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% action by the
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accept items not in strict
complience with the spec-
ification ere matters for

Period of tests:- July to Lugust, 1943 . ~.m‘%.§
a
.. Frogress of issue of report | @
: Report No. ' 5 L5 Title !
1st Part of A.& A.E.B,/809 F.I, 323 = Veighta and loading data.
2nd do, F.N.323 - Carbon monoxide contemination testa.
i 3rd do. F.N,323 - Flame damping triels with resrward

facing multi exhsust pipes.
.\
1. Introduction. { ™/

b

Y

Performence trials have been made on the Helleat airveraft,
The tests were however confined to sltitudes below 28000 feet.due to the |
" unsuitability of the magnetos for operation at higher alt:l.tuﬂ.es. |

e Tests above that altitude will be mede as.soon as modifica-
tion to the magnetos has becn incorporated, and will florm the subject of-a
further part of this recport. (s

2, Condition of airecraft relevant to tests,

2.1, Genersl, The Grumman Hellcat is-a 8inglc seater, low wing fighter
powered by a Double “fasp R-2800-10 engin€, “and intended for carricr based
‘;!Eerutiﬂna. It is of all metal construction except for the control surfaces,

ich are fabric covered., The following werc the items of external equip-
ment fitted:- (L

(i) Six 0,50"\ealibre machine guns, three in each wing, and
with fairings around the gun barrels at the lecading cdge. The muzzles, but
not the ejector chutes, were sceled with fabric,

(ii) Retractasble mein wheels, tail wheel and arrestor hook,
the latter being stowed in the cxtreme rcar of the fuselage,
(1ii) “Ain Beriel mast, just behind the pilot's hocd, with an
¢. aeriel running to &y short mest on top of the tail fin,
_ ™. Thc lead-in from the eeriel enters the starboard side
of the fuselapge. ™
e Eiﬂ I.F.F. eerials from the tailplene tips to the fuselage.
.\ "(v) A whip acrial on the fuseclage top approximately midway
between thecockpit and the teil fin.
A\ (vi) Cabin heater air intakes in the lesding edge of the
- wing;« just inboard of the armement,
(vii) & Kollamen type k.M.5816-2 pressure head carried on a
;Im:.. from the leading edge at the storboerd wing tip; deteils are given in
EI -

2.2, Engine installstion snd limitotions. The Double Wasp R2800-10

I?ng;J}u Zgns 8 two atoge superchargcr. The installation is shown diagrametically
m 18. -

i One stage of the supercharger, knovin as | ain,is in operation at
oll times, the other lmown as Luxiliory can be employcd in nddition and has a
two specd gear,

- There is an intercooler between Auxiliery and lain steges., The
cwhumtto:r in 'bch_‘-ssun the intorcoolur and the 1lain stage, ihen using }Main
stage the inteke air passcs through an sir cleoncr. ‘hen using Juxiliory
;tngctigw;var the sir is not clcaned but een by selection from the pilot enter

rom orvard facing cold esir intekc or con be drawn in from the cngdne
thus giving werm air, e el kA

Courtesy Neil Stirling
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er control hes three positions, Ne:
The following tablc shows the res
end of heving the air inta

The pilot's sup?rcharg
fuxilisry low, end Auxiliery high.
hE:ﬂmg the le:rcr in any of “these positions
at hot or et cold.

- ilot's |Supercherger /Inter- | Air supply :
|sup§rchargtr pungager.‘: cooler in | Tiith pilot's lever|With pilot's J.I"Nr
control or out at cold air at hot air,

| osition | . ,

- ﬁcuiraf Fein stage | OQut |

| | ey ~ o d

YO ~fMain stago | R $3- T

lhuxiliary fplus auxiliur}] In forwerd facing cowling - not
intake = not cleaned

1 - A ..J&Tl_ﬂ_r: speed s & TR
(— jHain stage | p

. clcanecd

lhweiliory  plus ewxiliary In _; -
‘_high Jgt high spced | S b Q

o
% Position of hot and cold air control has no effecct vhen using main

stege on i.e. pilots sujercharger lever ncutral.
The cxtemnal air intake hed a stonc guard fitted,

The cxhaust systom consisted of ten indiwidual pipes spproxi-
mately 2" dia., eight of which uach cerried the cxhaust fram two cylinders, J
the remaining two pipes being cech connected to a single cylind.r. The systum
of F.N.323 wos fully deseribed and shown on a photogreph in the 3rd Pert of this

Report, It waos identical with thet of ", N.322 used for these performance
tests,

The following cngine linitatias applied at time of test:-

| RPN, " | _Boost (ins of He.)

