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SUMMARY

This report presents the resuils of tests made hy the ilTational Ad<sory Commih’ee for Aero-

nautics in a preliminary inre~tigation oj the efieck o-f supercharging an air-cooled engine under
airplane flight conditions.

This investigation comprises the ji%t of its kind that has been conducted andjor ui.ich results
hare been published.

Serrice training airplanes were used in the investigation equipped with production types of
Wright J engines. An AT.A. (7.h. Roots type supercharger was drhen from thQ rear of the engine.

In addition to measuring those quantities that would enable the determination. of the climb
performance, measurements were made of the cylinder-head temperatures and the carburetor pres-
sures and temperatures. The supercharging equipment was not remored from the airplane when
making ji?ights w“thout supercharging, but a by-pass ralre, which controned the amount oj super-
charging by returning to the cttmospiiere the surplus air delirered by the supercharger, was left
fuTl open.

With the supei-cliarger so geared that ground-lerel pressure could be maintained to 18,.50(7
~et-t,it was found that the absolute ceiling was increased from 19,400 to 32,600 feet, that the time to
climb to 16,000 feet u’as decreased from 5’$2to 16 minutes, and that this amount of supercharging
apparently did not injure the engine.

INTRODUCTION

The air-cooled enbtie has reached such a stage of development in recent -years that inves-
tigation of its application to aH kinds of service conditions becomes of great. interest. Ln this
respect, the in-restigation of the effects of supercharging air-cooled engines is of considerable
importance.

W_hile supercharging consists merely of the defivery to the er@ne of an air-fuel charge of
greater density than it could induce normal~y, its influence upon the engine depends on the
nature of the application. For instance, tbe application may require that. an engine be super-
charged at ground level in order to increase the power per unit -rohlme of displacement,. On the
other hand, the amount of supercharging may be zero at ground level and may be increased in
amount as the altitude of operation is increased for the purpose of compensating for the de-
crease in power due to the reduction in density of the atmosphere. In the former case, super-
charging causes an increase in both heat and mechatical stresses, while in the latter, the mechani-
cal problems are comparati-rely inconsequential. Aircraft engine supercharging k concerned

primarily with the latter case, especially when any considerable amount of supercharging is
involved. It. is this phase of supercharging thafi will be considered in this report.

In the case of xater-cooled engines the alteration of cooling conditions can be readtiy
provided for by changing the amount of radiation. Re=gdation of the cooling as operating
conditions require may be made in a given installation b-y means of shutters.
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Obviously this same condition do-es not apply to the present day air-cookd engine, where
the amount of the coo~ing surface is fixed by the design of the engine and control of the amount
of air passing over the surface in the usual inst allatio~ is not as simple as in the water-cooled
engine. If the air-cooled engine were to be clesigned _yjth sufficient cooling surface to meet the
extremes of cooling requirements encountered and with provision for controlling the amount
of air passing over the surface, the probkns of the two types of engines would be practically
the same. At present, however, the problem of superclmrging an air-cooled engine is not m
simple as that of supercharging a water-cooled, and depends primarily on the cylinder design.

The purpose of the work reported herein was to make a preliminary investigation of the
general problem of supercharging an air-cooled engine, using an engin} thatl~~d pro-i-en successful
in service under conditions of normal operation, The work was done at Langley Field, ~7a,,
by the staff of the National Advisory Committee for Aeronautics.

DESCRIPTION OF APPARA.TIJ.S

Standard service airplanes and engines kere used in this work. Two airplanes of the
training type were wed: The first was a single.-seater .(h~avy symbol—TS); the second was a
two-seater of more refined design (hTa.vy symbol—UO-1), which is shown in Figure 1. The
engines were production types of the lY~ight ,J series. .lle. ttiilsof construction for this series of

engines are given in a paper
entitled “The Development
of the Wright Whirlwind Type
J–5 Aircraft Engine,
T. Jones. (Refe~enc’~ lb; ‘“

An N. A. C. A. Roots type
supercharger was installed at
the rear of the engine and was
connected directJy to the end
of the engine crankshaft. The
supercharger was essentially
the same as described in Tech-
nical Re[]ort, No. 230. [Ref-

,—
. . .

