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jrd Part of A.& A,E.E,/783,a, | F.L.220 = Carbon monoxide contamination tests.

Lth do, FuL.220 = Clinmb and level speed performance and

position error,

5th do, F.L.220 - Engine cooling trials,

6th do, F.L, 220 - Radio trials - Communication sets.
/th do, F.L.220 - Cabin heating tests,

1. Introduction,

Fuel consumption measurements have becn made on Kittyhawk II F,L,220 fitted with
a Merlin V,1650-1 engine, This engine is fitted with a Bendix~Stromberg carburettor
with automatic mixture control, with rich and weak mixture positions of the control
lever, 1In this carburettor, fuel for weak mixture operation is supplied through a
single Jet, On moving the lever to the rich position, the mixture is enrichened by
fuel supplied from a further jet. In addition, for high engine powers, fuel is
supplied through the power enrichment valve, which opens against the action of a
spring at high boost pressures,

In addition to measurements made with this normal carburettor, at the request of
Messrs. Rolls~Royce and with the approval of M,A.P. y further tests were made with the
carburcttor modified to give automatic enrichment at high boost pressures when the
lever was retained in the weak mixture position, The modification consisted of a
weaker spring in the power enrichment valve, so that this valve came into operation
at lower boost pressures, thus compensating for the absence of fuel from the rich
mixture Jet, These tests were made to provide information for a proposed locked
mixture control system on Merlin 28 engines fitted in the Lancaster ITI, In this
case the mixture control lever would, of course, be deleted entirely,.

24 Condition of aircraft relevant to itests made,

2. 1. General, The principle features of the aircraft were:-

3ix O.5" guns, three in each wing, The muzzles protruded about 3 in, from
the leading edge of the wing and werc tape~bound, but the ejection chutes under the

wings were open,
Aerials from the fin to the wing tips and to the rear of the cockpit,
I.F,F, aerials between the side of the fuselage and the tailplane,

No aerial mast,

An oxternal rear view mirror above the windscreen and slightly to port,
A landing lamp fitted in the port wing,

Fittings under the fuselage to take an external overload fuel tank or a bomb,
but neither of these were fitted when these testa were made

Slots in the under surface of the wings for bomb racks,

Curtiss Electric, three-bladed propeller of 11 ft., diameter with netal blades,
The fine pitch setting was 263° and the coarse pitch setting 564°,

A Kollsman Type D24k V,D.C, pressure head on the leading edge of the port wing,
Details of the exact position are given in Lth Part of Report No,A.& ALE E./?BJ,a.
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2.2, loading, The tests were made at a take-off weight of 8,910 lbs with ¢y,
centre of gravity 24,7 in., aft of the datum point, Due to the expendifure of fue),
the mean weight at which the fuel consumption was measured is estimated to have been
8,490 1b,

2. J« Engine limitations obtaining at time of test.
Manifold pressure

Rl Inches of mercury
Maximum permitted for take-off 3000
Maximum permitted for level flight

(5 min,® 1imit) 3000
Meximum on ¢limb Ebelnw 20,000 ft.g i 2850
above 20,000 ft, 3000

Maximum for contimuous cruising in rich
mixture 2650

Maximum for contimious cruising in weak
mixture 2650

Js Scope of tasts.

Fuel consumption measurements were made using a Kent flowmeter, with the normal
carburettor, under the following conditions:-

(i) At 10,000 ft. in M.S, supercharger gear, using weak mixture at wvarious
combinations of engine speed and manifold pressurs, Engine speed was
varied between 2650 r,p.m,, the maximum permissible for use with weak mix-
ture, down to 1600 r,p.m.; at 1600 r.,p.m. it was difficult to maintain
height and a steady airspeed even when using the maximum obtainable manifold
pronsure dn wock niiniocs The yesults given in Table I and Fige.l have,
werofoee, boon diceoatlnrd at 1700 r. p.m,

