre of

the bottou ar"o'rril?=i irli; arlil;;fi"le'- Flctng thls bole ad'allv
and abuttbg 1tr rlth a s1,[dl'g -*"+ ;.: L 42'dla'raeter PlPe' Fed

lnto thls L VZ, 6laneter pfpe ire iuo otUer plpesr oae !n dlaneter and

il;"J;;; !i"-u*..". ir'" ri-ar"teter plpl i" io faed a1r to the
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oescrtptLon ana rho,#t:s on the Turbo Dlse

( conti:rued)

dlsc a'd ls to ba connected to the plant nar.n ar.r preseur€ rlne - ithas 1n lts length a sltd{ng po"t ,iri"t, 
"nJi"" it to be opened to theatnosphere. 'J r-

Tba 1r/4a dlaneter plpe ls !o-f,::a fopane gas to the disc. Thepropano and the alr ulx in the I vz;;;;;iG plpc ana enter thedlsc as a conbustlble urlxtur". -till ,L;#1ous radla11y outuardsln the dlse and penetrates tui uo*a"rr *ri inrougr, trre 3oo {3zndlaneter holee 
"ntertng tfr"-ii rrfae annular space b"tween-the bounderywa1I a-rd the peri.-neter of irr" ai"J--Hil;l suall be kroyn as theconbustlon chanber. ?ha ,1=t*" rs rgJieJ- ri tur" area by neans of ablow la'np potnted in. througi-on" of tf,e rour radlal nozzles. Theburrrt gas6s escape through"iuu'ro* nozzles.

?o start tbe englae the dlee is held fron rotatlng and. ilre alr lsturned on to a sra,ll axtent ,iti, tt, slldlrg .oor-l ln the alr 1lnecLosad- IlerB, lt r-p""" s"" ! turnJ-il"iirry and the blou laropls llt and potated doua *"-of tfre nozzie; -il" gas rd.LL thea rrghtou the outslde oaly of the bound"ry *ff---tni'U*aar7 rralt actJngas the gauls la a. Davy safety la.rnR. I{hen the gas ls ve1l }lt the!]6v 'tan6 *, F !*:i "rr"y 
La tbe ,r{ec reri iree to rotate whlchlt wtLI r'unedlately do- rire Jr a:rd,- the *"0""" ga,s raay then besteadilv tunred.on be{'g o"*ior !o !E;; ii"'il*t*e rlght byuatchlng the corour or tre srhqus! f1.tr; tronlrre four nozzles. Thedlsc w111 accelerat€-very opiJfy ead at "oi. ifgo"e above 4r0oo RpMthe ^oort ln ths,air- line-,"y'be opened and tho alr slor.rr;r turned off.I{hen the dlsc will T runnlng aaa-prnprae-rislom 

"1r. A11 you thenhave to do 1s control tUe pr6pane.

fhe flrst trouble urperleae"g 
"!?" nrnnlne the slng,e.d1se,ras due to overheatlag of tbe conbustl0' 

"urrulr; tbls ras due tothe L.ck of nixture eJat::or due to pr.-,l,cfurg the propane and a1rbefore tho conbrrstlon cha.ober.

A very s{nple modlflcatlon rdas carled out rrhlch nake 1t posslbleto faed the propane gas dlrect to the oo"u""iion cha.uber thr-ough aga1lery plpe and an ixtra rotatlng grano. 
- 

rrrrs corpr"tely overcan:e
lfe ovgltrgatrng !roub1e9 it uas rJu"a that the-hot gases of combus_tlon uhich uere I{ghter than the cold laconfi 

"rr were dlsplaced fronthe wall of the conbustloa chenber ty " {y"Iof cool lncorolng air -th:Ls kept the chanber rall cooI.

The r:ain r{mltation to thls si.nple dlsc ,*as that as thecoubustlon cha-urber uas. rotat{ng, the onty 
"onpieseton ratlo to beex-corlenced bsfore conbustlon ,"s thd, dul to itre centrlfugal forea,the klnetic enerry of the lrngentlal or whrrr veroclty is notrecovered ln the forr of preser:re, therefore, to achle17€ a reasonableconcnrssslon rat1o, ve4r hlgh rLuo velocltles Lve to be realized.