FIG. 1.—UO-I airplme with Wright J&i engine md experimental installation of N, A. C, A.
Roots type superclwger

crence 2.’) Since this supercharger was designed for Hse with the Liberty engine, which has a
displacement of 1,649 cubic inches, whiIe the displacement of the Wright J engine is on!y 787
cubic inches, this supercharger is considerably oversize for the latter engine. For most of the
tests the capacity of the supercharger was reduced so that ground-level pressure could be
maintained to about 18,000 feet by driving the supercharger impellers at crank-shaft speed.

A large size duct of streamline form was provided on the intake side of the supercharger.
This duct ex~ended well above the fuselage to minimize the induction of hot air from the engine
cylinder. The discharge side of the supercharger was connected directly to the engine car-
buretor by a pipe 5 inches in diameter, in a branch of which was located a valve for the cont~ol Qf

the amou~tt of supercharging. The control was “effected by returning excess air to the atmos-
phere. The branch pipe carrying the control or by-pass valve may be seen in Figure 1 exteuding
a short distance below the bottom of the fuselage.

When the work WM stat~ed with the TS airplane, a receiver having a volume of 1.8 cubic
feet was inserted in ‘the air duct between the supercharger and the carburetor to dampen the
pulsating pressure created by the supercharger and thus to prevent impairment of engine
performance. Since later tests with a direct connection gave equal engine performance, no
receiver was used for work herein reported.

In the usual engine instdaticm, the fuel pressure is maintained somewhat in excess of the
atmospheric pressure, Fuel wouId not flow into the carburetor if the system were trjed in
the supercharged engine installation with the carburetor located between the supmcharger and
the engine, due to the fact that the carburetor air pressure is considerably greater than the
atmospheric pressure. Modifications were made to the fuel system to maintain the fuel pressure
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a definite amount above the carburetor pressure %d automatically dependent on the
amount of supercharging pressure, in the same manner .ss made in previous work at this labora-
tory with water-cooled engines as described in Technical Report N’o. 263. (Reference 3.)

Cylinder-head temperatures were measured by iron-constantan thermocouples and an
indicating pyrometer. The couples were inserted in each cyIinder at a point immediately in
the rear of the spark plug Iocated on the top and near the front of eaeh cylinder, as may be
seen in Fiewre 2. The pyrometer and instruments for measuring the carburetor air temperature,
the free air temperature, the carburetor air pressure, and the engine speed w-ere installed in a
light-tight box and pictures of the instrument dials -were taken automatically at regular inter~als
with a small motor-driven camera using mo-ri.ng-picture flm. Since space permitted the use of

only one pyrometer for the cylinder temperatures, and the temperatures of all nine cylinders
were desired, the various thermocouples were connected consecutively to the pyrometer by
means of a mo tor-driren stitch.

‘l’he diameter of the propelIer was 8 feet 9 inches
and the pitch w-as 6 feet 2.3 inches. The ~eight of
the airpIane ready to fiy was 1,980 pounds.

TEST RESULTS

Due to the preliminary nature of this in-restiga-
tion the work -wascotied primarily to the determina-
tion of the performance with and -without super-
charging. Cylinder-head temperatures ~ere meas-
ured in all flights as an indication of the thermal stress
created by supercharging. In addition, measurements
were made of flight performance as gi-ren in Tables I
to w.

Fiawes 3, 4, and 5 show the results obtained
with the CO–1 airplane in those tests where the super-
charger impeIIer speed was equal to the engine crank-
shaft. speed. These resuIts are pIotted from a-i-erage
data obtained in three supercharged and three un-
wpercharged flights. The fuel was a 30-70 blend of
benzoI and aviation gasofine.

—

FIG. 2.—ToP view 01cyliEder herd, showing Ication of hole
for themmupIe plug bstween spark plug and center of

_

c~linder

Some work was done with the supercharger impellers operating ai 1.5 times crank-shaft
speed. This change permitted grouncl-le~el pressure to be maintained to much higher alti-
tudes, at which considerable trouble was experienced from detonation. This work was
therefore discontinued.