: i (a1l supor- | High and

L e cherger goars) Mein | Low Aux. |

Take=-off (1000 £t. or 5 minutes 1im it) 2700 : 54 - |

Climb (continuous) 2550 I b Ly

fll=out lovel (5 mins, linit) 2700 [ 52.5 52.5 r

[: lax, for cruising érich mixturu 2550 L Lt

" " LL .“eﬂl{ n 2200 5 2’ 5 j 2. 5

lex. for diving 3050 | 52,5 | 52,5 ' _

The enginc fitted bore the following numbers:- / §

Mekor's:- 6115 4,10 :- A/5937,

2, 3. Propcller details :=

Yeke and type
Type No,
Sorial No,
No. of blades
Diem,
Rototion
latorinsl
Fitch range

: Hamilton Standard Hydromatie,
: 23 E 50 - 499,

: 338777

33

: 430 - 4

ek H.

: lletal

; 269 - 65°

2L, Flap mechenism. The toke-off end lending flaops which wurc of the

slotted type, werc

operoted by
control being

intorlinkege boetween port
for the flaps on onc

“ons of rn clectro-hydraulic system; menusal
ovailable for cviergency operation.
the flaps could be sclectud as desired, the flap
indicator comnccted to the port wing flop,

Any intermediante position of

position being shown by an
There was however no mechonicel
and sterbocrd wing flapas, and it wes thus possible
side to be at o different engle to the flaps on the other

side, The calibretion of the clcctricol flep position indieator is given below:-

_Indicatod sctting B L ) 05
| Yonsurcd sotting  Inboard flap_r 3 10907 [21°-0° L =5

_ (Port side) Outboard

L

10

119-209169-50"

2,°-35"| 47°-10",

/The flapa
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The flaps were spring loaded so that spced had to be reduced
170 Jmots ASI before the flaps would start to lower. The flaps would not
comc down fully until specd was reéduced to 93 knots AST,

2.5. Loading., The oircreft wes loeded to the normel typicel Service
load of 11400 1b. with the centre of grovity 27.8 ins, sft of the leading edge
at Station 75.

Fa Scope of testa.
The following tusts were done:-

(i) Position error correcction by the aneroid method in level
flight with fleps snd undercerriage up.

(ii) Climbs in both lrin and Auxiliery Low Speed supercharger geers
to 28,000 ft. at the best climbing specd as determined by
partial climbs, The climbs hed to bc terminated at 28,000 ft.,
because of internal sparking in the megnetos experienced at
altitude, -

(iii) Level specd measurements ot maximum permissible end masxdimum
week mixture cruise powers in Mein and Auxilisry Low Speed
supercharger gears between ground level and 24,000 feet.

(iv) Determinetion of the optimum flep setting for take-off; taoke-
offs ot verious flap scttings from 0° to 50° (full flasp) being
mede from e grass airfield,

L, Results of tests.

The clirb and level speed measurements have been corroccted to
standard atmospheric conditions, and the level spceds to a weight of 10850 lbs
i.e. 95% of the take-off weight, by the methods of A.& A.E.E./Res/170.

The teke-off results have been corrected to zero wind eand
standerd stmospheric conditions by the mcthods of R & M 1172. The take-off
run in zero wind has becn correctcd to that obteined in a 20 knot wind by the

formula:-
20 2
Szu = ED (1— —?.') »
where Sg0 Teke-off ryn in a 20 knot wind
n

5o
'

" " p zcro wind
Takc-off specd in knots.

o n

4.1, Position'orror corrcction. The position error corrcction, shown in
Fig,3., was found to very lincerly from +14.2 mph at 300 mph 4ST to +8.3 mph
et 100 mph ASI.' "\The correction to the sltimeter, whun connccted to the
statio side of the airspecd system, is given in Pig. 4.

Ly 25 Climb performance., The rcsults ere given in full in Teble I end

shown plotted in Fig.5. The following summerises the results obtained with
cooling gills half opecn and o0il coolor flap fully open,

!

slax,  rate of climb in Mein supercharger geer
L1 L] L] " irl ;.ux' LﬂWBpﬂL‘d ] "
Time to rcach 10,000 ft.
20,000 ft.

2260 ft/min at 5400 fect.
1880 ft/min st 20500 feet,
L. 65 minutes
10,0 minutes

nnnnmn

Chenge geor height 9200 fect, ]
L, ;. Level speed performance., The following rcsults given in Table
IT en own graphically in Fig, 5, werc obtained in Mein and Auxiliary Low

speed superchergers with cooling gills and flep closed.

