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This Report deals with the effect of introduction of wter+injection on
clich performonce in auwdliary low gear and on level speed performance in auxiliary
hich genr, The effect of the higher ranifold pressure (60 Iig) ollcwed by the
use of wnter injecticn, on performonce is as follows:- O\

Clicb: The rate of clinb is increased by 650 £6./min, (fron 2570 to
3160 £4/0in) ot all heights up to 11,200 ft., the fUll throttle height using woter
injection, \

Level speed: The true level speed #s, increased by about 20 mph (17 lmots)
up tc 18,000 £t., the full throttle heighfsusing water injection. At this height
the true level specd is 377 mph (328 knots)“compared with 367 mph (319 kmots) at
21,800 ft., the full throttle height for %he naxiium panifold pressure pernisaible
without water injection, )

Scrie difficulty was experiencéd in obtaining the correct manifold pressure and
woter preciure but ~iter adjustment of the boost capsule and the Miater Repulator
Unit" the water injection sysgten functioned satisfoctorily.

;[ Introduotion..

Level speed ferforrance hos previously been necsured in all three gears Main,
Awdlinry Low and Awcdliary High, on Helleat aireraft (8ce 4th and 20th Parts of
Report No, L&\FE/8Q0), This Report deals with the effect of the introduction of
water injentiag om elirb performance in Awrdliary Low gear and on level speed
perforpance in Mudliary High gear,

2, Gondition of rirernft relevant to tests.

“. \2.1 Generanl, The Helleat II is a single-seater low wing fichter powered
by o Déuble nsp R.2800-107 engine and is intedded for earrier-based operations.
I tis of all-netal eonstruction except for the eontrol surfaces which are fabric
covered. The following provides further detnils of the external features of the
aircraft tcoted:-

(1) ‘ixvenent consisted of 6 x .50 in, Drovming guns three in eachwing and
with no fairings around the muzzles nt the lending edge. Tho rmzzles
and ejector chutes were sealed with fabric,

(11) Retractable main wheels, tail wheel and arrestor hock, the latter
being stowed in the extrese rear of the fuselape.

(iii} An nerinl moast behind the pilot's hood, with an cerial running to a

short tast on top of the fin, The lead-&n from the acrial entered
the fuselnge on tne starboard side,

(i‘-') I,F.F. whip-type eerial underneath the fuselage o short distance behind
the trailing edge of the wing.
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(vi) BSenled cabin heater air intakes in the leading cdge of the viing,
just inboard of the fung,

- 2 =

(vii) Faired bomb rack situnted onthe starboard wing centre section
Just outboard of the wing root bbout three feet frau the airerart
plane of symmetry. No bomb load vms, however, carried during the
present trinls,

2,2 LAirspeed systen. The pressure head, o Kollsarn Type AN, 5816-2 wins
nounted on the starbonrd wing tip with the pitot and statie sides connected to the
airspeed indieator. (See 1st part of Report for details), .

2.3 Engine number and limitationa, The engine fitted to the Helleat II
tested wns a Pratt & Whitney Double Wasp R,2800-10i, Mokers No, Iif 3659, AM No,
205079,  The following engine limitotions applied at the time of test:= Cﬁ

s A8

o

; R.P. 1, ' Ma.n.prena.ln.%%. [ (51}
Oondition With | Without Width out| S/0 ge
‘ water | woter vrater winter .
Take-off - 2700 = | 54" F_%.n q
"Jcn‘nat (5 mins, limit)[ 2700 2700 Gl 525" \_ ) Main

(57" in Mein) (Rwdliary Low
o~ Awdliary High'

~ Main
Maxirun cruising - 2550 - Q\MI-" weiliary Low
b, ¢ uxiliary High

2.4 Loading, The trials were carried Jﬁtﬁa‘% fighter overlcad at a take-off
weight of 12,220 1bs, C.6.32,3 ins, aft of datun (w/c dowm),
2.5

Engine

installation and water in E‘btiun systen.

€.51 General, The Pratt dnd Whitney Double Wasp R.2800-10W has a o=
stage supercharger, cne stage of which, knom as Main, is in operation under all runn-
ing conditions while the cther, Jnovm as Auxiliary, ray be employed in addition and
has o tio-speed gear, Further dethails of this systen noy be obtained from the Lth
part of Report No, ASARE/809, 4

2,52 Water inj sction gysten, The results of turning on the water L
supcly in this installation ares~

l:i] B r..eatl.ej*:ﬁ.d" quantity of Tlm.ter is injected into the induction systen
Vith the fuel, at the impeller nozzle at the rain blower throat,

{ii_;_}_ \Unldecrease in the fuel/nir ratio,

Tha use of weter injeotion allows the increased manifold pressure to be used,

see para,\2,5 above., This is obtained by opening the throttle beycnd the gate after
turning onthe wnter supply.

