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C f ' f~ T" ! ~ .l - ?or r.:r:: ,~}~cr~ i .:!&l rF- a ~c.nr, ~: he ~c-· r : :. ~c:- .r::J J ·~ :") : _,: _- -lfl s :- · .. i?- ~ 

ar: d arrLB1}fr;t n~ -·"lf) r: r of s t cge~ fi re 1iF.- s2. raO:e. ':or -~ 1::: ~ : 2=.scn a l e-· :3~- ~ ... . ~ ~ 
Gc~siJn -:-:i tJ h air J ea""._· jnc ~: r: _; ·, es c :· EJ ~r.st zerc r.. c ~ b- e~ ~!: ~~ .. I : :s 
reco6n.::s e~ tht:t t.J:·.:is ent ails sc~e S<=..!ri'.' ice of :;:: ea '.-: e :' '. : ·.:: i•., '." : :·, ':J :..: t t ::-ial 
calculaticn shcweci thLt the &ssu~~d effici ~ncy should be a ttai na bl~. 
O;:,her ri~ j or considerations taken into a.::count ·,,ere:-

a) The desirability of usin~ a modest M&ch nuobe~ a t tte f irst 
rotor. 

b) The desirability of ha ~ing the final radial d i3 ch~rBe velc c~t: 
into the combustion system diffuser as le~ ~s pcs3ib:e. 

r -~,.. :_~eo: Triar:g~es - Aft.~; s e ,·c r a. l preli r::i ~cry des i;sr.s .::. t ~_t:e.s 
fo•1r.d -... ~,. e. good co.nrrn· ise cou l d be 'TI&de b,, us ing r- 4 -'i c: ~e :::b P. r '::: , c: ::e, 
9C7.45.C50 of 0.3" chord. Cesc&de data on t his profile ~as s~ailabla 
f - ' ' f --h ~ ""' 't...; t"' • • n: ~ i t A .. ,. 0 ~ / .r. - r1 \ r + • ~rou .. . r;or .-.r. o_ v e ,Jas , ur,1. '!"e ~ng 1ne~r 1ng ... ~,1 .. s on a , ... __ ..,e , ,e r a. .~e;_ ,.r; . 
In ··iew of +.he lo1'7 an? ]e desi gn chm;en +-.here ·,,ra :, Ji +-,t,}e ,-i rt ;ie in us ir: g 
an inlPt s+,a+.cr. ('n t.'re ot,hAr ranr1 it di!'l1in:-i3hed c2~adt.?, ; n err•a::Pri 
]osses, al" d r.res1_m2hly '!lf011 } ~ 1:,~ a ~o+;:,nt. i Bl sour~e o.,. i~ ir:" "a :--~ r-:r. 
~ i! cr~ir: ? : Y ~~e stat er hRA hp 0 n ~i~rpn~P ~ ~ith ~ n~ +he e ~~ ~~ +-~r~ t ha 
f i rs t rot or ref1al!y . 

1J~~r..? e rP 1a t.:-- ~ !ilacl: r..1 1"""'.b-=-r O!"'. t . - +-.r~ ~ ~ ~~ ~- rn t-,~r ~: 0 . "72 ~~ ..,as : .... ..::- 1_:-::~ 
r-c: ss : :") ] t? t c ·~P~~ :=-~ •·c; ~.}: p r -'"' c 1.;: r~ rl ":--~~r~rc -+: U!1 fl r- ~ f! P ( ...- i t h ~ 11 ;.,e ~ :-; ~z: :1 

· , n'"1 ~· ~ ~ r - ..... - .r L"": ;_~ r-- - • r-- ~.n•~ ~1 -,~ •l, .:a. r~ (~..: ~, "' "!' ei~~; t- , · ~ ... . ;"",.... ~ ~ ., ""\, .-. :-, /er::. ---- · ....... c..;. ,t C!, 1.., • • · •· -."> (.,, i;:- J . , V • . .., ,. ~ .... ..... v , .. ,, . c .. ~rJ _ ,_ - -- v , I .,. . , 1: 1 • i ,_ .... . a :_ 

F-:1 ~- r ? tc 1..2C: :'t ./s Pc .P~ +.he ~r.,~ nf +,~e r~r. :;1 ~· ... r:~cr. Ju~ ~.., ,.... i-. : - ~ 

/ :i~ i :--:shi~~ -·,::7• ·., f 0 r: ~ ~ E.(~~~r \h0 ~ ~.L~ F- --=~P.:- c-re :i_~"' t t-.h c ·.~t, ~?~.- r--- r:.. .... ~ 
s ~~t~ o~ ~tF i nc:rP~~ ~n: rc ~or ~~P!~. 