Ll-nltatlons Eleerleneed wlth S
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Descrlptlon and Thoughts on the lurbo Dlsc

Llnltatloag Experleaced vlth slngle plece Rotat{rg Dlsc (contlnued)

rhe dlsc descrlbed abovs rror''td br:rst at about 9oo ft. per secoad,rlhlch vould onJ.y pr.,oduce a compresslon ratlo of 1.3 to 1 on thenost opt{rn1st1e rsckqn{ngr f,ouever, that t}re d.lsa ra,1 at allspoke ne11 for the otber efflelencles lnvorvea 
"na 

proved thepriaclple. rt sould be Just posslbLe to nake such a rrnl.t nhlchuould rtn at a-tlp Bp€d or rr5oo ft. per seio"a ulth a co'Dr€s-slon ratlo of 2.5 to 11 but that no*Id be aboui-t;;-itu1;
Appllcatloa

Idhat usa could be nade of such aa eaglne .... ls of eourse,the flrst thought that enters oners mJnd." rt eourd be used todevelop shaft horsepover, but as the ri.n veloclty ls conparatively
1ou "nd the efflnx gar vuloclty ls vBry hlgh the Iosse" due to slipuould be 1arge.

rt ls the nrlterts oplaloa that the eagJaers nost natgral rolels that of a pure Jet unlt dellverlng ttu.trsi.

It has been sr:ggeeted that a unit 24n ln dfuneter could,produce a useful thl.rrst of flon L[9 to 320 1b. for a weigbt of
25 lb. or a llJt reigbt ratlo of frou 4.Tj to 1 up to 13 to 1. rt1s also felt thst shoul.d tb,e slze of the dlsc lncrease thls r.relght,ltft ratlo uouLd beeona ev€n norc favourabLe. I dl-sc could u"sily-
have nora than one stage of corrnter-rotatlon nhleh could eltherreault ln a reduced rLra veloclty or tf posslble, lncreased eonpres-
sloa ratlo. Eveu !f eondltlons dld not {,nprove a dlsc dellverlng
5r00o Ib- of useful thrrust nlght be o<pected to uelgh 500 1b.
?hls thnst could be obto't'red fron the dlsc by turnlng a1.L the Jetnozales dorrnnarris rlon the plane of the dLge so that {here 1s a
cmponent of vsloclty para]-lel to the plaae of the dlsc and one
perpendlcular to lt. lbe "ngle through uhlch the Jet nozzles are
turned ulll depeud oa tha anotmt of vork vhlch ls iequlred, to do
the punp{ng as. agalnst that rhlch is left over for uJeful th::ust,
(See Flgura #)).

rha rasult ls tbat the uhole dlsc rrlrl experlence a vertlcal
LLft perpendloular to the pronc of rotatlm. ff lr" nera to
conslder tbs 5r0oo lb. thnrst r:nlt nhlch nelghed j0o Ib. rre couldf1t tbat lnto a purely experi-rncntal f{ylrrg nachlne 1n whlch..rr.

fhe p11ot uefuhs ................................ 2Oo Ib.fhE altfrane relghs. .. .. .. o. . . r, . . .. . . . .. . ... ... . looo lb.
The fueL (eoo rnperrir-dau;ilr-v'Gh;-.;::::;:.. reoo ru.
The engtne velghs.......oo..o....o............... 5oO Ib,

Toral ,...... :2gjL
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Descrlptlon and Thoughts on the Turbc Dlsc

Api:lleatlon ( coatlnued')

Tbe thnrst, hovever, 1s 51000-1b; tbe-alrcraft (See-Flgure #l')' w111

1lft vertleally off the gror:nd ?rd wlLL accelerate fron a force of

i]*'iu.-o, hil-; ;;;."-Ii 
"u very qulckl; plck up speed and

the ran rtse wlil Lpio"u tbe eourpre""foo 1ai1? rntl1' rlhe1 the

alrcraft rs tr"vsrrag at a Mach I{trnber of 2, 1f ih9 p11ot -r? "9t
already cookedl the conpress'or ca'n be throrm suqy (p"Ty:Y y
,neana of a try-pa;;i ;a-iU"-"oeln" v'lIL operate as a pure raro Jet'
aIL thls rs dro;ng,oaers ln"gln"tlon to nm ver, far ahead of our

present achienamentg.

J. C. M. Frost
Febmrary 7, L952.
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