The wmter otorage tank fitted to Hellent II aireraft contains 12.5
Inperinl pallons,

When the wnter injection systen is brought into action by operating a
turbler switeh (rarked "ADI" - anti-detonant injecticn) in front of the throttle
lever onthe left<hond side of the cookpit, the solenoid valve is opened and the
vater pump started, ater is then deliversd to the "Water Regulator Unit",

This "Wnter Regulator Unit" controls the wmter pressure and the mte of
wittadh fI_I.m'r. The arrangement is such that water is metered to the engine at a
rate Which depends un the fuel and nir flow through the carouretter,

The wmter pressure in the hipgh—pressure charber of the "Water Regulator Unit"
should be, according to the makers, within the 1i its 17 1bs/sq.in, #1 1b/sq.in.

To avold froeaing, a mixture (1:1) of pure water and aleohol to
specification AN-A-1B is used.
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Snope of tests,

she Jprograuac sms arranged to obtain directly comparable tests with mnd without
vater injection during the course of ccah flight to mininise any possibvle discrepancy
arising from vorying corrections to ICAW otnoapheric conditions, 2

3.1 0Olirb perfornce. Ileasurenents were mnde At ecnbat power with and
vriithout the use of woter injection in Auxiliery Low gear with engine cooling gills
nalf open and oil cooler and intercooler flaps fully open at the best elinbing
speed of 150 mph (130 Imots) ASI (see 4th part of Report No. ASAEE/809) at heights
between 2,000 ft. ond 15,000 f£t.

3. 2 Level speed performance, Mecsurenents were onde with and vithout vinter
injection in Auxiliary High geer at combat power with engine cooling gills and
0il cooler and intercooler flaps closed at heipghts between 11,000 ft. and 25,000 ft.

5.5 Functioning of the water injection. Some notea on the meshanical aspects
and beheviour of the water injection instaollation were made during the progreas
of the trials (Sece para. 5.) .,4-;'3‘3
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I, Results of tests. ‘M e
Y

The rcsults have been corrected to standard IOAN atmospheric cdﬁﬁtiona by the
methods of Report No., AZAEE/Res/170, a supercharger constant of /0,002 being used
and the level speeds correoted to a mean weight of 11,500 1b. . (aferoximately 95
of the take-off weight). Compressibility corrections to the F{u}ﬁic&ted speeds have
been made in accordance with the methiods of Report No, A&AER/208.

The position error correction used wos that ns 1;:-32;:.’3@5‘@&. on this aireraft and
given in Ourve No.2 of 1st part of Report No. ASAEE/809yedsuitably corrected for
weight, N

4.1 Climb verformonce, The perf'nnmncei_”-':in"cl:i.mb is given in T,ble I and
Fig. 1. The results are swmorised as followg:—"

== dMox. rote of climb (ft/min,)

i Standard heipht (£t) and rer.‘.o.rkn.. f With woter Without water
e : . injection injeetion.
2000-11, 200 (FTH in Aux, Low.reer
with water injection) fo; 3160 (2510) 2460 s
15,000 2510 (2510) 2460 =

The rate of climb dg increased by 650 f£t/min. (from 2510 to 3160 ft/min.)
at all heights up vQ 11200 £+, the full throttle heirht using wvater injection.

¥ (The napinalivalue of manifold pressure on climb without water injection
(522" Hg) wag ncteobtained, The walues given above in brackets are those corrected
to tl)lﬂ' nordng Iy lue of manifold pressure and are indicated in Fip. 1 by o broken
line).

4.2 lével speed performance. The level speed performance is given in Tpble
II and #:g.2, The results are suminrised as follows:=

Max, lovol cpesd 7.8 - t5)
Standard height(ft) With E | Without ’
and remnrks, Water injection |water injection,
12000 _354 (3508) 335 (291)
-__% 377 _(328) 357 (510)
21800 367 (319) 367 (319)

e M{hihrtmﬁl]::;el Elﬂncﬂ.iﬂ 1:'.::1*&&;-::1 by about 20 mph (17 kmots) up to 18,000 ft.,
s ot e eipht using WVater injection. At this height the true level speed
EI-J.& hﬁS.}Eté f@utaz c@apared with 367 mph (319 knots)at 21 ,800 ft,, the full

€ gh or the pax. borst permiseible w7ithout water injection,
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During the first part of the test flights, it was found that ingsufficient
boost pressures werc being obtained both with and without vamter injection, It vms
found that the auxiliary boost capsule, which controls a butterfly valve in the
air inlet to the auxiliary supercharger, required some adjustment. Ground and air
tests were mnde and after further slight adjustment, the correct wvalues of the

manifold pressures werc obtained
Hg with water injection).