Manifold pressure was varied betwecn 38 in, of mercury, the maxdimum
permissible using weak mixture, and the minimum at which height could be
maintained at a steady airspced,

(ii) The results of test (i) showed that the engine obeyed the minimm

s Pem, = maximum boost law, i,e, maximum renge at any airspeed is obtained
by setting the throttle to give the maximum permissible or obtainable
manifold pressure and then reducing engine speed until the required airspeed
is obtained, The tests at 20,000 ft.,which were made using both M,S, and
F.S, supercharger gears, were confined to measurements at these minimum
r'sPeM. = maximum boost conditions,

(iii)At each height measurements were also made at maxdmum all=-out level,
Jaximum climb and maximum rich mixture cruising conditions,

All the tests at each height were made with the radiator duct gills in the
neutral position,

The carburettor was then modified and the mixture control lever locked in its
week position, The tests given in (i), (ii) and (iii) were then repeated, 1In
addition the fuel consumption was measured on a climb to 33,000 ft,, using the
maximm permissible engine conditions for climb and the best climbing speed as found
from partial climb tests.

4e Results of tests,

In all cases the speeds and fuel flow measurements have been corrected to
standard atmospheric conditions by the method of Report No.A.& A E,E,/Res/170
(incorporating A.& A.E.E, Memorandum dated 27th August, 1942), The position error
correction used was that measured on this aircraft and given in the 4th Part of

Report No,A.& A E,.E,/783,a,

As stated in para,2,2 the mean weight at which the fuel consumption was
measured was 8,490 1b, The weight of the aircraft with full day or night fighter
load is 8,980 1b. Allowing for the fuel used on climb, the mean weight on a renge
flight at 10,000 ft. will be 8,450 1b., and at 20,000 ft., 8,420 1b, The results
have, therefore, been corrected to these mean weights at each height by the method

of Report No., A.& A.E,E,/Res/170.

The results obtained are given in full in Tables I-VI and in Figs,1-9, as
shown in the: following table,
/Table
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Carburettor

" Normal Air nmiles

per gallon
| [ | Fuel flow

20,000 Adr miles
per gallon
| Fuel flow
20,000 Air miles
per gallon |
Fucl {low
Modified | 10,000 | Fucl flow |
20,000 Fucl flow
; 20,000 FMucl flow

Modified Climb T'uel flow

-

The following is a sumary of the results:-

bele. With the normal carburettor,

(a) At 10,000 ft. using M,S, supercharger pgear under standard atmospherie
conditions, the maximum air miles per gallon was 7,00, This was obtained
at 170 myp.hy A,S,I, by reducing r,p.,i. to 1700 (as explained in para.3(1)
this is the lowest practicable r,p.m.) and then setting the throttle to
give this speed. Under standard atmospheric conditions the corresponding
manifold pressure will be about 27 in, of mercury,

(b) At 20,000 ft, using M.S. supercharger gear, under standard atmospheric
conditions, the maximum air miles per gallon was 7.37. This was obtained
at 175 mep,h. A,S,I, by setting the throttle fully open and then reducing
s Pells until the required speed was obtained, Under standard atmospheriec
conditions, the corresponding r.p.m, will be about 2050 and the manifold
pressure about 24% in, of mercury,

(e) At 20,000 ft, using F,S. supcrcharger gear, under standaxd atmospheric
conditions the maximum air miles per gallon is 7,30, This was obtained
at 175 mep.he A.S,I. by setting the throttle fully open and then reducing

+ TePalm, until the required speed was obtained, Under standard atmospherio
conditions the corresponding r.p.m. will be about 1950 and the manifold
pressure 27 in, of mercury.