The equipment was not changed in making the flights without supercharging, but the
supercharger by-pass valv-e was kepfi fulI open. The po-wer required to drive the supercharger
under the condition of free inlet and discharge resulting from this method of operation is less
than 5 HP., so that the power of the en=gine -WaSessentially the same as tlmt of the normal
engine. Since the same propeller was used for all tests, higher engine speeds ~ere obtained
when sup ercharging.

A series of climbs to an altitude of 15,000 feet was made -with the TS airplane and -with
some variation in the amounts of superchar=g$ng. W_hile some differences in performance and
temperature were noted, they were not definite enough to show the influence of the different
amounts of supercharging. The work demonstrated, however, that little trouble would be
encountered in maintaining fulI supercharging to moderate aItitudes. In continuing tith the
work on the LTO–l airplane, practically all flights were made with the carburetor pressure
maintained at approximately 29 inches of mercury.

A comparison was made of the effect of od cooling with the TS airplane b-y making compara-
tive flights with and without an oil radiator. At 20,000 feet the cylinder temperature was
505” F. with the oil radiator and 550° F. ~it.bout the radiator. While these data are hardly
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sufficient to justify making a definite conclusion, they indicate that the lubricating oil has an
appreciable effect on cooling and it may be an important consideration in the application of
supercharging an air-cooled engine when the cylinder temperature approwhes a dangerous limi~.

DISCUSSION OF RESULTS

Figures 314, and 5 show that a material improvement in performance is obtained as the
result of supercharging; the absolute ceiling is increased from 19,400 to 32,600 feet, and the time
required to climb to 16,000 feet is reduced from 32 to 16 minutes. The supercharged engine
performances were obtained without any impairment of the engine structure, and it seemed
evident from the experiences of the entire work that the engine couId endure sa~isfactorily this
amount of supercharging.

NThile it would be necessary to have temperature measurements of other parts of the cylinder
to form any very satisfactory c&clusions of the effect of supercharging on the hwt flow through
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FI(I. 3,—U()-1performance with and without supercharging

the cylinder, these tests indicate the temperature increase that may be expected to result from
supercharging, According to the maximum permissible tempe~ature of 550° l?. for satisfactory
operation given by Heron (Reference 4) ~ the temperatures recorded under the supercharged
condition can not be said to be excessive. Although no maximum permissible operating temper-
ature has been published for this engine, its excellent performance may be taken as an indication
that this temperature approaches that set by Heron. ‘It is of interest, to no te that the maximum
cylinder temperature is reached at an altitude slightly above that ak which the carburetor
pressure begins to drop or the altitude where the increase in engine po~ver resulting from
supercharging is a maximum.

There are a number of important specific problems entering into the question of super-
charging that were left for further investigation. Among these, the influence of air-fuel ratio
is one of the most important, 1.eron (Reference 4) has shown the relation between cylinder

,..
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temperature and air-fuel ratio. A portion of the data given in the reference is reproduced in
Figure 6. As no reliable fuel flow meter was availabh at the time these tests were made, it
was impossible to determine the air-fuel ratios. In order to obtain a rough estimate of the
influence of mkture ratio in this work, a computation of the probable ratios based on carburetor
charactel:istics was made. Similar computations made in connection with some latm work
with a supercharged water-cooled engine and after a suitable flOW meter had been developed
showed that the method probably would give a fair estimate of the order of the change in ratio.
This computation indicated that the charge was enriched quite appreciably as the altib_ide was
increased, and there is little doubt that the maximum temperatures shown are somewhat
lower than they would be if the charge was not enriched. The cylinder temperatures were

probably lower at high altitudes in the unsupercharged flights, due also to some enrichment of
the mixture, but in this case the enrichment
serves “rio useful purpose, in that-the telipera-

——
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tures are already well below the maximum

. which occurred at ground level,
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The work reported herein has shown the
+ 400
>

possibility of obtaining a material improve-
ment in airplane performance by supercharg-

$! ing a modern air-cooled engine. The absolute
30?6 [8 20 22 24 26 28 ceiling was raised” from 19,400 to 32,600 feeti

Fuel wnsumpfion, ib.j%-.