(52% ins, Hg. without water injection and 60 in,

Trouble wms also experienced with the water pressure., According tothe nnkers
specification, this ought to be 17 1lba/sq.in, + 1 1b/gq.in., but in the irst
flights, consistently high readings of the water pressure were obtaineds, After
adjustment to the "Water Regulator Unit", the desired values were obtained.

After these adjustments had been made the clirb and le?el-fﬁfgeéd performance
tcsts weeere-comenced and no further trouble was experienced with either the manifolc

preasure or woter pressure,

The pireraft manufacturers

state it is importantithat correct adjustment of

these controls be made on indiwidual aireraft by Tlight, trials to ensmre that the
correct vnlues of manifold and water pressure ore obtained.

6, Discussion of results,

6.1 The manifold pressure

curve fFig.'_i) ‘showing manifold pressures obtained

during the climb indicates that the full throttle heights are approximately 3,000 f't,

lover thon nmight be expected according to ‘the makers power curves which gave a full
throttle height of approximately 14,000 ft. for this gear, at 60" Hg boost,

Since previous climb performanee on Helleat aircraft has not been measured nt
combat power, no direct comparisén ean be made,

6.2 The speed-height dlirve

(without vmter injection) of Fig. 2 corrected to

@ rean weight of 11,500 1by dptrees favourably with points obtained in Auwdliary
High gear on Helleat I FN.360 (see 20th Part of Report No. AZ\EE/809)s The full
throttle height as piven by the results of the present trials also agrees reasonably
well with the previcus figure. The full throttle height (with water injection) as

cbfained now is in'elose ngreerent

withthat given by the rakers power curves for

the engine, \
Te Conelusions,
The"effect of the hipher boost, allowed by the use of water injeotion, on .

performance is ag £ .110W8:=

(1) climb The rote of olimb is increased b 6 1
o : e y 650 ft/min. (from 2510 to
3160 £t/min.) at all heights up to 11,200 ft,, the full throttle height using

water injection,

(1) Level speed,  The true level speed is increased by about 20 mph (17 kiss)

up to 18,600 £t,, the full throttle

height using water injection. At this height

‘Eﬂheatm-& level specd is 377 mph (328 knots) compared with 367 mph (319 knots) at
1,800 £t,, the full throttle height for the toximm boost permissible without

vnter injection,
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TABLIE I

Cligb performance (Aux, low supercharger gear)

Fighter overload, Mean weight 11,500 1b. No exteinal load carried.’
Lngine cooling gills half open, oil cooler shutters
and intercooler flap fully open.

S

'Standard | Ratc of | Time to| ASI | ionifold | {
[ height ;climb | height! mph pressure | R.P.H.| S/C
__fect | (ft/min) (mins) | (knots) | (Ins.Hg) | | _gear
s000 | 3160 I 0.65 | 150 TG0 | 2700 | Awxdiliary
L IR 2460 0.81 1 (130) 5175 | | Low
! 1000 | 3160 1.2 | ' 525 ok = [
: *_z_:_.iéu_ A D L 51.75 e e
b4 b o TR A I ST Fae0 Py |
8000 3160 1 2.52 AP e0 v, r ;
g0 | .2 e Sers bt ol =
0000 U0 HERS 15" By ' i
5 | 2160 | klos | 075 || b |
44200 3160 | 3.5k | 60 el ) | |
| 216{60 | lhgg 4 5_15-?3 | =4 |
3000 | 3, AN T P S |
20 hgﬁ%u .88 | b L SSYa o e |
1000 | 2 G SEATEa IS TN ';
7 | | | .
60 b SRR ] L S e e |
2490 | 491 | S e . N 1-
(R0 11 2iBa. 0 160 V il T |

The first set of values at each height is that obtained when
wvater injcction is employed.