From (b) and (e¢) it will be secn that at 20,000 ft, greater fuel economy is
obtained by flying in I, S. supercharger gear than in P, S, supercharger gear,

The minimum speed for comfortable continuous control was found to be 155 m, p. hs

4,5,L,; no difficulty should, therefore, be experienced at either height in flying
at the specd for maximun range,

4.2, With the modified carburettor. A comparison of the tables and figures
shows that with the modif'ied carburettor Iitted, the fuel consumption at 10,000 f't,
and ?D,OOO ft., using M, S, supercharger gear, is within experimental limits the same
88 with the normal carburettor. At 20,000 f't. using F.S, supecrcharger gear, the
fuel consumption is slightly higher over most of the weak mixture range under the

condition tested, i,e. with the throttlc fully open over the rich mixture range the
results are almost identical

On the whole, it appears, therefore, that the rindified carburettor satisfactorily
replaced the two position mixture control arrangement,

5« Determination of range,

The range of the aircraft has been determined for both 10 000 f't, and 20
frﬂm.?he results obtained with the normal carburettor fitted aﬁd given in Tahiggﬂlf;iI
arnd Figs,1-6, The range has been determined for both the normal fuel capacity
(131 gallons) and 8lso for the long range fighter lozd (174 gallons), which includes
gallons carried in the under-fuselage tank which can be released in flight,

& range flight at 101000 ft. is estimated to be E’;[ 30 lb, and at ED]DOO 't 8'650 1b
1 a

/Tests
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Tosts made on Kitiyhawlk I AL.229 (reported in 9th Part of Report No, A& AVE.E, A,
showed that a similar tank fitted on the Kittyhawk I had little effect on the aip '
niles per gallon obtainad at the speed for naxiuum rangé and that there was little
advantage in releasing the tank after it hod been drained, The range of the
aireraft has, ‘horefore, been dctermined on these assunptions, the air miles per
gallon being assumed proportional to (weight)= 2,

At both weights an allowance has been made for the fuel used in running up the
eéngine on the ground and for take-off. This was taken as equivalent to that used
during 5 minutes at moxirum talce-off power conditions which is about 9 gallons, An
allowance has been made for the fucl used on climb to height and the corresponding
distance covered on climb has been ineluded in the range of the airoraft, These
figures were estimatecd from the fuel consunption measurements at 10,000 and 20,000
I't, at maximum climb corklitions, coubincd with the consumption measurements teken on
tho climb with the modified carburettor, The distance covered on climb has been
obtained from the climb performance of the aireraft,

2+1s Determination of range at 10,000 ft. using li.S. supercharger gear,

Starting weight 8,980 1b,

' Fuel Distance
used covered
gallons | air miles

Fuel used in running up on ground and
take~oflf 9 NIL

Climb to 10,000 ft, at maximm clinmb
corditions 8 15

Cruising lovel flight at 10,000 ft. Mean
air miles per gallon 7,00, M:an weight
8,450 1b, , mean speed 170 m,p.h. A, S.I.
FsPel. =€t at 1700 and engine throttled
back to give this syeed, Mean mnnifoldl
rreasure under standard atmosphoric con-
ditions about 27 in, of mercury.

151

_LEl_“Eﬂyﬁﬂfgﬂgfmgigthr load., Starting weight 9,575 1b,
ruel 174 pellons,

— e e

| Fuel Distance
| used covered
gallons | air miles

Fuel used in running up on ground amd
teke~of'l R NIL

Climb to 10,000 ft, at maximm climb
con'itions | 10 20

Cruising flight at 10,000 ft, Meon
veight 8,680 1b, Estimated mean air
miles per gallon 6,87, Hean speed
175 mep,h, A.S.T, Engine r.p.m. set 1065
to 1700 and then throttle adjusted to
give required speed, Manifold press-
ure undor standard atmospheric cone
ditions about 28 in, of Hg.

Total
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2+ 2, At 20,000 ft, using I S, Superchargor gear.