'.1 e.:.cci :ies 7-El ~:e n fr c:n t he de :1 icn tr i ar:gJ es. To cc ·~:?u·:-.~ t f:~ :J ~ c.(: ,~ : : :~ : ~ ~ ~ s 
' s t! ... - .•C";. ('>:-; ,....· o C""' ..;. ... 1,......-~ ~: . "' 'l"l"!C\ . --: ..: 1.; - '. C'." 1c... ,- ,~ ,6 -i n ·~ .-::, : ~ ,..... T __ .,: •• ,..., c. ~~t, ·- e J_ - -~l_n ,/ o .. ·J ':I ,~ , c.S assu., __ ,] c. l"!U _.,_,_ t.; d ✓ e n _, _.. _ ... c. :J ~ c _._ ~, - ' --

::,b~ ·:,due s of :,ctal 1::nci s t u t.,ic pressure thr cu;;h t he ~ci::r re s s .:: r, c:.:: :.: :. i:e 
r<:idi&. ] area requ i rec: fer 323 lb. / se c . is s .hc"m in line 17. It wil: ':)e 
ncted t ;:~ -:, a loss c:f.. ... tot~.: ':'~e ~st~re of O . .i..-6 -:.s.i. ·Has a l l c ·.veri f c.~ : ::e 
int &..ke (,.:.F/:1 = 0.13). If r~lie -- ing doors ar~ :~L t e ci t ii ~ ::; : os ;; :-:-,a:: oe 
less, but ~ill then serve as a mErgin for develofement. The ccm~ressor 
J:erfor '7:Ence is su:;-.mari3ed below in different 7t'a::s: 

a) Delivery tot&l pressure frcm int&ke t otal pres sure:-

F.c:.tio • ...............•... 
I.ser. t rcp:.c 

J.19 
37.3% 
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Ra. t 1 o • . . . . . . . . • • . . . . • . • • 1 . 00 
Isentropjc "'ff 1 d E>ncy ••• C33 .21 

No a1]owar.r:e ras been '."le.re " or th<e cer:t,r:if'u~aJ cc~~rr-As-5on .,, .... ,.,-=- ,~t, -vh:l~h 
will OP abo,,t 4% of t,he te'l"rPrature r-!Pe u~e,i. "'hP s~ ::.~~ t (-W'.",ra rr.:,c;r,'.;:rc 

B}ad i ng - ~sine Eo-e]1'~ ~ettcd~ thA CEACS ~ e r~r 0 or~QnCP o" ~t~ b" ~ i0s 
hcs o~~e~ ~st:1:s-t,e~ an~ r~rre~enta ~,2,::r e E'·o/aTT'r"!e~ are ~:·:er. ir: ·7ah~::: :: . 
T!:e ~ ... irs~- :i s : ... c:- a C[.:.scc..Ce :,et at J /

1

S = ~; 7 , t . .-~ . . = ~ .2 _, C(:~~ ::: ;·· .. i.. .--l _:: .~ 

tr.e St:2o r.,:i :or ~?/le= 0.5, / .. ~~ - = 2.c,a.J.b ::: J 2 . •~J, r er~ -r-r:'"":.:; ~-· ,~, - - ~-. _; .. :·r:5 
at ~h2 fir s~ E~d l~st sta~es. In ~aJcul&ting th~ st~Je ef~i~i~~~i~s 
Ho1'lell' s deta has been used. It is ccns:l de 1·ed :b:.':. in sc fc,r 1;.s 
SE:cond.::.ry and 11 annulus 11 drag is ~on-.:erned this is conser·,[. tive. '[he 
untwis t ed b lade ·.vith constant lift .:oe :,ficients SFan-wise s:1ot.:.ld di;-,,. ir."is h 
the seccndary loss ai:preciably while the centrifugal force on the rc -:.cr 
bL.de shrouds should diminish the "annulus" drag. Cn the rotor ale.des, 
~G~t!'if1.:.gal force ·;yill act on the bo.undary la/er on th:-j ccri .. ex. s.i. :~t= t:.::!~ 

should telp t o ~ee; it thin. On the c t~er hhnd ~he r~dial dif:usi on !~ 
tte jlading results in high pressure rise loading3, althouih t he 3~a:: 
sr.ace / chord ratio reduces +;, he r, ressu:::-e gn.ciient a.r:d the lift ccef :·:.c:'..tlr.t..:; 
erB au ite modest. 

In t ~e 22ter s ta~es, co~0iti c~s up to abcut 921 of the ~~xi~~m t&~8 jc~r. 

usAd . ~his is 3lightJy hiJh~r tho n u3ual, althcu~~ te3ts c~ •~e Cr~~~a 
@n ~sin~ hc:.?e d&:?r.,r:ns+ .. ~e -:ed •.he :~;::-rc~.re::!ents pcssib:e :J:,· 1-~s~ng ~.- ~J.~Jss ... • .• 1_'" - ~. 