FIQ.6.—EfTectof Iuel consumption on cylinder-head tempemtures
and the time of climb to 16,000 feet was
reduced from 32 to 16 minutes. W7hileno limit

of supercharging was established, it is evident th~t ground-level pressure may be maintained
up to an altitude of 18)500 feet withouh imposing excessive stresses upon the engine.

LANGLEY MEJIORI~L AERON~UTIC~L L~RORATOR>,

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS,

LANGLES FIELD, T7A.,July 5’0, 1927.
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TABLE I.—Flightdata forUO-1 aii-plane (wperchurged)

—.-
~

.—- ———
——

Wuospheric
pre$mr?
(ii. Hg.)

Carburetor
pressure
(ii. Hg.)

Mmospheric
tem~Fm\ure

Carburetor
;empmture

~F.)
St:mdmd d-
altitude(fea)

Time
(minutes)

Ingiue spe2d
(R. P. M.) H%%?.

30.35
28.25
26.65
24.95
23.35
21.9s
20.60
19.27
17.97
16.SO
15.74
1475
13.90
13.22
~. 64
12.2(3
1L 75
11.40
11.10
10.S5
10.65
10.45
10.30
10.15
10.00

700
2,650
4,300
6>000
7,700
9,250
10.900

Cl64
2.42
4.1s
5.90
7.65
9.41
11.1s
13.29
15-21
17.16
1S.76
20.64
22.59
24 &
26.03
27.52
2fi94
30.73
3z.32
33.70
35.39
36-S5
3a 49
40.93
43.33

1,600
1,555
1,572
1,605
1,635
1,625
1,690
1,710
1,720
1,730
1.760

73
71
73
74
75
76
79
so
S1
S1
S1
S3
82
w
S1
79

30.40
2% 95
28.45
28.30
=. 95
2s.00
28.60
2s.40
2s.35
%3.25
27.95
27.95
26.60
25.20
2410
23.20
22.45
21.70
21.10
20.65
20.30
19.90
19.60
19.50

77
69
65
.59

2;
39
37

%
21
17
14
9.

:
–5
–8
–11
– 15
– 16
– 19
–20
–20
—20

97
90
S6
93
95
‘3s
l~j
115
126
137
14s
163
165
163
157

.—
—- .—12;900

1+,Soo
16,650
1s,100
19,Soo
21,350
22,600
23,550
2% 250
24,950
25,650
26,200
26,600
27,000
27,350
27,650
2s,100
2s,550

.— .—1;775
1,760
1,760
1,730
1,725
1,725
1,722
1,705 :
1,700
1,677 ~
1,670 ~

;:w ~

-
-

-—151
145 I
140 ‘
134
130
126
124 I
122
122
95

;?
80
7s
72
72
72
74
73---------

I

TABLE 11.—Flightdafa .foT UO-I aii-p[ane (sapemharged)

Atmospheric
prae
(ii Hg.)

Ckrburefor
pressure
(ii. Hg.)

~tmwpherie
tern~raiure

(“F.)

Carburetor
temperature

(“F.)
W8ndmd 81-
titude (feet)

Time
(minutes)

Engiue speed
(R. P. M.)

Air speed
[M. P. H

400
550

2,150
3,!200
5,650
7,600
9,200
11.100

0.53
72

2:30
420
5.95
7.S9
9.57

30.65
30.35
28.38
26.70
24.95
23.30
2L so
20.25
1s.90
17.so
16.60
15.75
14 so
1405
13.43
12.S4
12.20
11.so
IL 35
10.9s
10.70
10.37
10.20
9.92
9.73
9.60
9.40
9.30
9.15
9.00
s.95
s.S2
s.75
s.70

7s
74
64
60

z
40
36
33
26
2.2
16
11
6
1

—4
–s
– 10
– 14
—15
– 16
– 1s
–20
— 23
– 25
—26
–29
—29
–30
–31
–32
–33
–34
–35

90

%
S6
Ss
90
91
99
10s
115
126
13s
151
164
160
151
147
142
138
13s
13s
13s
136
135
135
133
133
131
131
127
126
~~6
126

