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RESUME.

The following report of a complete performance test of a 300-horsepower Hispano-Suiza
engine was submitted for publication to the National Advisory Committee for Aeronautics by
the Bureau of Standards. The test described in the report was conducted in the altitude
chamber of the Bureau of Standards under the joint supervision of the technical staff of the
Bureau of Standards and the Engineering Division of the Air Service. The program of tesis
was planned in cooperation with the Engineering Division of the Air Service of the United
States Army so as to yield enough data to determine adequately the characteristics of the
engine for aviation purposes without operating it for so long a time as to prevent extensive
ﬁymg tests from being carried out with the same engine later. The particular engine used in
these tests was assembled by the Engineering Division at McCook Field and subjected to the
standard dynamometer test for operation at ground level, then shipped to the Bureau of
Standards and mounted in the altitude chamber without overhaul. After the altitude test it
was returned to McCook Field for such flicht tesls as might be desired.

A prime requisite of the aviation engine is durability, but it is evident that the long runs
necessary to determine this are more properly made with less costly and elaborate equipment
than that of the altitude chamber.

The following tests were made:

1. A full power run at ground altitude at speeds from 1,400 to 2,200 r. p. m.

2. An altitude-power run at full throttle and at speeds of 1,600 and 1,800 r. p. m. from

the ground to 25,000 feet (7,620 meters) in steps of 5,000 feet (1,520 meters).

3. Propeller load runs, in which the dynamometer load was so adjusted as to produce
approximately the same engine load as would be imposed by the propeller at
speeds from 1,400 r. p. m. to the normal propeller speed of 1,800 r. p. m: These
were taken at altitudes of 5,000, 10,000, and 15,000 feet. (1,520, 3,050, 4,570
meters.)

4. Friction horsepower runs at the ground and at 15,000 feet. (4,570 meters.)

RESULTS.

Some of the outstanding results are given in the tables accompanying this résumé. Cor-
recting the results to a standard barometric pressure of 29.9 inches (76.0 em.) of mercury gives
a brake horsepower at 2,200 r. p. m. of 352 (357 metric horsepower), and a maximum brake
mean effective pressure of 128 pounds per square inch (9 kg. per sq. cm.} at about 1,600 r. p. m.
The mechanical efficiency varies from 88 per cent to 83 per cent from speeds of 1,400 r. p. m.
to 2,200 r. p. m., while the brake thermal efficiency, based on the lower calorific value of the
fuel maintains a constant value of 26 per cent over the same range.

Due to lack of an adequate altitude control on the carburetor, the mixture became extremely
rich at altitudes of 20,000 feet (6,040 meters) and higher. Below this altitude, where the air
fuel ratio could be adjusted to give minimum fuel consumption consistent with maximum brake
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horsepower, the brake horsepower and brake mean effective pressure were found to bear a
straight line relation to carburetor air density. At 1,800 r. p. m. and at a density of 0.040
pounds per cubic foot (0.64 kg. per cu. m.}, the brake horsepower is about 42 per cent of that
at the ground and the indicated horsepower is about 47 per cent of that at the ground.

CONCLUSIONS.

The information in such a report as this will be of most value when compared with results
of similar tests on other engines. It then serves as a basis for comparing the relative merits of
the two engines and as a means of explaining the superiority of one engine to another in any
particular phase of performance. ,

The test shows the inadequacy of the carburetor altitude control of air-fuel ratio for heights
above 20,000 feet (6,040 meters). It also shows how the relative importance of high mechanical
efficiency increases with altitude.

TaBLE A.—English units.

Ground runs. Tull power.

. P . s = I
Approximate . B.m.e.p., Lb.offuel | oo air | Afr densit ’ Volumetric | Thermal | ooy te
ghtifude ) R. P. ‘f Thsaim, | B-E.P. |per b-bop. temp. °F. | " Ib.fcu. g ﬂﬁﬁg‘gg’ : e;‘}‘iecr‘ggg | uel i@.z. ;
- {
500 1,420 122.6 248 0.52 59 0. 075 90 i 26 14.6
500 1,640 124.7 292 .81 | =59 . 075 89 26 4.5
500 1,840 122.9 317 .52 .60 .075 o090 26 14.3 |
500 1, 980 117. 4 330 R Y .59 . 075 89 | 26 15.2
500 2,190 110. 0. 342 . 52 i .59 . 074 87 f 26 15.2 |
TaBLE B.—English units.
Altitude runs. Full power.
Approximate J B.m.e. D, Lb. of fuel/b.| Corb. air, | Air densits Volumetric | Thermal Lb. of air
P.M. 1 Ih. per B.H.P. : . Al Sy | effeiene effi , or 1b,
%glfia%{é? R B ) sq. o, . b.p.br. | temp. °F. | Idjew. . epegceengtr | peglc‘:zélg{ el 1;0.02{