~-han th~ more us'.lsl 30:'; of tr.cx imurr.. ,,.,he S "°:.[:~ e pf ·- ·~cjency· E.1 !: ~:.J.~.rs i:1 l~ 
7a~le II s:: ows ~hat +he best e""iciancy is ~ ~ a~~ed a~ an ~:-: ~~~~ ~ ~e '·:s-

assu..,,ed 101: s tc,ge e+'+' i ci,,r. :~y js a sr.ane c cn ,,erv.--,t:i ··e s c +,1- P.re s~r:-'1 ~ 4 1Je 
nc r.i"·~i-::'1 1t:.r in rea]:is.ing the ,fo si~ned conn:iticr.s. It sh o•11 ,-l he r rted 
that no a]~c'.'l'a:-: .-::e for ccT""~res~i:,i~ity is '.'.'ar.,=, s~nce the -ax ::..., 11:-- "ach 
nu-:-ber is 0.72 -vhi~r. i~ the PS t _:'l"P,~.P~ cri", i -::P.] '~A'.!>1 n11·~11 .:=r ., /'; ~ tre 
firs~, sta 1:.e. tt aJtit 1.1c]p n?:d ::j gh 8r ,·ed the o::- 0 rr -,:ng '.!.i :h :m~o,.,, :s 
.vdJ. be1ow this. 

In ~cn~:lder:ing of:-desj gn -::rnrii tion~, th ,, use c f the lo"' ~ta ~ger b1 a ,;::::1g 
€ivesrel0ti veJy fJat .:haTa ~+,er:is+,L:s, ":'h i "'le ""re ::a,,e arlq,·~,erl a r:: es :ign -:'lit:: 
ir,~r:=&sinr: i.."1Cidf'-!1CA ·,hrr1"'?h the -::or.i"."r':?s~or. '!'h:i s '.".'ill he 1 ~ to Fr:s u :- P 

h .: ,:_:r: c.?~--- : : .~i~·ncy at rar--r, lea~£;.!:~ •t1he:! rtL; !' tjnf;. .>+:. ~l--. s- ~c.~~ ::: -:.e:?~ ·.> E:~ :·: 

is 3. ~c~:-. .:"'crtable :-:--·cr s i r: '.-,af r:re ~1-:G 3ta}l' ar: r_~ c:n 1~e i n;:- ~a s ir: ; ::-'. -~1 ~ r :1 ·,::f; 

.incr cc..3+:--s L, he ds~.- it;.ticn ~hP real ~c.:-.~i~ is st :.21 g~ea ~er-. : ~:;~ 3 I :r 
• t ' ~ ·-~... , ~] ..... C""I'" .... ,-.:,./-. ► ... - t· ' . ;_; :. ve G r: e -,e ·J ._, _n<::s &r.c. ., c.:Ce ~":.~c, .J •• or c r1..i ::. -:) S r eccr:J1:. e r:c:e.:: . 

... • .. ~~ ... ~ -~· 
....... .....i ·' 
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:":-: c ~c;·c:-t.:t of ~,!':e ~r.;-:ine ~~n (~~ i+-; .e p !f a.~ ~:rc.~~: ... :o ~c:;!e ~ .. ,-:;::: e:1 
11 anr:,-1Jur 11 ~c-:-:':Ju;-t:cn ~~,.-:1te :~ ratt --=-r ►J~ c .. n a mu 1 l,.JirlE r,z: ~: t: . .-~ r ·!J. •i ·• , .. ~, -< • 

rr.us ... , be recc3niser:i tha"'.". ~u-.:h a ,,y~te!T., '" s::0·-r. en L i cas c'rG..,::lr.1s ~:-:D .21 1'7=, 

rresents ~ :crnhusticn rrob]P~ and a mc;tani~e1 pro~lem cf ?re~~ 
rr.&.:;ni tuae, which ;7iJl require a cor.~ ~ci"'n:,.'::JJ e r A,.:e lc;--ement rrc.f ,&. ': :r,e . 
In order to avcid ar.y:;:ossibility of dela:,ing er~c~ne de;e}o:_re!".~nt e .. s 1;. 

result of ~ombustion troubles it is believed tiL~ i~ is beJt tc ~~si i ~ 
the rrctcty·i:e machine to use a n1~rnber of ~or:·/-=-~·.ti.::r:sl f2o.w.-::e tubes,. ·-:h -::; •~ 
corr::bustion perforl:lllnce can easil:'° be verified : n ,:. low pol':er rig. 
rt. ~r:er unccnventicnal air intake syste :r: is nee.Jee to ;;rcvi:;e ;ccd 
distri')u:icn to the flame tubes. The inlet velocity will be .....25 ft./sec. 
acd it i3 tofed ~hu~ the profile will not be toe diJtorted. ~ s~i:able 
.schcri.e is shown en L~cas drc.winb :(.L J1'.'-.., ~ ~~ • 7": .; •:: -::·\·e: .. ~ .;:-.t..l .lcc.d :.:. n ··: on 
t:··:-: flc.rr-ie tubes, :Jut develc~e!L~r.~ ... :, f : .. "":~ '..r.:._-.~:: : _ . .; :E ..)nan c:-:r.:."'lc·,-; ri 

bo regarded as an interi~ meusure ~ogive ~i-~ ~ c ~ deve loFement 
for:!! of .:'u~ly 11 annular 11 systerr.. 