Yex, T.A.S. at max. pcmissible power (rich mixture) = 315 mph (274 knots)
at 2000 ft. in Xain
supercharger,

Mo, T.A, S. ot max, peérriasible poner {l"i*'_‘h r"'l_:.-_[;m-._;:;. = }?1 .I":Iph {3)22 iﬂ'.u:lts)

at 18700 ft. in Aux.
Low Speed supercharger.

/¥exinum
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-.J'l'-
= 288 mph (250 knots) at 11,1@1_.

. 'ﬂr ¥
ot max, weak mixturc pow in Main supcrcherger.

Max. T.h.S.

£ oo, uweak
mﬂrg;u;e 1“;;“ = 335 mph (291 knots) in Auxiliary

Low Speed supercharger

e¢=off rTun and
Toalm=off porfor [NCC. - (i ard atmo herie
Ll -t e —Llﬂp B'I'I.Elﬂa in zero wind and stand ap

- th at varying I { :
ggﬁzﬂgrﬁ;nam shown plotted in #ig, 7., whilst the VeTIaEan o

with flap engle, ond of the distance to clear & 50 foot obstacle, arc giwven
in Figa, B end 9 respectively.

True air Speed at 2k,

The results (both obtaincd under the conditions of test and
corrected to zero wind end atenderd atmosphere) are given below:-

Indi-|  Atmospheric Under conditions of Corrd. to zcro wind ﬁt@ [ Takc-of 1|

| i tandard atmosph run in
. diti . test : 8
‘Ei:;di Grofugﬂ{l[aruﬁrn%:?femﬂakﬁ'-of‘f' Dist, to |Pilots |loke-olf |Dist, to |TAS at | 20 knot
14:I temp | presa"..—'irri1 Tun Iclnar 501 LST run cla;?g?' take- wind
[mg F °C |Ins Hg/mph | yds I yds mph yds yds.~ |off yds
1 el | (imots) ) | ixupte)
4= e~ o] ;' 85 97
L0 | +18 129.64 |Zero' 350 | 665 (‘%} 320 /s 635 Lgl;} 185
| PR s B e
R L e O [ | . 325 'r 610 fgg_} 305 580 (B; 175
' BT R Py D | - | , _
B e it | 305 | 585 (68) 290 580 83) | 165
f [ | i 1 | 77 : “('a%
| 1 Lo bt 280 Rl S5 (g;) 275 540 (76) | 150
lsof & ' & [ §! 285 | 470 #5cac)silstoes wss | (78] 150 |

It will be scen from sbove thet full flap gives the shortest
teke-off run ond distence to clesr & 50 ft, obstacle.

Le& 1. Toke-off chefecteristics end technique. There was a tendeney
for the eirereft to swing fo port, but this was not serious, snd was resd
corrected by spplicotion of rudder., The teil wheel wes locked during take-off,
The teil of the aireraft wes not reised during the take-off run, the aircraft
being ellowed to fly itsclf off, There was ample take-off power ond the initiasl
acceleretion was high, It might prove dangerous to attempt to raise the tail
on 2 burpy gress eirficld, es the propeller ground clearsnce is not large on

| this aircreft.

It wes found dcsireble, when using full flap, to have the
clevator trimmer sct 4 divisions nosc-up, to ruduce the foree ruquired on the
control column st tekc-off. Zero clevetor trim was found best for the case
ofino flep, and at intermediate flep settings the clevator trimmer me y be
edjustcd in proportion.

Imnediatcly on becoming sirborne when using full flap there wes
noticesble lateral instebility end a tail hcavy change of trim; these conditions
quickly disappeared es speed wes incrcescd however, It is felt that this
Yerporary chenge of trim nmay prove troublesome at night, cspecislly if the
centre of gravity were further bock; under these conditions sbout 20° flep only
should be uscd at takec-off,

5. Further developments,

Further tcke-off trials using the optimum flap sctting es
determined sbove erc to be made ot the overload fighter loading; these, with
engine cooling and fuel consuption triels, will form the basis of further
parts of this report.

/Teble I,
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TLBIE T
Performence on climb
Weipght:= 11,400 1b. <Cooling gills 5 open
Intercoolor md oil Cﬂf}ll.-l" i‘lgp ful Y open.”