(a) %:;ni}iiﬂgﬁizninaﬂ starting weight 8,980 1b,

" Fuel

used

zallons

Fuel used in running up on ground and
take-off 9

Clinb to 20,000 ft, at maximmun olimb con-
ditions 19

Cruising flight at 20,000 ft. l{ean weight
8,420 1b, Mean air miles per gallon
f«37: Mean speed 175 mip.h, A.S.I.
Throttle set fully open and r,p,m
reduced to give speed. lMean r,p.i.
under standard atmospheric concitions
about 2050 and manifold pressure about
24 in, of mercury,

Total 131

(b) Long range fighter load, Starting weight 9,375 1b.
Fuel 174 gallons, i
Fuel

used
| gallons

Fuel used in running up on ground aml
take-off 9

Clinb to 20,000 ft. at maximmum clinb con-
ditions 23

Cruising flight at 20,000 ft. liean weight
8,650 1b, Estimated mean air niles
per gallon 7,24, Mean speed 180 m,p,h.
£ 8,1, Throttle set fully open and
rsPe. reduced to ; ive speed., llean
r'. P.m, under standard atmospheric con-
ditions about 2075 and manifold press-
ure about 24% in, of mercury,

Total 174

At 20,000 ft. using F.S. supercharger gear,

230
{a) Normal fighter load. Starting weight 8,980 1b.
Fucl 131 gallons,

Fuel
usec
| gellons

Distance
covercd
air miles |

Fuel used in running up on ground and
take-of'f 9

Climb to 20,000 ft, at maximum climb con-
ditions 19

Cruising flight at 20,000 ft. Mean weight
8,420 1b, lean air miles per gallon
/+30, Mean speed 175 m,p.h. A.S.I.
Throttle sct fully open and r,p.i.
reduced to give speed. Mean r.p.i
under standard atmospheric conditions
about 1950 and manifold pressure
about 27 in, of mercury,.

NIL
35

Total
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iEQ Long range fightor load, Sgprﬁing'wciﬁpt 9,375 1b,

Fuel 174 gallons, . Fuel Distance
used covered

| gallons air miles

Fuel used running up on ground and take-off 9 NIL

Climb to 20,000 ft, at maximun clinb con-
ditions 23 L0

Cruising flight at 20,000 f't, lican weight
8,650 1b, Estimated mean air niles
per gallon 7.17. Mean speed 160 m,p.h.
A.8,I, Throttle set fully open en
r.P.m. recduced to give speed, liean
r.P.e. under standard atmosnheric con-
ditions about 2000, and manifold press-
ure about 275 in, of mercury.

Total 174 1060 L3

In all cases the ranges given are the maximun possible still air ranges, No
allowance has been made for any period of combat using all-out level engine con-
ditiona, For each five nminutes of combat unler such conditions the range will be
reduced by about 60 miles, assuming that no headwny is made in the required direction
during this period,

6, Conclusions,

The maximum still air ranges of the aireraft with the nomal carburettor arec: -

— e ————

Rcf_wﬂ;u - Alr miles

Height Super- Normal fucl load With overload tank
f't. charger 1351 gollons fitted and filled

R gear - 174 gallons
10,000 M, S. 815 1085

20,000 M, S. 795 1070
20,000 F. S, 785 1060

L

With the modified carburettor fitted and with the mixture control locked, the
fuel consumption using M,S. supercharger gear at both 10,000 ft, and 20,000 ft, was
within experimental errors the swne as with the wuodified carburettor, LAt
20,000 £t, using F.S, supercharger gear, the fuel conswaption is slightly higher
than with the unmodified carburettor.

Thus the modified carburettor with locked ndixture control appears satisfao-
tormily €0 replace the two position mixture control arrangement,

The results in this report are in good general agreement with those given in
the 2nd Part of Report No.A.& A,E.BE,/689,h, which dealt with fuel consumption tests
on & Hurriocane X, B,W.803, fitted with a licrlin 28 engine,

Circulation List

¥ =
v

t. to D.G.N,D, P,
o diy Ba
C.I. Acclaents
Chief QOverseer
D.PyC. hs
A.1.2(g)
Avdi _31
Mighter Corvaand 10 copies
Ryl QY 6 copies
R, T. Pus 13 copies + 1
R.T.0. .air Service Training

