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Aerodynanic Decdion and Perfopmence Pradistipon ol the

ATy ey
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- 5 /
M Mass flow lo. /ser,
£ Fuel flow  1b./sec.

P Totzl Pressure rp.s.l.z,

3

Totz1 temperzture ©X

rg

Thrust Jlb,

] el illa

SEC Speecific fuel eonsumpilon 3
SUFFICES
Bl dlen

a tmbient

1 Comrressor inlet

&) = — =OT 49

% ~eomoregsor outlet

APS)

e B -
urhine inlat

ida

4 Turhine cutlat
v Velgeity comronent of thrust

)y Preseure ccmrerent of thrust
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17 Tarfarronea Pradistisn of

ard smallest nurver of hof ED
desizn with air ‘eav‘n* glmest z

recogn:sed the sgzrific e Ty DN
caiculaticn shcwed tha uh assunac efficisncy should be attainabla.

Ccher mejor considerations taken into zzcount were:=

a) The desirability of using a modest Mach number zt the firsi
rotor.

b) The desirability of having the final radisl discherge velcoity
into the combustion system diffuser as lcw =5 pcsszible.

¢) The advantege of using & common blade profile for &1l z2-g eas.

o

Ch-seof Triangles = After several prelimin&-y
ound ~net & good compro-ise could he mede by using £ 45
C7.AJ.JSO of 0.3" chord. Cascude data on this profile was
from work of the Gas Turhire Engineering Division at 4.7 .Rcef
In “iew of *he low angle desizn cheosen *there was Iittle —irtue
an inlet statoer. Cn tre OT“Pw rand it diminished cepacity, ‘ncrrased

2

losses, and rresumebly woulé he a rotentisl sourcze of izins “Jarger,

3

3

i_.l

e 2

;::cr*inq’v the steteor has heen Aisvensed with and the air =2rtars fhe
3

first rcter redielly.

Teinzg a relati-e Mach nurber ont- the firet patar oF 0,72 & =
%Y
.

ressible 4o derisn “or the roguired tamrerzture rice {(=ith a 1%

and at the sare sire 5~ raduze the rediagl welccity frem 823 7%

entrv o 426 ft./sec.et the ard of the “inzl e<stor. Dus e

Ffirinishing ~orr dore faator the aiages risers sre furt shent 28
:

stite of *re increzsing rchor sreed,

—r:e I “i eg Plﬂp eg e

relceisies taken from gl

a stage efficiency of a

the velues of ictal znd e

rzdial areas requirec fc i .

noted that z loss cf total preusure f 0,46 r.s.i. was allcwed for the
intexe (AP,3 = 0.13). If relie-ing dcors sre fiited tixis loss may be
less, but will then serve &s & mergin for developement. The ccmpressor
rerforrence is summarised below in different ways:

a) Delivery total pressure frcm inteke total pressurs:-

Befdo . ssassvvsssavsawses Jobd
3 ~ppoz - ~
Iserntropic Z8ficiency ... 37.3%

Moy R ki a2
‘.4;\‘_’”7 ut.., 10:)

”;‘N oL
{ (An‘»,...

\vi_v“i Vi §



Aerodynamnic Jesizn and Perlornence Frediction of tae Znisine

) Delivery *total pressure from Atmosthere:=

ds ~0
Pable ssessviane covnsnnain I
Isentropis TF°iniensy ... 35,35

[e]
~

Delivery static rlus A0? dynamic pressure from 3trosrrers:-
Ratls seivusay
Isentropic Fff

e 0000000

3.00
;‘J‘E‘ncy L ] 93 .2%

No allowance hes been msde “cr the cerﬁri”u*aT comrression e feot, which
w111 be abont 4% of *ke temrerature ri=e us The s izkt evira vrassure
ratio will i-rrove per‘ormance, pa”t:cuxarTy at the higher speeds,

Bleding - Using Howell's metheds the czscade periorrance of +he
hes bren estirated and rerrecentative c?arr’es are ~iver. in Tabl=
The “irs* is fcr a cascade set at 3/0 = 0.7y 2.B, = 3,000 = 37,
the secerd for 3/0 = §.5, 1.8, = 2.C,&1b = 32,9, peprrecniiags an
at the rirst end last stagzes. In calenlating the stege el“izisonnies
Hcwell's date

a e
s b used, It is considered :fa®t in sc

2 (D W
M c
s}

ha far ss
secondary and "annulus" drag is concerned this is ceonservative, The
untwisted blade with constant 1ift coefficients sran-wise should diminish
the seccndary loss arpreciably while the centrifugal ferce on the rc=c

blzde shrouds should diminish the "annulus" drzag. Cn the rotor olades,
n e ke ‘

centrifugal force will act on the boundary 7ayer cn the cconnex side and
should help %o xeer it thin, On the cther hund the radial ciflusion in
the blading results in high rressure rise loadings, although the smzll
space/chord ratio reduces the rressure gredient end the 1ift ceefricisnts
are