\Standard [Rate of | Timc from | .51 | T..S oost | Supep= I
J height Eulim‘b start | mph | mph R P.M, ' charger
| yoet | (Pt/idin) | (ifins) ! (imots)|(lmots) | _ J_(.l!la of fg) | ol
! 0 225n ! 0 TR - - 1 - | Hedn
| | S = I
i I | (SIS0 TE5 |
2000 ' 0.9 1(130) _|(143) 2550 |  4h.0
f ' B i 170 !
|__4000 J 1 1.8 (148) L ey
| I |
x 5400 / | 2l - (G o2 0 N
l | F | 1?5 —t : ]
6000 2200 g s | (152) H L3.0
1 [Bewl 80 '
8000 i 2000 3.6 < jeo ] [ 135} | . 150.1 mnw
. ' I 183 | . — &
9200 | 1880 | b 25 * |L 9} | 1 /’7@;} low speed
1 il H | |
10000 | g J(15:2) e s e ! .'
| 12000 | sz aén. || |
e pEa - ld | | | |
4000 | | i BN D [ 172 : |
1 ’ | . 204 3 l [ |
16000 | : 7.8 | (177) h ]
[ i | 211 | | !
8000 | | Hegen 8.9 - (184) | -« b ol |
[ | I 219 i r 1 ;
20500 et b 4025 N/ 1(A00) QeiNP | 1" - Nt ' =3
| 22000 160 | a4 | (127)_ (190} | 1.2 |
i , ! THE | 1172)"" ¢ PR =i PR P S 1
i 2,000 1400 3. 55 I (12.31 _-_(.‘H..J._J_.. L._i___ﬁ.?;u_.h,__._.hq
| i BES 5 :
|_26000 | 1120 13.95 | (120) _{_9_-,.} s o)t i 5 5 ]
| 1 [ 136 | 223 *‘ | |
| 27000 | 980 1520 AP LME SR (ABIE) sl Renp oy Ve 330 . -
t _l ™34 1 2 ! 1 ,
28000 | 840 1641 b (116) (195 b i, 32.7 ' Vi '
~— # Full throttle heights, # Chenge gear height,
TLBIE II
Level speed performance
‘lean weight:- 10,850 1b, Cooling gills closcd
s tm.rcur:.-lt.r and oil cooler flap shu‘l:
Stm;.rlnrﬂ T.:.E i .hSI | Lcrraehml' . Boost - ! Supercharger
height ' m. p. h. RUP:IS, | Mixture |
feot (‘:muta]tl.'mta! { P.E. |C.E. l{Ins of l'gg)_:__‘ i gear
315 292 ! !
]! 2000 '!2?11-2 |§23[|_% ) -'r-1£|..ﬂ:--'D.‘;? !I 2700 _52.0 ;utl:: rich| lfain
ENIN 2 | | i
L000 | (273) l(i’h?) +13.7! -1 Of{ELME ] 48,6 - 3
! T e i 555 __— TAuxiliary low
£ 6000 |(272) t{z;a} 1,,.-1 O L e T o e _
1323 | 20 | ; , e T
8000 |(280) [(238) | +13,31-1.3 | | I b |
332 : 2785 ot | ! Sy T 2 e | :
10000 |(288) |(257) | +13.30-1.3 N | |
341 | 272 | ] T TR S | ; i
12000 L_BE} '(EI:E-J __ 1 #13.51-1.2 £ ’ J | i
| 270 |2 R R R e
14000 j}m) (235) | +13.30-1,4 | | * Jloms |
*, {359 [ 268 | e e s e e M T el
|__16000 (312J 1(233). | #13.21-1,0 | N/ ] ! 1A IR o T