'!'urb:ine 
The turbine mean blade 

~r.~ 2as leE ~age and 1.51 fuel 
spc,ed is 733 :" :; . / 3ec. Asst.:.·~ir.g 2"c dr 

'd • • ' \ · .._ l &- ., - ' l"'t.1·•1 - /• • I an i ,,ion a .1;;&_, ,.rop o .. _,L.._ . , Li.-:,, :.. c-:;.se:c, 
~Amended. This necessi~ates a wrirl ~rer.ge nf 17:::o ft . . 1:, P~., ~, :. -~4 
•j~es the blade sroed, w~ich i s a r0ascna hl~ ~oe~j~~. Jue~:~ "- ~ ~• - • 
ar:r~nge:::ent of t,he turb ~ne, -+:hP rad:lal n c·1 11 ,ea in ---:rPa.sP2 1··r:·.., '.,~ .,, -'2s 

o:" ccnstar.+, s'!'.'an) an11 th:5s, ".!C!"i1J;ned '-"I:~." •)--e rF- 1 at i •.rely ;''"' ::-:e:: 0
: ,,~ 

r2..t::.o a:;rcss t.r:e -!:urh:ne np:;es.s:itates a s1 .i .7r: ·. a..,c!:nt o: .=:,~~, -,:.,.,.• ,--c 
:he PXteust B~stem to 
civA a s1:~ht degree 

avn~d r~co~~ressicn. 
of rP.c et: on, ir. -1.,!':~ 

·::.:t :n a ~ean rc.-~~ :lS of' J;2: 1

, 1'' :ra r4 ia1 J!'"°.L":rc, .-; ~0 : .1C' 1 

."'"\.,' . , ~.~ ~--c.: .--::~, 
~hr ~0J 1 ow~~g rj ~u~en spe!i~y ~he ~ur~'ne ~~ i ~~~-e" ar~ h1 s~ ,~ ~~-

.. . 
•• czzle 

,, 
-: ea•,j r:g 

II 

ve}odtv 
'' ~ ( r,j ~ i a~ 

II II II ( ·.,h irl 
Nozzle le&vin€ angle 

Rotor entry velocity 
Rotor en~ry an6le 

Rotor leavin5 velocity 
Rotor leaving angle 

Absolute leaving velocity 
Absolute leaving &L~le 

• ' ~C![fOI~er:t ) 

!C:r.y--onent) 
c:.r-: ,....0 
,,: I • I 

;-- -: • 1/?:.:::. '::!. 

:"'t. , 1::. F-.:: • 

r:.. /,:"" ~ ,...,, 
.l ~- • / . • ........ . 

12.:.5 f: ./sec. 
,,., , 0 
..,1U • .,J,.. 

1500 ft. / sec. 
40.5° 

1152 ft./sec. 
1c0 

It is essumed thet T4 turbine rrofiles ere to be us8d, end the 
r€~c ·:·~er:dations of:; ... ~.:::. repcrt ~17 \Vere follc'Ned: 
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·, 1,. = ! , ~-..... . ,; 
~ .::: ;;; b e-r = ·.:";·: 

T • • ..1.nc 1aF-nce = cc 

s/~ = C.7C 
8r:.::iber = 670 

Indden"!e = oc 
Throat Area = )670 c:q.in. 

FolJow j ng the rerort citerl, thA tctal Jo~~e~ •~re eetim, t e~ at ]4c 
eiving a stage ef •' iciency of 83.9%. 

Re heat Ccrnbus t ion Cta~ber 
In c.aiing perfc:-::c:..n ce calcu.letions, :.he ef:'ect of' c: '7i2: d '::' _:- -::,: 

cf re h9e t to 1200 an~ 15OOCK hlis be e n cons i dered. The velcc~ty 
lc:J.7i:l6 tl:e turbines ·.vill be 1]52 ft., '.3ec. If d:i3 be c: .:L.'f·~::-;e ,J, ~,::, 
500 ft. / sec., an 1:.:. rec. of 64 00 s<=i.ir:.. = 41..5 sc;.!'t. 11il2 be ~e ,=.-: u , . 
?or the st~tic Seh level c&ses th2 heat rele~se in tte r~hc&t s~~ :a= 
will tie abcut 100 or 240 x 106 CHU' s/'1r/c1.tm depending u;on the ~-:: r:c .:;.t 
tempers.tu.re. Using a figure of 6 x 106 CHU' s;hr/&trr/cu.ft. ±' er t ::e 
heat release we arrive at a volWJe of 16.65 cu.ft. or 40 cu.ft. 

Seering in mind the geometrical arrangement of the en5ine it is 
-'o"ident tha.~ if good di.f :'usion is obtained - :-:hich is ciesi:-:i~:::.2 ,.~~ -'--, ;, 
jet pipe los ses any7ff,y - i t ',vilJ bA e&sy to provide fer tl:-.e r:: c .::c:-:; t. -.~e ; :::- c:- ~: 
of reheat ccnte~~leted as a possible develo~ement. 