, = | g
Ground. 1, 600 124.5 283 0.58 |- 59 0. 072 al 25 14.3 |
Ground. 1, 800 123.6 316 .54 60 075 91 25 13.9 |
5,000 1, 610° 105.1 241 .53 58 . 064 91 f 25 4.2 |
5,000 1,790 103.1 264 .54l 41 . 066 90 25 14.7 ¢
10,000 1, 600 84.7 193 . 60 26 . 056 89 i 23 13.6 |

10,000 1,810 84.0 216 .56 - 26 . 056 89 24 14. 6

15,000 1, 590 63.3 155 .61 S22 L 047 a1 22 14. 2
15,000 1,790 66. 6 170 .59 19 . 047 87 | 23 14.2
20,000 1,620 46.1 | 107 .86 13 . 039 8 16 12.0 |
20,000 1, 820 51.4 133 .69 11 . 040 88 | 19 13.5 ¢
25,000 1,780 20.9 76 1.18 ©12 . 033 8% 1 115
25,000 1,600 31.5 72 1.12 11 . 033 91 12 1.6 |
) - 1

Tasre C.—English units.

Ground runs.

Mechanical | Alr density,
R.P. M, B.H.P. F.H.P. ILE. P efficiency, b, per
; . percent. cu. it.
1,400 243 34 %7 88 | 0.075
1,600 284 43 328 87 . 075
1,800 315 - 53 368 - 8 075
2,000 334 62 396 84 075
2,200 343 72 415 83 075
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Tasre D.
Altitude runs.
P ) ' ST ! i
| Airdensity, | | : " Mechanieal | B.hp.s(b. -
Elh.percu. K., B.H.P. FHP | LEP [ effcieney, | B P M. {hagng:tg)oml
H : - f ’E ) - -
0.075 - 318 . 371 - 8 | 1,800 ' 100 | , -
.o 263 S0 (30 313 84 . 1,800 , .83
: 055 210 . 16 256 82 | 1,800 | .66 | '
b 045 1 158 43 . 201 78 | 1,800 & .50 |
. 040 | 131 | 42 173 | 76 1,800 | .41 ,
| 035 % | 40 136 | 7L Lo .80 ! : o
i ! | 1 P : i -
TaBLE A.— Metric uniis.
Ground runs. Full power.
Approxi- } i B.m.ep . Kg.of . Air | Volu- Thermal | Ke.air rl B
o omate popoy | pIEP o0 fuelper | Carb.air, [ density, metrie | Al
| atrtrllfz.égé in ; ; scig. Pl S b.ﬁxr..p. temp. °C. Ichf. e Zﬁeiglglﬁfv_’ peglggég, 2 fue ;
: ' ——
152 | 1,420 8.6 251 . 0.23 15 1.20 90 26 ! 14.6 _
152 | 1,640 | 8.8 296 .23 15 1.20 89 26 ! 145 ,
152 . 1,840 | 8.6 322 .23 15 1.20 90 26, 14.3 i S
152 | 1,980 8.2 335 .23 15 1 1.20 89 26 ;. 15.2 .
152 ¢ 2,190 | 7.2 347 .23 15 i 1.19 87 26 15.2 ¢ - ) L
| ! : ! . -
TasLe B.— Meiric uniis.
Altitude runs. Full power.
I : : [ - _
| Approxi- ! i B.m.e.p Egof Al Volu- Thermal | Kg.air per
! mate  p p y . e per | B.H P. fuel per ~ Carb. arr, djtnsmy. meiric effiel % " of el
| eide s b-Rp | temp°Cy kgper | efclench ) percent | x02. o
Ground.! 1,600 8.8 287 0.24 5 0 116 [, 9 25 14.3 -
. Ground.| 1,800 8.7 320 .24 16 ; 1.20 91 25 13.9
1, 520 1,610 7.4 244 .24 14 | 1.02 91 25 14.2 .
1,520 1,790 | 7.2 268 .24 5 1.06 20 25 14.7 o
© 3,050 | 1,600 @ 6.0 195 .27 -3 .90 89 23 13.6 -
3,050 ' 1,810 5.9 219 25 . — 8 .90 82 24 14.6 —
4,570 . 1,5%0 4.8 157 2r . — 8 .76 91 22 4.2 .
4,570 | 1,790 4.7 173 .26 — 7 .76 87 23 14.2 -
5, 010 1,620 , 3.2 109 .38 -1 .63 88 16 12.0 R
6,040 | 1,820 3.6 135 31 12 | .64 88 19 13.5 ]
b7, 620 0 1,780 2.1 77 .53 . —-11 .53 89 11 11.5 o
7,620 | 1,600 i 2.2 73 80, =12, .53 91 12 11.6
i : : ] - —
Tasre C.— Medric units.
Ground runs,
‘ Mechanical  Air density, f )
R.P.M. , B.H.P. ; F.H.P. I.H.P. efficiency, Ekg. per i B
I per cent. . . m. [ -
1 { § [ . B
1,400 | 246 34 280 88 | 1.20
1,600 | 288 44 332 | g | L20 |
1,800 | 319 54 373 85 | 1.20
2,000 | 339 i 63 402 84 1.20 I
2,200 348 i 7 421 83 l 1.20 f . _
i I : f
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TasrLe D.— Metric units.