/Teble contd.,
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T.BLe II contd, ‘ Rea it
Level spoud perfomaance e -
‘icen weight:= 10, J}o 1H. Cooling gills closed B
ke reooler ond oil cooler flap shut 1 —
e e ; Boost Supercharger
Stand "Ii_‘l;d Tjh; : ‘]'_‘;}'T.; | r‘ur:; CtlﬂnTR y= oy l [lxtum
height | mph | W — = 2L ar
feot Em“ﬂi(h;giﬂl';m' C.E. | I(I!r'-w.-- of HE)l ___E_;arr g
{371 i ! :
18700 | (322) | (229)_,i.+.13-‘5:0.-_9__,5.’1‘?3:’—*[[-— PRz !‘c‘”‘t” cloh ___opecd :
] 370 | 258 o i '.-
20000 | (322) | (221,_] |4+13.0{-0.8 | L et '
}59 | g.!p._a | 1 |
| (324) | I . (215) '+“IE.?I—D 7 4. | 45,8 L
sofi | 239
&
1 24,000 | !3”‘*} | _(208) |+‘I" 3I CI':H v | 42,6 R _¥'__
| 235 [ 20l | < \-’?
: o | (e07) ; (197) +12,0/-0.6 | 2200 33.0 huto Wﬂk_......T 4
| 27 | 228 | - &
| 2000 | (,»:15} (198) 1+12.11-0.6 |
: : [ 230 |
| LDOO | {223] | (200) | +12.2.-D.6 L
| | 265 | 231 1 =
6000 | (230) | (201) |+12, zt 0,6 .'b
; | 27 231 |
BOOO | (2 aFJ (201) | +12,2]-0.6 | o=
i I EJ [:23?2'} | | ¢
|__10000 | ga, 202 |+1 21-0.
‘I 268 232 . O St
e 11100 | £2=oj | (202) | +12,2!-0.6 | |
sres G L) ezioel | LEKD M
| 12000 | (21,,9] (498) |+12.1! 1=0.5 ] |l 31.8 l &V
Lf r— éﬁféj ’ ng;) | A A2 T Ruxiliery low
: 1 | +11, .-ﬂr..r.F s A
; ! (zaa | 224303 k| _F‘“‘Ta el e L Epﬁed
|__ 14000 250) | (192) ! +11. E =0k | ' '
=| T 1 i i = T i
16000 | (259) | (192) |+11.B!-0.3 ! |
L 307 |- 2205 | |
|_18000 | (267) l (151) |+11 B{-0.3 IS
| Yy A e v T = T
| 20000 | (275) | (191) |+11, ﬂ|-—ﬁ 2
i 219 1 |
22000 | (283) 4 (490) |+11.71-0.1 |
1 s iy B ; | ! G
2000 | (294); (489) |+11.71-0 | l_=_.h, L $ 3]
¥ Full throttle heights
# Change gear heights
Circuletion Iist.
C.8.D. A.D.R,D.E,1.
D.0:R.D, D.AL.D.R,D.E. L.
D.G.A.P. (Tech) L.D.D.A N A, 2 copien
D.T.D; A.D.R.D.N, 2 copies (1 for nction) |
D.D.T.D. R.D.N. 3.
D,.0.R. T.P. 2,
D.D.R.D.A, Chief Overseer
D.D.R.D.T. C.I.Accidents
A.D.R.D,T.1. D,P.CiA. 2 copien 3
A.C.4.5.(TR) o A Tn2ilg)s
D.R.A.E. l, copies AL 3.
R.D.7. 3. 0.C.Handling 3
D.E.D. T.D. Adrin copies 1
D.D.{1%E.D.E. R.T.P.2, 35 copies L
D,D.(2)R.D.E. R.T.0. Blackburns, Brough 2 copies

*“-; e L I
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3™ PADT OF REPORT N° A.t AEE

HELLCAT N 322 - el

PRESSURE * HEAD POSITION

DETAIL OF APEARTURE.

TYPE OF PRESSURE HEAD. ANSB!S-2 R4 VOLT SER._N° 4904 _ KOLLSMAN.

RATIO OF APERTURE OF TUBE TO EXTERMNAL DIA.OF STATIC TUBE ___ SEE SKETCH

— e — — — —— —

INCIDENCE OF MAIN PLANE (ADTACENT TO PRESSURE HEAD}_' o° - s0

— e e — — — — —— — — .

2 ANGLE OF STATIC TUBE TO CHORD OF [4AIMN PLANE_ : + |

BNOSE OF STATIC TO MAIN PLANE (MINIMUM DISTANCE)__ il

S T " o L aUEPoORTINGLETRUTIR . = . . e
4 i wl
Z » " .. W 4 CHORD LINE e T BN = e ! . e
L
O . " " M.P. LEADING EDGE(PARALLELTOCHORD) = 94
T
EGTAWMC Holes To eTALT (MeaN). . . . T _gfa_
CLENGTH OF CHORD AT SECTION 5-3"

MMATOR aXIS OF STRAUT.

"
174 AT PHTO 3" AT WING

NmMiNOR  » “ “ + ij:.ﬂ
CISTAMCE FROM PLANE 7= SYMMETRY - 2o’ = Ia"
e e T s e UNDERSIDE ST RS IR N
Ll B ) S - e ) I aj'. 4"
FATIO OF THICKNESS 70 CHORD OF AEROFOIL SECTION, %

ADTACENT TO PRESSURE HEAD, 8/o

e e e e e — — ———
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AMATIC ADPDANGEMENT OF AID INTAKES TO
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TO MANIFOLD
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= AR CLEANER

A 1O MAN SUPERCHAROED  wreEr
AURILIAD Y nun:ncmnuﬂ:n 5 INDPEQATIVE
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SPEED PERFORMANCE.

(DCuBLE WASP -~ 26800 ~10)
MEAN WEIGHT ~ 10850 It
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ERROR CORRECTION

WEIGHT ~ 11,400 Ib
FLAPS AND UNDERCADRC AGE ULP
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