Gener~l Giscus.don of :'.)es:2n 
Throug!:cu~, the design, e"'.rer~r :~+.pmp+. has ~~~n - <7~e ~.o ,_;e :;':~.=t'-:-- ·-: -~.: ·:~ 

~};e V3~ue of· 3~ f fer tt:rh1ne ef-r~ciPnc:: u~P'1 1n c::1 rieasi :~r: -~n.-~ :--~-~ ·"' ,:,; · .. -= :_-.9 
·-rcrlr: ccmpa.res ;vH.~ a i'.'.'redicted ,ral·1e C":° ~'j.O'! . '"'r.:s ~::; ~c!"..sir0r,.,,.; ' :) ':e 
a ref:SC·neble vE,lue and Jpe ,res a Jit.+, ie margj n t.c -'-,rc>:e c;:;,:- 0 c +' 1-:.r.~; , • •• _ 

c.x~ected ac1d:itiom=:l lcssPs ::in -1- te eYr.au~t or ~c!':!':lus-1-.~on .'l~'s+ -=-1cs. 

In t.hf- cc~:"res~or e·.tent.ion sro, ;Jf be ~rc>wr to t""r :'('~r t "'. ..,,..,,,, ~- -~. 
·,alues of 6p/q usPd in th 0 1al'lt stages &re net cor:s ~r'iered exces<ve. 
The ~lose sracing, ab~erce of t~i~t and fFvourab]P ce~trifugn1 p+'~e ct~ ~i~1 , 
it js :ons i dered, make tbe:ira+,:efornent .,..o"'"1b1e. It::" fO"":ibJe to Jo•«pr 
them to values ~ell ~ithin usual -ra ti~ e by di~pen"~ng -i t~ •~e re ~~ 2•~0~ 
of radiaJ velocity in the 1t-"t. two or tr ree ste c es. P.owPver, ~>0 ,!u·.•,; s~c-~ 
a:ust be rerfor~ed some.,..,here, £n0, tbe cornbu!': t ::ion J=' f" r•'cr:. c, r. ·'. e '.!':- :: "1..::' .: '-'-r· i ~' 
we put up the velocity at entrance to the chambers. 

The otr.er note ·•,orthy pc-int is ;:.h& t the use of a com,:: c,n blade, aJ t l-:0ugh 
obvicc1sly desirable frorr: the ms.nufacturin5 viewpcint, rr.ec:r:::: th1:.: tl-:,.:. 
t 1r:.n, stage blb.de ctord is 0.2". The f-.cynolr:s' r:U!~.oer :., t s e~- .:.~\·el -,~---:S"­
.:-1' •v1·1 1 be., ? x· , ....., 5 . ..,1-,1·1e at r::.c •O· r 1~+ et I,) ,., - ~ ' ,. ·-- ~-- r~·,. ,. 
U.1. · . , ..l .)•- .L.V I 't u! • _,,. )\... U '-'•, y ul.. ... - .i.• \... , ~ v , LJ •. __ '...I.;. . -.,, , .. t; 

0 '77 • ,or::. , • ·t ·1n - 2 O 1 2 ,r5 Th' · -i~l • '-'- 'n ,. ~~ c- ·- e t' • , ,{ ~ , , ana a 11 - • , • X ..1..U • • 1S H • .J.. resu ... " .J. .- " .-.v--~ ·-

?lOrk c~:rc.ci ty of the fir~ t one or two stagE>s which rlill in t!..u-:-: 10:0 :.:£: n the 
• ·,1orkini,; incidence in the follo ·.vin5 :.,tac::es so t,hi::. t. tb:, cc~r.-re.sso:: ·:1il l lose 
;:rcissure-ratic. 

i,!ay 4 tt, 1953 
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Ge11erc.: Dfocussion of Jesi'7n (Con~inued) 

Little direct evidence on the impo~tance of the Reynolds' number 
under tl:ese conditior,s is avt.1la:Jle to the wr :. ter. Increase of the 
blade chords of the earlier stages is pcssible, and has no serious 
aerodynamic consequences. 
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1:;P.-:-.,-~.,r ~• .--- +-, r~ Pe;".rocr-:-:Bnce 

~he bas1s fer n 1J pPrfcr~cncp ca J cu1e•icns is ~he cc~rre3s0r 
characterjRtjc i1a~r!~. T~e ~Pasured c~aracterist1cs of a six ~ta?R 
axioJ f1o,v cc~pres1>or were used. tt a measi1rt?.d COTT'-:--ess:on ra+-, :o c: 
3 to 1 the mass f]c\V '9fas suitabJy ~ca1ed and thP eff{ciencies correctc.d 
to give 34% at the design roint. Tr.e~P ch£racter1stic~ are r1ctted D~ 
F~,:.l. '!'he ...,cr1.:ing lbes fer ZPro f}ight \la~h nu.'7:ber, :•.1ach number C.~, 
end ~/ach n'..1,;;bers e_: rea t c r "".hen 1 .0 ,,re 1>hr-n. ::'er f ,}·f· t.1..:rhi:1e, ~n ~:e 
s t~s~y s t ate, ~t -tich ~\e~9 5s ~nly every 2 1 ig~t ~ ~i ~t !n inctie~~~ 
C".rer ~-~c wtcle ~crkin~; range, a cons-'-.arlt ef~j ~iF!'1CY o: 35% ~as as~ t~~? 1·1. 
':'°i•-• ::.. r ~~7 :: . ..,. •• .:~ ,,r,..,_-:. ..,-~ ... ,, '""',=. ,~ t h ! , ' ' ·' J:-:- l t, + / . t:.. ? t 1"': ., . . •. C,. L. ~ •- :::,•.due .u,.,s 7'F . . aSwu , . . " C • . n ~ :.i ... 4/ . 31•3 .. o o ,, _ e.. 11 ... . -'. 