Altitude runs.

Air density, Mechanical | B.h.p.+(b.
kg. per B.H.P. | F.H. P. I. H.P. | efficiency, | R. P. M. [h.p.at 1.20
¢, m. | per cent. density).

[ 120 322 54 376 - 86 | 1,800 1.00
! 1.04 267 50 317 84 1 800 .83
i .88 213 47 260 | 82 1 800 .66
: .72 160 44 204 78 1 800 .50
\ .64 133 42 175 ‘ 76 | 1, 300 .41
| .56 97 41 138 | - 71 1,800 .30
t .

OBJECT OF TEST.

The test was made to determine the performance of a 300 horsepower Hispano-Suiza
engine and was typical of the class of tests usually run on a new type engine in that some com-
pleteness was sacrificed in order to restrict the actual running time of the engine to an amount
which would leave the engine in good condition for actual flight work.

DESCRIPTION OF ENGINE AND APPARATUS.

(4). Engine and supplies. ~

The engine used was a 300 horsepower Hispano-Suiza, S. C. No. 13481. This is a Vee type
motor with eight water-cooled cyhnders It has a bore of 140 mm. (5.51 inches), stroke of 150
mm. (5.91 inches), and a compression ratio of 5.3. The Stromherg carburetor used is provided
with a& manually operated valve for controlling the air-fuel ratio at the different altitudes.
Mobile B oil was used for lubrication and X gasoline for fuel. The X gasoline conforms to the
Aireraft Production Board’s Specification 3512 for Export Aviation Gasoline for the A. E. I,
1918. A distillation curve of the fuel is given on curve sheet 15.

(B). Apparatus.

The engine was tested in the Altitude Chamber of the Bureau of Standards. This chamber
and apparatus is described in report No. 44 of the National Advisory Committee for Aero-
nautics (Bureau of Standards Automotive Power Plants Report No. 52). Provision is made
for reducing the pressure of the air in the chamber to that of the altitude desired, while at the
same time its temperature may be reduced to correspond with the temperature that prevails
at that altitude. Outside the chamber there is ample equipment for measuring power, fuel
consumption, and various temperatures and pressures.

PROGRAM OF TESTS.

(1) A run was made with wide-open throttle at ground altitude at speeds from 1,400 r. p. m.
to 2,200 r. p. m. The spark advance was adjusted for maximum power at each speed. The
carburetor was adjusted at each speed to give the least fuel consumption possible with maximum
power. To secure this result the carburetor was first adjusted for maximum power and then
the mixture was leaned until the torque dropped appreciably. The mixture was then again
enriched until maximum torque was restored.