--------

-------—
1,4s0
1.510

-------
70
70
73
73
74
75
77
75
77
73
77

;:
76
S2
S1
79
77
72
77
77
77
76
74
74
77
76
73
74
74
73
73

------

---------
30.65
2S.60
2s.73
2s.73
2S.60
2s.73
2s.32
2s.93 ~
2s.20
27.93
2a 52 ~
2s.73
27.25
25.S6
24.65
23<61
22.“70
22.10
2L 4S
2L 10
20.so
20.40
20.10
19.92
19.70 I
19.55
19.35 I

:;;{ ~

Ii 56 I
l& 50 ~

---- ———-.t

.-
1;570
1,600
1,600
1,640
1,6S0
1,700
1,700
1,72o
1,740
127s0
1,760
1,760
1,750
1,740
1,740
1,730
1,730
1,730
1,740
1,740
1,740
1,735
1,730
1,730
1,730
1,725
1,725
1,720
1,720
1,715
1,715

11.54
13.55
15.23
17.25
1S.92 —
20.75
22.6S
24.27
25.95
27.75
29.4!3
31.19
33.21
35.37

.

——

-

37.13
3s.S1
40.52
42.6S
4447

2s;000
2S,600
29>000
29,300
29,700
30,000
30,400
30,750
30,Soo
31,200
31,350
31,450

46.01
4s.2s
50.27
51.9s
52.72
5494
56.48
57.92

I

9206-?9-7
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T.~BLE 111.—Flightdata for (70-1 airplane (supercharged)

kir spe-ed
M. P. H.

—_. _.—
ifmosp~aie I Carburetor Atmospheric

pressure temperature
(ii. HE.) / i%:.s;f) (“F.)

Carburetor
tempemture

~F.)

--------
--------

88

::
88
93
102
115
124
137
158
165
162
158
157
157
157
149
146
146
145
141
138
136
134
130

..-. .-

Standrwd al-
Iitude (feet)

Time
(minutes)

I [

30.3A ----------
30.ZK! .-----=---
28.30 29.00 /
26.70 28.95 ~
24.93 28.80
23.30 28<95 }
21.45 29.20
19.78 28.10
1s.41 28.10

74
7-4
67
58
49

0.60

2:;:
4.17
5.75
7.59
9.62
11.58
13.56
15.34
17.11
18.94
20.87
22.68
24,50
26.05
28.08
29.80
31,71
33.15
35.35
36.77
38.80
40.79
41.97
43.73
45.28

------ .
71
71
69
71
73

;!
80
81
82
84
88
86
85
84
87
86
8.5
85
85
81
81
80
76
77
78

---------
_________

1,545
1,530
1,600
1,630
1,630
1,680
1,670
1,730
1,750
1,800
1,800
1,800
1,770
1,770
1,790
1,770
1,740
1,740
1,750
1,720
1,740
1,740
1,720
1,700,

42
38
34
31
2417.40

16.30
15.ZO
14.40
13.62 I

19
14
9

:
–4
–6
–9
–12
– 16
–16
–20
–21
– 22
–24
–26
–26

12.90
12.27
12.00
11.50
11.20
10.m
10.62
10.30
10.10
9._90
9.M
9.60
9.50...

- —-. ...—

r.LBLE IV.-Flighfdata for UO-I airplane (without supercharging)

Carburetor
pressure
(in. Hg.)

.
&tmOspberic
temperature

(“F.)

.—-
Carburetor

teru~gf.meStandard al- 1 Time .4ir s eed AtmospbeticE(~gir$a\fid (M, ~.H,) pressure
titude (feet) (miDutes) . . . (1) (in. Erg.)