cc!".d .2. t:.:.r:s. ~h~ ca } :;1..;.~ ~ ~: ~:.0~s ·r.e rt=: ... &de Oj·" ~.::~ ~~s:.::.l ~P.~.hc~-~~ c:· .:..~~i.-: ; ·-- :"f. J 

c::~•-p,...--s~ -j. ~ c,,,, ~~,::-: h,...s"c cr-•:. ,...,_ ,""\ .... C\ris ·~ -; ..... <:.": -=-,- '" - s r'r-~ri ---n ~: .: t.• -: ' • .. - ,-.......... t ,- • ;- ..... 1 ~v- •• • .L ... , v d. .. - i .. u.,_...., ., __ _ v
1

•l..,...; oJ. ·_. -·-·•·- V J. .. ...i G._, . _J:::.. ~ ~ .:. .. , ·.::. •• -4 

.::; ~.; ·1·.,..,_ -~~ +s .~~ ·.!~/P " 1P r:- p 1 · 'T .,,,.. , • ; - •-+ 1 ~ ,.-._, __ _ 
_, .':,-i: ,.l5 :- ... Ov v- "·""l l' -/ l"·t' 41P1 ana 4'"1 '-'Jc:.~u.:Ju ·•,V-,• •• '- '-' 
these fo1· given entry coDd i ti ons vrle cc :-:;:lete Ferfor~:ance is easily wc~::.:ed 

out. Figs. 6 ·and 7 rlot thrus-:. and specific ccnsumpt:.on for ·rnricus 
fli6ht conditions. 

These curves are plotted frcm data tabulated on sheets i - vi in the 
ap?Pndix, on ~hicb o~her relevant data rnny be fcun~, in~l~ding value s 
of +.,he ,,e l oci ty and r- ressure co::ircnents o-Z t~e _gross th::--ust, c...r:d the 
in-:a~e G10~entum drag. ..:.\t hi :ib speeds the ::·,:-u3t is VP.r'J se ::s~tive to 
s.: i:rh :_ errors as it is a s:r.all di.:"ferencc :,et ·;een the .::::ros s tLrust a::d 
the in r ;:ie (irc.g. :'he accu~t;.cy &~ speeds e.bove t.1n .= 2.!.J is ~% e.n!J aboat 
2.5% at lower sr~eds. I t shculi bP Prrphasis~~ tta~ e~ s; Peds ;rea· er 
tl-c e. n ;,~n = 2.0 t.~e thrust :is very sensi.~:ve to ~,r.e sha-;:-<> o:~ T, :-'.c. coc;:-rP ·,s~r 
c~ : =-- r::. ct9r:is -r. :cs - ·.nh~c}: canr:o~ be ~X8.,~tl:t e~~i;ntPrl Bt ~ -;"' _!s s~agQ • 

.,.:-1 0 s-" snc'm i!'I "':i~.~ E!"F' ',F>:fo•,Pd tc he s1L~h+ly ,:orc>e, f'rorr: +r.e ·:1,:;To-:.::t 
cf l::L;L 3;~'ed -pr-'or"'"'.c.r!~"', ".:-:ar. t.hcsP ~,o ~f' ex-.ec+ed, P. S ';·e ~f:VA ~~~• ;:::r:P·: 
t he cc~~res~~r rrr a s-e 11 Pr 1e~vin~ anPle ~h~n ► hp ~c~~res~cr whcs~ 
c~a rFcter i. stics weie e7p1oved. 

~ransi?.nt FAr-'or~anc~ 
~or \ he. t.ran~~P.nt ca]cn1atlnns ~h:, ~or.irrp~~or ~l-:rncterj:=:+1cs "'Pre 

extra-r: o]l: t e~ dc·.m tc 2~ Clf' t'h=• '1P"~ f n spPAd. In or'.1Fr tc arrrcx:i11Fte 
t h~ turbjne rer~'or"'en~e, t he '"'.'E.:~s "'1 o"" '"'as a1>!"'J rr p,j +,o :1e ~c:1 ~,:r-011° ~ by -:-,p 

gui,.;e vanP aret;.anr tr.8 1-,urb.ine -rpc:esure ra t io, ...,1-:~1p ~1,.!" e"" " :i er:c-;• "'a2 
&ssurned tc vary OT", .. -·Hr ~re ''P.:ue -c" ~.rf' re:io (:: 11./'fj)2 -:- 6'r/ Tj where 