(2) A run was made with wide-open throttle at speeds of 1,600 r. p. m. and 1 ,800 r. p. m.
at altitudes of ground, 5,000, 10,000, 15,000, 20,000, and 25,000 feet (1,520, 3,050, 4,570, 6,040,
and 7,620 meters). At each speed and altitude the spark and carburetor were adjusted as for
the ground run.

(8) A series of runs were made at altitudes of 5,000, 10,000, and 15,000 feet (1,520, 3,050,
and 4,570 meters) at speeds of 1,400, 1,500, 1,600, 1,700, and 1,800 r. p. m. In these runs the
dynamometer and throttle were so adjusted as to put a load on the engine at each speed equal
to that which would be imposed by a propeller whose normal speed was 1,800 r. p. m. In runs
of this type it is assumed that the horsepower of a propeller varies as the cube of the speed.

L]
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Thus, if 1,800 be the normal r. p. m. of the propeller, that is, the r. p. m. obtained with full power
R ,

of the engine, then the horsepower at 1,400 r. p. m. will be % times the horsepower at 1,800
r. p. m. In these runs the spark and carburetor were adjusted at 1,800 r. p. m. as in the above
runs, but these adjustments were not altered for the other loads.

(4) A series of friction horsepower runs were made at speeds from 1,400 r. p. m. to 2,200
r. p. m. at altitudes of ground and 15,000 feet (4,570 meters.) In these runs the engine was
operated under power until oil and water temperature became normal. It was then driven by

the dynamometer and the power input measured.

METHOD OF OBTAINING RESULTS.

The results of the tests are given in Tables 1 to 9. A detailed record of the complete test
procedure of the laboratory, both in securing data and computing results, is in preparation, so
that a brief explanation here will suffice. The run numbers are those that were used on the
original sheets to designate the different runs.

Altitude was determined from the curve sheet number 16, using the barometric pressure
measured at the carburetor entrance. The engine torque was measured on a 21-inch arm on
the dynamometer, and from this value the torque in pound-feet, brake mean effective pressure,
and brake horsepower were calculated. The brake horsepower caleulation, of course, required
the speed which was obtained with a revolution counter. Temperatures were all measured
with thermocouples and pressures with U type manometers.

The volume of air used per unit time was measured with a Venturi meter calibrated in
place against a carefully tested Thomas meter. From measurements of temperature and
pressure air density was figured, and then the weight of air used.

The volumetric efficiency is the ratio of the volume of air which the engine actually takes
in per cycle of two revolutions to the total piston displacement of the engine. The air volume
is computed at the temperature and pressure existing at the entrance to the carburetor.

The brake thermal efficiency is the ratio of the heat equivalent of brake horsepower to the
heat equivalent of fuel supplied. Since the temperature in the engine cylinder is so high as
to prevent the condensation of water vapor resulting from combustion, the heat that would be
liberated in such a case (the difference between the upper and lower heating value of the fuel)
can not be used by the engine. Hence in calculatilg thermal efficiencies the lower heating
value is used which for X gasoline is 18,940 B. t. u. per pound (34,100 cal. per gram).

In calculating the heat distribution in Table 2, however, the higher heating value of the
fuel (20,320 B. t. u. per pound (36,600 cal. per gram)) is used because in the calorimeter used for
obtaining exhaust heat the water vapor resulting from combustion is condensed. Residual
heat is obtained by difference. It includes, and in fact its chief element is, the heat equivalent
of the unburned fuel which goes out of the exhaust. It will be noted that no consideration
has been given to the power developed by the lubricating oil burned. The difficulties in deter-
mining just how much of the oil consumed is actually burned on the power stroke, together with
the probability that this percentage is not greatly different for engines of similar type, have made
it seem best to ignore this factor in heat balances up to the present time.

The brake horsepower and brake mean effective pressure obtained on the ground run are
converted to values for standard barometric pressure by multiplying the values actually
obtained by the ratio of 29.9 to the actual barometric pressure in inches of mercury.