.’ 3 y . ed =z g
over the design value, A% the desion Mass ®low it is consfdered *fha* toe
assu~ed 397 stage effiziency is a shade conservati-e sco there shenl? he
nc 34179274y in realisinz the desioned zonditions, It shou'd he rrted
that no allcwarte for czcrrressibility is wade since *he maxi-urm Yach
nurber is 0,72 ~hizh is the esiimated critizal Yazh nuhesr “er the
first stasze, £t altitude and high sreed the orerssing Y¢:h numoer is

well below this

.

In ccnsidering of f=design cenditions, the use cof the low eta""or blading
civesrelstively flat :hara:teriﬂtizs, while =e have acdeopted a ﬂes:cn with
e thrruch the zomrreceor. This =il he’“ to ensurs

increasing inciden




lercdvnamic Desion and Ferformence Pradiction of the Fnoine
| SN ' =
‘-,“"
s 111 the angine Tende {feslf ad=iradbly to rcrme Trrm of
2 i L ERS vrys PR - 4
"ennujer! i hen & muY Birle ecan turs. SR S
Mg be a ™ ca ""r‘-'v'\ cn 1o ,Aw&-—inv tun 2377 <s
g ! 3 Ty g &l on Luces T ing .oy <3 .
. ; s
rresents e ccmbusticn rroo]e" ard a mc;:an::a' D”Oﬁl?m cf grest

magnitude, which will recguire a corsideradle ¢
In order to avcid any mssibility of delayring
result of combusiion trcubles it is believed
the prctctyre machine to use a number of cornv
combustion performuance can easily be verified :n « low tower rig. A
rzther uncenventicnal air intake syster is neeuec to previde zccd
distrihution to the flame tubes. The inlet velocity will be <5 &

and it is hored that the profile will not be toc distorted, A
schere is shown on Lucas drewing HL 31%,, :3'n  conwversiongl les
tns fleme tubes, but develorement of tn~ irte-<s 1.:is on an &ir’
saculd  be put in hend as scon as possiois. . Same bur s s
be regarded as an interim mecsure to give tire cr develorement
form of fully "annular® system,

Turbine

The turbine mean blade s“ced is 733 £+, ‘zec. Assu~ing 27 air
erd zas lezkage and 1.57 fuel additiom a heet Jdrop of 3C.. 7HU'I/T:x/fsec, is
demznded, This necessita* £ 1750 ./ sec., or .24
tives the blade sreed, =wrich 117 Jue &% * Ftlal
arrengerent of *the turbine, i vi*h higeas
o¥ ccnctart sran) and +b’s, £ prenTIrs
ratic ecress the turbine ne vik = in*g
*he exheaust grvster to aVA*i P ser he
rive a slizht degree of re hoafed ayignae

h oA pean redius of T22%, MM radial shord; aznd 236" RVede BEve,

the folvowiny Tizures speaifly the surb’ne Yrisngie~ grd Bihedinegs

lczzle leaving velocity 12k t,/een,
o . H (rudis? szexrorent] 230 £, %sec,
L " " (whirl :c:rcnent) 1523 £, /rec.

liczzle leaving angle 57 «T9

Rotor entry veloccity 12,5 f£+./sec.

Roter entry angle 38.2°

2

ft./sec.

(-
<

t\
O wWwm
W
(o]

Rotor leaving veloccity
Fotor leaving angle

V]

Absclute leaving velocity il
sasclute lea‘.rl.‘g cr.\-_‘)le

O
o \n

[

I+ is zssumed
reco:rmendatic

w ct

het T, turbine rro!

of !

files are to be used, and the
HeheTo roport R1T7

were follcwed:

d

U,,y th g:?
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'workin: incidence in the following sta_ges sc thet ihe

-5-

ferodvnemic Desisn and Perormarne Prediction of +he

Teter R'cdes g ln = 6 e
“zmber = a1 °
Incidence = 8}%

Sta~cr Bledes s/0 = 2,70
Camber = €70
Incidence = ce

Throat Area 1670 sq.in.

rt c't 4, the tctal Joszer were estim: ted at 14°
“icie f 82.9%.

Rehegt Cembustion Chamber
In making performsnce calculetions, the ef’sc LPeE
of reh=st to 1200 &nd 1500CY hus been considered.
leuving the turbines will be 1152 ft. 5ec., If tkis s
50C ft.,s sec., an wrea of 6400 sq.in. = 44,5 ag.ft. g¢
For the static ses level ceses the heat relezse in the rencat srsial

will be abecut 100 or 240 x 106 CHd's/nr/Atm de“enc‘ng Jaron the reiest
tempereiure, Using a figure of 6 x 106 CHU'a/hr /atm/cu.tt. for the
hezt release we arrive at a volume of 16.65 cu.ft. or 40 cu.ft.