3 copies
R.T,0., Rolls-Royvee, Glasgow
2 copies

S
I

Lw

[ ]
L]
-

-
= T
'3

HppoHoDyuDo
=PpLEUUY o WU

™ EU -
UPrbboobuouEnaX

= U b
e
-

2 copiles
for Action)

UbiapdompEys>o0

U >

L
L]
L
-

= & -




oy
Tablo I

Fuel consunption tests in level flight at 10,000 f't,in
M, 8, supercharger pear

Radiator duct gills in noutral position
Normal carburettor

Corrected to mean weight of 8,450 1b,

lanifold | Mixture | Fuel GDTEW'
RP.M | pressure | control 1b/hr,
in, of Hg, (Sp, gr.0. 72) | galls/hr,
3000 47.7 Rich 765 106, 2
2850 L7.6 Rich 717 99,6
2650 Ll Rich 580 80, 5
2650 38 Weak LO2 55. 8
36 %81 52.9
34 559 49.9
32 340 L7.2
20 319 VI
28 300 Ll.7
26 280 38,9
2l 259 36.0
22 239 33.2
20 218 30.3
18 199 27.6
38 381, 53.5
38 372 51,7
36 353 49,1
b1 335 L6.6
o 317 L. O
_30 ' E':i? Ll-}
28 | 261 39,0
26 263 36,5
2l . 213 33.8
22 | 224 51y X
38 359 49.8
5?-? _511-11- 11'?-8
36 - 331 L6,0
3L 1 315 Lie T
32 297 Ll.3
30 281 39.0
253 {f!;‘-rr- 5h17
26 | 2L6 3, 2
2L | 228 31,7
22 210 29 1
35.8 ‘ 356 L3.7
4, 2 ! 291 L0, L
32 276 38,3
30 261 36,3
28 ; 245 34 O
26 | 229 31,0
2l | 212 29, 4
22 191, 271.0
20 | 177 2l 6
2le | | 24,8 4 5
30 | 236 33:2
28 | 225 31,2
26 210 29,2
2l | 195 27.1
22 z 180 25,0
30 | 229 31,8
- 216 30,0
28,0
26,0




Table 11

Fuel consurption tests in level flight &
in 1L S, supercharger gear
Radiator duct gills in neutral position
Normal carburcttor
Corrected to meen weight of 8,420 1Db,
anifold [Ilixture | Fuel consumption
pressure [control |  1b/hr. Galls/
in, of Hg| (Sp.gr.0.72) | hour

t 20,000 ft.

T. J:-‘l 5.

M. P Na

AsD, 1,
Ille P- ht

R, P, A,

A .

LR

8.0

351%
341
325
320%
304
292%
2807
266%
252
23
A
187

3000
2650
2650
2650
2500
2400
2300
2200
2100
2000
1900
1800

38,9
36,0
33.0
32,9
30, L
28,8
27 4
26.0
2h. 8
2346
22,6

21,6

. Rich
Rich
Rich
Wealk

v

605
1|.":'E'
132
378
| 318
v i
289
266
246
230
216
L 207

69, 2
60,0
2.5
L6,9
43.5
LO, 1
37.0
3. 2
31.9
30.0
28,7
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Fuel consumption tests in level flicht at 20,000 f't.

in il 5. supercharger gear

'—A-—-

Radiator duct gills in

neutral position
Normal carburcettor

Corrected to mean weight of 8.420 1b,

Adr miles
per
gallon

Mixture :__Fual conswintion
cantrull

Manifold
Pressure
in.of H

1b/hr, Galls
(Spsgxe 0.72) | hour

R,P,H,

|
; - ————

| 3000

2850
2650
2650
2500
2500
2300
2200
2100
2000
1900
1800
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"a
("

0 N\ ot L A = =
~J\D >\ ~J =l —J
O VN W ONO W U O

.
P

'y

_“‘J

Itich
Rich
Rich

Weal

626
712
Dl
431
360
359
529
300
274

| =4a|
b

o

114, 8
98,9
75.6
57.1
B34
49,8
45,7
41,7
38.1
4.9
32,0
29, 7

,}.l!-}-
3.61
4, 56
5. 83
6.17
6.35
6,64
6.91
713
7.28
7. 26
6.92
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Table IV