The results shown in Table 9 are taken from the curves at even speeds. The indicated horse-
power is obtained by adding the brake horsepower to the friction horsepower. . The mechanical
efficiency is obtained by dividing the brake hofsepower by the indicated horsepower. In
obtaining the value of friction horsepower at different densities, its value at the ground and at
15,000 feet (4,570 meters) was taken and it was assumed to vary linearly between these points.
Previous tests justify this assumption.
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RESULTS.

The more important results of the ground tests are shown on curve sheets 1 to 5, inclusive.
Curve sheet 1 shows the maximum measured brake mean effective pressure to have been 124
pounds per square inch (8.7 kg. per sq. cm.) at a speed of about 1,600 r. p. m. The maximum
brake horsepower measured was 343 (348 metric horsepower) at 2,200 r. p. m., with the indica-
tion that this would have increased slightly at higher speed. The atmospheric pressure was
such as would be equivalent to an altitude of about 500 feet (150 meters) and the slightly higher
results that would be expected under standard barometric pressure are given on curve sheet 2.
This shows a maximum brake mean effective pressure of 128 pounds per square inch (9 kg. per
sq. cm.) and a maximum brake horsepower of 352 (357 metric horsepower). Curve sheet 3
shows indicated horsepower, that is, the horsepower obtained by adding to the brake horse-
power the friction horsepower at that speed, plotted against r. p. m. The lower curve shows
the dependence of power upon charge weight by presenting at each speed theratios of theindicated
horsepower and pounds of air per hour at that speed to their values at 2,200r.p.m. The mechani-
cal efficiency is shown to vary from 88 per cent to 83 per cent over the speed range tested, while the
brake thermal efficiency, based on thelower calorific value of the fuel, maintains a constant value of
26 per cent over the same range. In studying the curve of pounds of air per pound of fuel on
sheet 4, it must be remembered that the carburetor was adjusted for each speed so that the
shape of this curve does not indicate a carburetor characteristic. Curve sheet 5 shows the heat
distribution. At 1,800 r. p. m., the normal speed of the engine, the heat in the fuel supplied is
about 4.1 times that realized in brake horsepower and the heat in the jacket is about half
that developed in brake horsepower. Under the same conditions the heat in the exhaust is
about 1.7 times and the residual about equal to the heat equivalent of the brake horsepower. It
should be remembered that the residual heat is the difference between the heat in the fuel and
that which appears in brake horsepower, in the jacket, and as heat. in the exhaust. Hence the
residual heat includes and is chiefly composed of the heat value of the unburned fuel in the
exhaust.

The curve sheets 6 to 8, inclusive, show the effect of change of altitude on engine perform-
ance. Since it is the change in density caused by change in altitude that is the fundamental
cause of these changes, it is against air density that curves are plotted. That the results may be
conveniently interpreted from a pressure standpoint vertical lines have been drawn upon which
approximate barometric pressure are notéd.

Prior to any careful analysis of the altitude curves the curves of pounds of fuel per brake
horsepower hour on curve sheet 6 and pounds of air per pound of {uel on curve sheet 9 should be
examined. The mixture will be seen to have been very rich at altitudes of 20,000 and 25,000
ft. (6,040 and 7,620 meters) due to the fact that the carburetor adjustment was not sufﬁcmnt
to permit the necessary decrease in fuel flow at those altitudes. Extreme richness, of course,
manifests itself both in a reduction and fluctuation in speed and torque. Curve sheet 6 shows
the brake mean effective pressure and brake horsepower to vary linearly with density up to the
point where the mixture becomes abnormal. Curve sheet 7 shows that at 1,800 r. p. m. and
at a density of 0.040 pounds per cubic foot (.6.4 kg. per cu. m.) the brake horsepower is about 42
per cent of that at the ground. This curve sheet also shows the percentage decrease in indicated
horsepower for a reduced density to be considerably greater than the decrease in pounds of air used
by the engine. On curve sheet 10 it should be borne in mind that it is the carburetion that is
directly repsonsible for the high ‘“heat in fuel over heat in brake horsepower’ and “residual heat
over heat in brake horsepower’ values, and that indirectly it is responsible for the final high
values of “heat in jacket over heat in brake horsepower’” through the resulting low power.