,~r is thP :s i:•l'!troric tem.rerature drcp. Tr.:ie.: •:ar:istion :s ~hewn en ?:;.3 
cm(~ was ta\en from rig tests of single stagr:: turbines of \::e sa -ne wc::-k 
ceFacity as th£t rroposed. Using assumed jet rir.e ~hBracteristics the 
cur7es stcwn in ~:i j . a ~ere ~rerared, a~d then m~~ed ~ith tt9 cc~rrpps cr 
c~~r~ctFr~stics. Etich rcint yieljs a value o~ thr~st, f uel ccn2u~rti0~ 
·· ·~rl t-h c. ,.., ,,+ cl- •• ~. • orr· ,c. "'· '· in- ~c:J·c sluas-""t2 f' cr t,'·n·"' ro'i• · r - - ~en-G. ~'--4 ld l o;;;- ~.:. i:;..,, ~,. -'-4 ..:.:.., .J .__ u. .... • l.~!'-- .. ,o :_.i I O .l. .. ... ..., !- C.:. l. ,U1 :l • .o. _, 

of: ir..ertiL, Ne c~nvert torque to dN/dt, Rhich is :;clotted on Fie;;. lO as ::t 
~ t· ~ -- ! Im -~/rr-.1ur.c icn cl .,,-.1 .t l c.nc 1y .-1 . 

To calculate possible ac ,::elcratio :-: times, values of 1/cl~ / dt were 

:.'.ay 4th, 1953 
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i r::e~~:·2 r.sd ·::: .~.n Tt-; E: -; e ct. to :-; • •d? F.:.~ S~ ~: ::-.e c: 

1:1= ~-.; -r~er:l :\~:.1:: r. 5 t c .... ·J £.~~ 1c0 -:r SJ> .: t~d ,~::~ 

tf :'..1::+. c11rve.s agai?:s t :. ~r: E . 

-:-~, ., ti:ce zero is e. t 160 ~ .P.''• and t :: e :~ :r.e t.o accelPn.t,e to '3 00 ::; .P. ;.i . 
i~ ':"l se ::: cn~s. From ~S% srPerl + )- p +. iri:P is ahout 4'"' Sf' :cn (i s. '"' \,p c;e 
values ~ust not bA te~~n too exantly, ~s consirlerp h)P Axtra rnln~i on wes 
neces~ary nt t he Jo~er sr Feds, en~ ~c a]Jcwances wPre me~P for Peync~~s• 
nur,ber effects. Hcwev~r, H is beli~ve~ t hat +,he ..,~ gures erP a 1.:s ,,, ~ul 
inficaticn. ~he engine should be sel~ runn i ng et 100 r .~.v. 

c:.'~le w:i tn igr1:ticn 5.t 7 =.. - 3C ~-- .r.:5. £: fjd by :n te ~rrc ti: or. :~~r: c; a ~ .. :7.-.~ of· 
~bcuL 2 5 se ccnds from Oto 20C ? .P.: 1

• :'galn t hi :.,; shou ::!. ,-J be t a '. : c- r.: c.S a 
f irst a~rroxi~& l icn rather ttnc an exact es t jrr&t e , a~ a lot of e~t~~r c2~: i cn 
is re½uired. 

Ge:; ner_§1-.l,;:s cuss ion er} Fer : or :u .• r: ce 
It will be s c~n t ~ ~ us e~ul ~erfcr ~~nce r&~~e is ~~6!:et:e fc r 

t~:e fl.i bh t S~t:e ds ccnt;idere c . At ~lt:.:.t!~e, m~xi~:. u1;. t :::,us t i :=: a. :~ ~-_::::, ·l:·-•i 
c. t r,1n.:.:l.7 bu:. the f&.ll off at Mr.-=:.::.:- is net ve ry ~reat. ! ... ,-;;o ie:: :. ~ ::. ();A;: t 

cf n -heat ( r..o l.::CC°K) 6 i '1e.s mere t ;.Gl,n 5C% incrH:.Se of ;:, .hr'...s";", &.t iJ'.:-.-- ~. '.-, 
!?.nd redt.:ces spe ;ii'ic ccr.surr.; ~ ion. In cal :ulat .:ng consu:-:-.:;::ticn, ~:: 
all c71a:ice h&s beer: ::.&dE z~ cr 0.:1.y pc .. : si:~e :~al.: of f :r. ~cr::bus:-; .:. c!~ s::-- l c: e:-:c:t 
a ~ ex t re~E al t itu i es. 