Fuel consumption tests at 10,000 ft,
IL S, supercharger gear

tjedified carburettor.
Manifold Fucl conslt
pressure |Gells/ | 1b/hr. KM |pressure |Galls/ 1b/hr,
in,of Hg | hr, (SP.ET3 in,of Hg | hr. LFSg.gziﬂ
0s 72 { -

108, 2 780 32 4l.7 300
100, 6 725 30 3943
92,7 668 28 37.0
101, 0 127 26 36
95.2 686 2l;. 32,0
88,8 639 22 29,6
78.5 565 20 2649
71.7 516 |V 18 2441
57«1 L11 2100 35.6 L3. L
53%: 9 388 L S 41, ?
50. 9 366 32 39,6
L, 8 322 28 350
41,7 300 26 32.6
38. 8 279 | 2l 30,2
35.7 257 22 27.5
32,6 235 32, 373
29,6 215 32 36,7
26,5 191 30 e {
5l 2 390 28 32,6
52s 1 375 20 30,4
L7.0 338 | 22 26,0
39,2 282 28 31,3

Locked nixture control,.
Manifold Fuel consh

36. 4

3.7
31.0
28,1
2540
50,6
48,8

262
243
223
202
160
364
351
333

26
2l
22

29.9

28
26

2l
22

250
2742
25, 1
31.7
29: 9
28,0
26,0
2L, O
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Table V
Fuel consumption tests at 20,000 1.
d mis J{odified carburettor.
" F.S,subercharger gear
Manif'old Fuel consh

pressure (Galls/ |1b/hr,
in, of’ HE hr.

Loclked mixture control.

. 5. supercharger gear
(Manifold Fuel cons’i
Pressure 1b/hr,

in,of Hg |

REPHU

38,1
36,0
32,9
30 4
28,8
27. 4
26,0
Olie [
27,6

L L P
:-.-'-I... b

Th

573

L85
379
336
313
288
264
25
226
207

Height
1t

2,000
4,000
6,000
8,000
10,000
12,000
14,000
16,000
18,000
20,000
22,000
2L, 000
26,000
28,000
30,000
31,000
32,000
22,000

- n = o w —d

1 3000
2850
2650
2650
2500
21,00
2300
2200
2100
2000
1900
1800

Table VI

473
46,9
42,0
379
579
35.6
25e2
31,2
2%.3
27.6
26,0
2L, 7

114, 5
105
95- 2
61,8
58.8
52,6
Lia7
L3.5
397
36,2
32.8
30. L

— 555

195
686

LL5
423
379
343
313
286
261

236
219

Muel consunption on climbd with nodified carburettor

ouper-

charger

R. P, ki,

Boost
in, of g

r o

]IL. I..J'..

—

2850

L8
LB
!—}-'B
L8
L7
L,
LB
L8
L5%s
42
40
37
35%
33
50
287
27
253

FMuel

consunption

| Galls/hr

To/hr |

100

100

100
L3
97
Blx

9‘1

958
82

720
720
720
702
698
608
709
709
673
590
522
437
500
Lb1
389
YL
371
Sk




Ll Y HAWK I FL-220

(MERLIN VieS0O-1)
AR MILES PER GALLON NORMAL CARBURETTOR

NMANIFOLD PRESSURE IS INDICATED IN 1INS: OF MERCURY

CORRECTED TOAWEICHTOF 84501b.
HEICHT —-IO.0C00FT. RESULTS CORRECTED TO STANDARD ATMOSPHERIC .
CONDITIONS.

S.SuP =
M S SUPERCHARGER CEA UNES OBTAINED ATCONSTANT RPM.BY REDUCING

WEAK MIXTURE USED THRCUGHOUT MANIFOL.D PRESSURE
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