Those curves on propeller load work on curve sheets 11 and 12 which show mixture ratios
or fuel consumption are influenced primarily by carburetor characterlstlcs since its only adjust-
ment was at the maximum speed, 1,800 r. p. m.
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It then serves as a basis for comparing the relative merits
of the two engines and as a means of explaining the superiority of one engine over another in

of similar tests on other engines.
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any particular phase of performance.

The test shows the inadequacy of the carburetor altitude control of air-fuel ratios for

CONCLUSIONS.

heights above 20,000 feet (8,040 meters).
mechanical efficiency increases with altitude.
WasmNerox, D. C., May 12, 1920.

It also shows how the relative importance of high

TaBLE L.—English units.

Ground runs. Full power.
- Approxi- m L 1b. | B.m.e.p., Lb. of fuel | Lb- of fuel
RunNo. | mafeslii- | Rop.m. | TOES E I.persq.’ | B.B.p. | porfogr. | Perd.h.p.
1A 500 1,420 915 ‘ 122. 6 248 128 ¢ 0.52
24 500 1,640 930 1247 292 148 .51
3A 500 1,840 917 | 122.9 317 166 .52
4 A 500 1,880 877 4 117. 4 330 169 .51
5 A 500 2,180 820 ! 110.0 342 179 .52
{
Temperature, degrees F. !
ol ,’oressure,E Manifold | Baromefrie ¢
Run No. lb. persq. : _suetion, pressure, |
Oit inlet. | Oil outlet. Iackigi e\sé_ater Imclj:é%i Er;.ter Cargir_etur inch. . Inches hg. | inches kg E
i l
R. L :
1A 96 136 87 110 59 65, L0 LO i 29.4
24 123 159 88 106 59 63,12 11 29.3
3A 124 170 88 110 60 63 L5 1.3 20.2 .
44 |oo..... 162 87 110 52 65 1.8 1.5 29.1 |
5A [aeeeaaoo-n 166 92 107 59 6319 L& 29.0
| |
TaBLE I1I.—English units.
Ground runs. Full power.
i Heat distribution based on b, h. p. Heat distribution based on heat in fuel. '!
Run No. . - . -
Heat in {uel ' Heat In jack- Heia.tm ex- | Residual B.h.p., Facket Exhanst Residual
b%.oﬁ.ea; 1)_El etb—f_l(lt.lepa.g .m hua[uf)t Eof,e)“ ’f{iaﬁi%e;‘t ber Cegt. pearcéeené. per geuxftf pee;1 ceg%.’

! 1A 41 0.41 19 0.8 24 10 46 20 |
2A 4.0 .40 17 .9 25 10 42 23 i
3A 4.2 .48 L7 1.G 24 11 40 25 |
4 A 4.1 .85 1.9 .8 24 13 47 16 |
5A 4.2 .89 2.0 8 24 ] 47 20

|
- ) - | Volmetric| Thermal | Lb.sirper |
menvo. S I g VRIS RS BT
|
; |
14 ' 0073 1,870| %0 % | 146 |
24 . 075 2,150 | &9 26 145
34 075 2,380 I 90 26 143 -
4A ¢ 075 2,580, 89 26, 1.2 |
5A . 074 2,770 i 87 26 15.2 i



Tasre II1.—English units.

Altitude runs. T'ull power.
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Lb. of fuel °