Beering in mind the geometrical arrangement of the engine
o

avident that if zood difTusion is obtained = which is desi for law
jet pipe losses anywey = it will be easy to provide fcr tre medect deirss

¢f reheat contemrlsted as a rossible develorement,

Cenersl Discussion of Desizn
Threoughcv* the design, everwy sz**tempt has
The value of 347 feor *turbine efficiencr uged in
werk comperes witl a predicted value of 32,99,
a reascneble value and leaves a 1it+7e marezin to
exrected additionsl lcsses in *the evhaust or ncw‘m<“or~ svstem

P—i

r the comrressor e*tention should bhe Arswr +to twn reirte i
values of Ap/q used in the last stages &reé nct corsidered excessive,
The :lose sracing, abserce of twist and Tevourable cerntrifuzsl ef“ects will,

it is considered, make tkeir at*asinment rorsible, It e poseible to lower
them to values well within usual -~rati:ze by ﬂlepene ng +~ith the refgetisn

“ad

of radial velccity in the lest two or three stesges However, the S on
rust he rerformed somewhere, end the combustion pcr Porman e may suflsp il
we put up the VFIOC;ty at entrance tc the chambers,
The other noteworthy pcint is thet the use of & comzcn blade, althsugh
obvicusly desirable from the menufacturing viewrrin*, mezrs thet the
first stage blude clord is C.&", The Feynolds' number ot sea lzvel niie=
off will be 3.2 x 1C ’ while at “C,;Ou ft., &t Mn = 1.0; it will orly oe
0.77 x 105, and at in = 2,0, 1.2 x 10°, This ﬁill result in & loes of

¥ | .

I

work cepecity of the first one or two stages which will

rr2ssure-ratic.

Mav Lth, 1953
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Geners Discussion of Jesisn (Continued)

Little direct evidence on the importance of the Reynolds' number
under these conditions is available to the writer. Increase of the
blade chords of the earlier stages is pcssible, and has no sericus
aercdynamic consequences,

Mey 4th, 1953
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Stpndy "+-+a Perforrance

The besis for all perfermence calcule*icne
charscteristic ilagrem, The measured characterist a
sxial flow compressor were used, *t a measured comrression ratio of
3 to 1 the mass flcw was suitably scaled snd the efficiencies corrected
to vﬂve 34L% at the design point. There cheracteristics are rleotted on
Fiz The working lines for zero flight Mach nurbe-, na-h number C.,5,
mbers r*oa*rr “hen 1,C are shoeown. :
which *hers ig cn7" e very =’

+
4 2! 2
wr.cle wmeorking range, a "Cn"‘a it effizien

30 0w

im0

Ll

'. v‘\. 3 2 G TV
rlcts J“?/rw, -/P v" P Pg/bw end
given entrJ co*uWVAOns e ccrplete
gs. 6-and 7 plot thruss® anc specific
fiight coqdltions.

These curves are plotted frcm data tabulated on sheets i = vi in the
aprendix, on shich other relevant data may be fcund, including values
of the veliociiy and pressure compenents of the gross thrust, wnd the
intaxe momentum crag. A% hi:l speeds the uhirust is very sensitive to
sligh’ errors as it is a small difference hetween the sross thrust end
the intexe dreg, The accurscy at speeds asbove Mn = 2,0 is 5% and sbout
2.5% et lower speeds, It shceuld be erphasised that et srteeds greater
then Mn = 2.0 the thrust is very sensi*tive tc *he chare o compresser
cherzeteristies = rhich cannot be exz~tly estimated at g0,
Thases shewn in Wiz, ere bBelleved tc he sli:k*7v worse, e visawoin:
cf hizh sreed -erfor~once, *thar those to be exmectad, as e have desfzned
the cemrressor for e smeller leavine angle than *he ccarresser whese
charscteristics were erploved,
Transient Perfcrmance
Tor *he transient calenlations the zomrressor chzrescteris*ics were
extrarclzted down te 207 of the desicn speed. In order te arrroximete
ths turbine rerformenze, the musg “low was aesured ‘rolled by *he
bol
\

gui~e vane ares and tha *h*b‘nc ~reesure ratic, wh* 79 tha o4 sjeney mas

aqsumeﬂ tc very on’~ —itk tre value .¢© the rat IO LVQF-)Z - fo/T3 where
is the isentrorpic temrersture drep. This Va?*&*’on is shewrn cn 7i .3

and was taken from rig tests of single stage turbines of “he same wcrk

capacity as thet prorosed. Using assumed jet rire :h

curves shown in Fi:, % were rre*ayod, and then meted wi
cherecteristics, Each *ﬂint yields a valus oI thrust
Lor exi < fer

rlctte

I v Pz
1/dk/dt were




ith respect to . e assumed e value of T3/Ty = Lelt up to
falling te 4.0 gt 1007 speed end on Tig.llae plonted L2 spee
wrves against lire.
Tre time zerc is st 16C R.P.'', &nd the time to accelerste to 3C0 F.P.X,
iz 71 seccnds. From 25% syeed *te time is g u* 4% sezonds,  These
3 ehle extrapclaticn was