,--------
--------
__-__. .—
--------
--------
--------
t--------
\________
1--------
1--------~________

I

-_ ---_-—
________
--------
L--------
,---- _.. _
,-----
~.---.:::
1--------
------—_
________
------.-
-___ -_-—
-- —-—---
--------
--------

30.20
28,80
27.25
26.00
24.90
23.80
22.75

88
84

;:
70

::
62
58
55
54
52
50
48
46
45
42

E
42
41
;;

38
37
37
40

700
1,600
3,100
4,500
5,950
7,100
8,050
9,~oo
10.150

: g

3:67
5.50
7.65

21.95
21.15
20.65
20.00
19.55
19.15
18.75
18.40
18.05
17,60
17.50

39
37
35
33
30
28
25
23
20
17
14
1417.25

16.95
16.80
16.65
16.55
16.30
16.25
16.20
16.20

4L 51
42.52
42.52
46.51
47,98

16.20
16.20
16.0%
16.00

12
12
13
13

,.— ——. .-—
LNoairspeedbecmrse of fdilure of recording instrument.
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TABLE V.—FlighLda!a for UO–1 airplane (m”thout supercharging)

%mhrd al-
titude (feet)

.———

.-
Time

(minutes)

500
2, 100
3,750
5,200
6,500
7,750
8.800

_
;::: ._ii_76._~
26.90 27:25
25.48 25.95
24.25 24.75
23.10 23.60
22.lg 22.T()
21.20 2L 90
20.45 21.10

71 ----------
65 88
61 g
56
51 I 73
45 \ 6S
41 6?
38 ~ 60
34
Wlg

28 ~ 50
27 50
25 I 50
24 ~ 48
22 \ 46
22

I
43

20 42

0.57
2.40
431

1,500 ‘
1,500
1,500
1,520
1,520 [
1,500
1,4s0 ~
1,500 [
1,470 ~
1,480 \
1,460
1,470
1,460
1,480
1,490
1,470
1,470
1,460

84
83
w
83
84
85
87
89

6.11
7.90
9.67
IL 47

9;950
10,800
11,700
12,400
13,~oo
13,750
1+ 350
l% 950
15.300

13.25
1491
16.83
18.66
20.72
22.69
24.69
26-g~
28.22
30.65
32.18

87
87
87
87
87

19.78
19.25
18.72
18.35
i7.95
17.60
17.28
17.10
16.82

20.5(I
19.90
19.35
18.90
18..55
18-30
18.00
17.70
17.50

15;650
16,000

I II

~tmcspheric Carburetor
pressure
(ii. Hg.) ~ K%!,

—

—
.&turospheric
kmpemture

~F.]

Carburetor
temperature

(“F.)
WrMard sl-
;itude (feet)

Time
(minutes)

3ngine speed
(R. P. M.)

A&- speed
>1. P.H.)

30.40
I

2s.30
0.42
1.92
3.71
5.6?
7.59

75
65
58

90

!%
73
70
63
63
59
59
57
55

%
~2

::
46
46
45
43
43
43
39
39
39
39

500
2,300
4,050
5,700
7,250
8,400
9,700
10,950
11,850
12,600
13,3.50
14,000
14,550
15,250
15,950
16,300
16,600
16,800
17,100
17,350
17,700
17,950
18,050
18,350
18,500
18,650

-------- .
1, 560
1, 540
1,530
1,530
1,530
1,520
1,520
1,510
1.500

-------
78
78
79
79
79

-------- .
28.50

—
.. T_.

26.50
%.00
23.70
22.50

26.90
25.50
24_ Z()
23.10
22.40
’21.33
20.65
20.05
19.60

55
51
43
44
42
40
39
35
33
31
30
29
26

9.17
11.31
13.43
15.50
17.28
19.12
20.87
22.61
24.59
26.76
28.19
29.64
31.24

80
81
81
81

%
82
83
82

21.57
20.70
20.0s
19.50
1“8.95

—
1;5oa
1,500
1,500
1,490
1.480

i8-46
18.05
17.60
17.20
16.90
X6.65
16.50
16.30
16.10

19.13
l& 68
1.s.3a
17.92
17.571;470

1,470
1,470
1,460
1,440
1,440
1,z~()
1,440
1.430

80
80
79
77

17.30
17.18
16.96
16.72

25
23
22

‘;:

33.02
34.4s
36.56
38.48
39.63

76
75
78
77
76

i5.90
15.75
15.65
15.50

16.S3
16.40
16.30
16.18
16.10
16.00

20
18
18
E3
16

41.91
4403
45.43

1;4~()
1,410

74
72

15.42
15.30