¥ Pull throttle height, /Table II.
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TABIE II

Level spccd performance (Awxiliary high supercharger gear)

Fighter overload. Mean weight 11,500 1b. No citernal load carried
Engine cooling pills, oil cooler shutters and intcrcooler flop closed

uLﬂ TAS | ASI | Corrcctions fonifold
height ! mmh | rmh | mmoh s rgrwu.;.um Mixture s/c
| fett |(io n,u} i CEF iins,.Hg. gear
,' | 35k | |-i.D 12700 | Aut
| 12000 (3 Cl.) {2!;?} [#14.7 | =L .' ?DOF' 60 RicA ﬂuﬁﬁiﬂr‘y
335 1 269 |.4) .5 '~=.ﬁ | 52,5
I (’-"41 ‘I I:E'_;-J.p} A I: _.‘J_;..-_u. i| J |
r 361 282 | !
t (4146 | =L, 60
14000 "J‘“ : ﬂgg) | + b i |
| | 342 266 Sty ey | 52.5
_LL“:)_. r;;’a_i_._h__._i' |t
: 14.6 | =L, 60
| 16000 ( Lk‘z‘ (219) |7 J : | 5 §
v -..ll-r-_;| 'f_'|§ I+'T 2_‘_'&_ | "‘I_'_.E | 52.5 1:lkt. b
| ST — o
! = if s s s i B 6 i =t
18000 | (326) | (238) ”““si ok | 1 O
.)I'S & |t .n 2 ’ '“"--u"e
(_.Z?{“- (_”d‘-r- +14.5 | | ks © | 525 C;
3T | 273 Tl 61 =5.6 60 '
18600 5 28) | {gggj | |
i -:’ { +1l., i -8 | h2.5 ’
(310) L?) | = E' i
37 264, | . - I
11-1-1 + =)s | 6!5 ]

) (325), (229) | LI LS | ;
20000 iy S61 | oaks fiidyp L 525 :
{ _(Gt) | (220) | | L

RN e e M| 525 ' ‘
(3 ‘l'f') (218) | / 1
21 8‘{}0}‘ | 50 | = | | ' |
361 | 1141 | SR | | 525 |
L (319) | (217) | LN 1
366 | 249 | P 1
| EEODD -lr,., . |
L (f;a) (216) e Wil obn o ‘ |
2L000 3 = Gl * ; ]
| (7)) (@ioy |0 5.0 | v /=5 e
The first et of valugs at cach height is that obtaincd whon wotor maactian
is emloy oyad, % ™T.H., with vmter injection,
é Yo" yAthout 1 1
C.RaD. :‘:3 D.D.R.D.I.
DaT.Ba, \ LF.E.%.)
DEBIF‘- R-D-I- N
I&.u.%."f T.F.2,
D,D.R.D,T, C.I./ccidents
A D.R.D.T.1. R.D.T./ccidents
£.C. 4.8, (TR) Da Py e
D.D.L,FP, D.P.C. . 3 copica
D-R- .l.‘:L‘E E ctlpi&ﬂ L I- 24 EE

-E-g g 1.T,3, (USA) e

D.D. 0.0,Hondling Sq

.IJ. E...fR .D.E. R.T.P.(T.I.B.) 1 + 6.copies

E/R.D.E. R.T.P.2.(a) 50 copies
-E-D H.T.0, El-..ckhm 2 GUP.'I.EB
.&.D.R.D.Ed
J‘I-ODIR.DquE-
R.D.E,/.T.R.
-EiD-R-D-]'Ti 3 Bﬂpiﬂﬂ 1 for action
CJ.R.
D.G-I'T.R.
D, m,D,
R.D.N.3,
RIB'Q-H.
ReDLE. 7. (11)
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PERFORMANCE CLIMBS

IN  AUXILIARY LOW GEAR
WITH AND WITHOUT WATER INTECTION .

MEAN WEIGHT ~ I, 500 LB.
(NO EXTERNAL LOAD CARRIED)

- . ESTIMATED PERFORMANCE AT NOMINAL VALUES OF MANIFOLD
PRESSURE WITHOUT WATER INTECTION

ACTUAL PERFORMAMCE OBTAINED OMN TEST.

EATE 96.3 A5 CHECKED w3 w | APPROVED /7 5 D:

. I 1 WITH —_——
== WATER J

| WITHOUT
WATER | —>

= ki 1 =

i

J -
|
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' — o L =g BT
i
—~—— WITH WATER 1 .
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a™ PART OF REPORT N° AEAEE/BO9a] HELLCAT Il ~V 224 ] CURVE N° J068|TRACED | MP

l/ TIME TO HEIGHT (MINS) ‘ ‘

b 2 | 4 J 6 | it

0 10,00 2000 3000 50 62 64 56 68 60
STANDARD RATE OF CLIMB (Ft/min) MANIFOLD PRESSURE ~ (in.Hg)
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LEVEL. SPEED PERFORMANCE

IN AUXILIAEY HIGH GEAR
WITH AND wWITHOUT wWamTsR INTECTION

rAEAMN WEIBIHMT - 11800 Ib.
(No ExTERNAL LoaD cmnlsn)

v
5 inﬁ
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