1 e i
values must not be teken tce exazctly, zs con

ec Fary at the lover speeds, end rc allc
ffects. Hewever, it is believerd tha ,
cr. The engine sheuld be self running et 100 T.F.V.

Thartine

To mate & rcugh setirete of the =tarting performencze,
metering pever is “eun? by extrarcls+ticn to be abeut 170 x fs
and the sterter mector !{s ecssured “c deliver 170 H,F, gt 1CC F
to deliver this B,%,~wver 2 sroed rerze ’rcr 2IC LaiLTTe dgwn ¢
celcw which sre==d a zcrne-ar* ,cr.x is i3
grels with igniticn gt 75 = 30 *.F. ¥, 1te Tin
sbcut 25 seccnds from O to 200 .P.! gain thi: be
f‘rst arproximaticn rether then an e>act estimete, as a lot ¢

Genersl Ciscussion cn FPer-oriulce
It will be secen tre- & uselul performence range is &
the fiight speeds considerec. At sitiiule, mexdiun thrus
&t Mn=1,7 bui the fall off &t Mn=c.% is nct very great.

~ Y - % ° .
cf rehest (to 1<CC9K) gives mecre t.an SUE incregse of Lnru

end reduces spe:irfiec ccnsumpiion. In calsulating consurnp
aliowa“ce bas been zude fcr any peasitle Jall off in ccombustlice:

The starting end acceleratnion *imes ars not at all unre;
of 45 seconds from idling to wmexirum R.7.”, co-pering =i
fer a ccrventional 65CC 1%h,.tlrust ensine. This 5 a ¢
since th P

e ratio of the morent of inertia to mass “lovw is
end the T.P.¥, ahcut an eighth that “or a scnventispal
wrah weculd be exrected.

s were mzie for Revnelds!
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am

In fer-ulating the serodymemic derion, evary poeeible sttemrt hes

3
rede to be concervs tive,
cenventicrel engire cof ghcout 1947,

cf develorevent potentiel built into the design.

o

The Scmrresscr

Aerodrnemicel’y the encgirne

sorresrecnds

There i& crrnrcecuent

-ya

vres

in.efficiency of 3472 for s 3 to 1 comrressicn retic is very lew,
2ni¢ine
surrlus

and a ccunsiderzble improvemert shculd be possible.

crier to meet the high speec flizht requirsment b&s

ofi rower, By resnrlctinb the sea level *wrfcr

sgcrifice in efficiency, the courresscr ccula be desiénec

optizmelficiency
Akt '-'lCl.l:;.i ;1.‘;,,.1 }-\_;:

SO J wasTa -~

The compresser muass flow can be increassed slightly
tolereting a higher first stege Nach number zt see
g

sacrifice in take=-cff ccrsumpiion to get mere high

larger scele by simrly lengthenlng the bledes, mors

handled at some expense in weight,

The Cembustien

Tne to ke lov
restrict the mass flcw which can use™i?ly he used,
;ressurp logs facter %ill he of direet bhenefit, -u

nt'efficiencies 1s mede, some of it may be

5]

«

e

3 ’!)

my m b .
Y Veen

;8 113701 e
— e e e

H v e 2l - At e -

Sealin the wreumen e y of 255 dg Trw, 4

ey he+ v b A Th<a w4 ) -

estirste gupoeste heltpr than IRY, Thig =973 We ¢
5 5,5 & i S oy s TEERET s - D —
steads zs it %37 rrevide g 'it4le avtre gross *hrust

s
4 o Tem A Piig £ 8
iNTere arag Or IUel ecnsur~iicon.

Tres sirrle un*t~isted btlede lernds itself very ose:?
terrel cceling ressege for al

r ccoling aunrf ary
urm tempereture results in e large in.resce in

2
crease W thout veitding for a redustion ‘n rhe

™. &
L1338

N nee

Wit Il df&
thrust.
flow can

esaure rstio, the ccmhus*ien sysiem

is

rediurrion.

rearott

The effects of the pessible improvements in cempresscr end turvine
efficiency will give w«n extra 15% cf thrust at bin = <.5

change.
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