T!: :.; st..sr t :.nt; c!"ld acc~.- lera~~ ion 1·, i mes ar n r:ot. a-t al.:!. ·1n ?"·-=•c. scr ablP, ti·:-? ~ .:. ~e 
o:~ 45 s e co!!ds fro~ :.Cling to rr,e x i r:11'.:: R. . ? .... cc-r.&r : r:..; -.,i~ :! ;i :Jc ~"!": ~ .sec nr: ~s 
fer a t'.C'rVer: t~onal 6 i:::cc l ~.t:.n.:st i:in.:_; inP. '!'hi3 :. :, a 7' 1o ~t or c-f :c :. ,.e ;,::d 
s-ince t.he ra "t.io ·Jf the ;:or.- !:nt cf .ir..er:.:.2 to :.ass :-·J_o".'! i s a'.1c~i~: ::. ~!.:- ~;1- :.', 

and the . f' . )? . a~cut an ~56:'.~t}: th d . ..,er a ~C'ffVPnt .;::: r.aJ e!" ;?-i nP, is ' u :; t 
~~6 ~ ~cc d be ex~ ected. 
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I~ ~Cr'" .. '...:]s.t1ng t.:·~.'? [;~!"O~~.rnc ;11 it} ~P.:~ :?ri. , ~'t, ,~~~-·~ r0°~ ·; c,p ·· r:t, t .Fr::rt h:";~ b(·en 
rr.f. :~ F to bF= ccn~erv;t:.,,r. t\erod?ne:rice1:7 th~ P~ g ::r.~ ~crresrr•nc!~ t o 9. 

ccn·:enticnc.l encir>P c :' &.bcut 19i7. The,·e j~ cr·~:: er-m··nCy n ,.: rel:-7', ,iee1J 
cf develore~ent potentie} built into the de~ign. 

The '::c~r:t:.§E.2£I 
An . efficiency of 3L% for & J to l ccmrrP~sicn r&tic is very ]cw, 

and a cc::siderab]e irq:rovemer.t shct:.ld :)t=, possible. TLis enc::ine , ir: 
cri:er to n:eet the hii:;h s;::-(·ec:: fli 5ht requirGment, nc.s "' surr-l 1~s c: tc.~:e-
of; r,o·,,er. • By restrictin6 the sea level rerfcrr::1..:.nee er c...:cey-tinG scme 
sacrifice .i.n efficiency, tLe corap·es;:;cr cculn be desi6rii:c t c, r,,,ve its 
Ot--~-: :L.·v. effi~.iency :: t :.1 e Cf F,.;r b. ":.i:\~ ~cint c1t. flis :1 .3~ee :~5 , 
32¼ ~cu!d then b~ ~er~e~tly f easitle. 

T~o ~o~presscr ~~ss fl ew c&n be in cre&scd slightly if neec ~e jy ~!~;:y 
tolPrEting a hi~~~r first stage ~ach number et se& level ~i t h a ~8!n 3 
sacrif:ce in take-off ccrsu~r-~ion to 6et mere high spcsd thrust. Cr. a 
larePr scalP by siffir ly lPngthening the bledes, more mass flew can be 
handled at some exrense in ~eight. 

~res~1.;,F. loss fr et.or "'l:i ~ J 1-,e o" di:rect hFr:Pfi t, ·-:1 ': if an 
·""!"'\ ...... 'r'·("\n ,,.t · -r"'1•r.:.;,_.Jon,....:;::,.~ "~ """~ -4 so~ o"' 1 r- ~--: , , ~~ ,~ ~'"'· --~,.,~ -, P ,, ~ - . ·•- · .· · ; ~" . , ... .. . , f', . ·P. .. . , . ,8_.T ~p .. ;:ii=- · L -

.:~J,:':'7 1nC:"P8SP -::\"'.:7,;":cut- ":VF: itjn;_; :°'C!" a rp, r1u-~'!'ic,n ~n )- hf1 2c :: a 

':!:e ~u:rbi~ 
.:'. >~aJn t . ~. (: ~: :· :· •~i:'!P,.; c·"'l.-.~C7-=-n ::;.r o+"' ~c.J' :s _ ir:"711,_ ~r.r. ~r. ... -.o c·t, r:'!!" C·1.•.1 -, 

e ~ t ~ ::--- ~ t .p ~t~ £•:,~~•~ 'r,.c•_+_pt· +.}--~ n -~~:{ . ~h:. ~~ -:-.:-; :~() c ·" .""! ..... ·r--:_. ".'" r : c-- · :- i:-: -. 

Tt, s.i::.(:.e un-i:. .. .isted b1ecP. 1er.c1~ H~eJf very ea~ ::~ y -,c fE;br.:.~.:;.: ::-.:,,: -.~_, i 

an ::ntf:rr.1al ccolin ,:; rE.ssnge ::or a::r ccoljr.g ao; a,.y ~r.cr r- r se ::n ;:: e r-:::,,s::bl<> 
JT.c.Xi;-:-,ur:: te~:;:er&ture results in a ltirgt:> in ,:re&::e ir. r:ett t\::-- 1-~st &t h:. .:): 
sr::: ::ds. 

The effects cf :he _;:cssible im:;::rovec.1ents in ccmrresscr end r,ur:.iint: 
efficiency wilJ g:'..ve "'n Pxtr~ 15% cf ~nrust c:-t r,ln -= ~. ~ wit hcut 1;.r:y 0t.r!er 
cr:onge. 
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