. | Approxi- Torque, Ib. : L S Lb. of fuel
V0. ate alti- .p.m. 4 .mJ e, p. . h. erb. L. p.
Run No ggdgeinl?t‘ R.p.m " B.m.é. p ' B.h.p per hr ho! r‘%r' P |
‘ =~ - t-
11 A | Ground.. 1, 600 930 245 | -~ 283 150 0.53 I
12 A | Ground.. 1, 800 938 123.6 316 171 .54
134 | 5, 000 1,610 784 105.1 ‘ —241 129 .53
i4A | 5000 1,790 772 103.1 | 264 142 .54
1A 110,000 1, 600 632 847  —193 (115 .60
16 A 10, 000 1, 810 628 84,0, 216 122 .56
17 A 15,000 1, 590 511 68. 3 =155 35 LBl
I8 A | 15000 1,790 499 66.6 170 101 .59 '
194 © 20,000 1, 620 345 46.1 ~107 92 86 |
20A 1 20,000 1,820 383 51.4 o 133 92 .69 I
21 A [ 25, 000 1,780 224 39.9, 76 90 |~ L18 i
22 A I 25, 000 1,600 235 “3L5 ‘ - 72 80 1.12 I
Temperature, degrees F.
& Oilpressure,| Manifold | Barometric
Run No. ] . § Ib.persq. | suetion, pressure,
Oitinlet. | Oil outlet. 7 acl;ete':{ater J ac(l):g%lgﬁter Carl;tﬁ.etor, in. inches hg. | inches hg.
R. L.
11 A 104 141 91 117 59 66 |13 1.2 29. 4
12 A 124 164 92 111 60 64 | 1.6 1.4 29.3
13 A 113 151 88 108 58 66 1.1 L1 24.9
14 A 115 157 91 107 41 66 1.2 1.2 24,9
15 A 121 - 152 32 111 26 64, .6 .8 20.7
16 A 124 158 94 111 26 64 6 1.0 20.7
17 A 121 156 95 111 22 64 ... .6 17.2
18 A 121 157 97 | 112 19 64 .1 .6 17.0
‘19 A 118 151 94 107 13 651 .1 .6 14.0
20 A 120 " 152 98 111 11 65| ... .6 14.2
21 A 118 153 97 107 12 621 .1 .6 1L 7
22 A 116 151 .94 108 11 631 .2 .5 11.7
- &
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Tapie IV.—English units.
Altitude runs. Full power.

Heat distribution based on b. k. p. [ Heat distribution based on heat in fuel.
Bun No. | Heg intfpeli' Hetatin tEhHeat in ex-t hgfid%alt B.h.p., per | Jacket per |Exhaust, per;Residual, per|
=(heat in jacket--(he: aust <+ (hea -(hea Rt = H o vl
b.(hhap.) f mb.h.aﬁ.)a l Y h.(%e.) e Dy cent. cent. cent. cent.
I1A 4.2 E 0. 59 2.0 0.6 24 14 48 14
12 A 4.3 i .46 L8 10 23 n 42 24
13 A 4.3 04| L8 .9 23 13 43 21
14 A 43 | .45 | 18 N 23 10 43 24
15 A 48 | .65 | 18 13 21 13 38 28
16 A 4.5 .87 1.8 11 22 13 41 24
17 A 4.9 .85 19 13 20 13 39 28
18 A } 4.7 64 1 19 12 21 14 40 25
1A 6.8 .76 . 1.9 3.2 15 11 28 46
20 A | 2.6 | .67 : 2.1 18 18 12 38 32
21 A 8.4 .96 2.3 5.2 1 10 24 55
22 A |l 8.9 i .98 i 2.0 4.9 11 I 1 22 56
: 3
' ir densi Vol ic] Thermal | Lb.ai
i 2 ens - olume £r1ms. . 81 D&
, BunNo. M pe;ty, Lb. lr per eﬁcienct?,c effciency, | Db of frel,
I cu. ft. - per cent. per cent. +0.2.
|
; i1 A 0.072 |, 2,150 ! 91 25 143
: 12 A .075 2,380 | g1 25 13.9
13 4 . 084 1,840 | 91 25 © 142
14 A . 066 2,000 | 90 25 147
15 A . 056 1,370 89 23 13.6
16 A .056 1,790 ;.89 24 14,6
17 A 047 1,340 - gl 22 14.2
18 A . 047 1,440 | 37 23 14.2
19 A 039 | 1,100 | 83 18 | 12,0
2 A L0401 1240 | 83 19 . 135
21T A .033 1,080 | 89 11 11.5
22 A 033 © 930 | 91 12 116
| 3 1
* TapLe V.—English unifs.
Propeller load runs.
1 | - ! [
} Approxi- ° ! Torque. l B.m.e p, i Lb. of fuel | Lb. of fuel = Barometrie
No. R.p.m | ¢ 1b. pe ;. B.h.p. ! . h. p. ssure,
manro. waigifios Rpm | ERS TR e | TR by ppen
3 i .
: ! ; : .
1B | 15000 . 1,790 283 | 66.2 168 | 100 0.5 = 17.2
2B | 15000 | 1,680 253 53.9 ! 142 s6 | .60 | 12
3B i 15000 | 1,580 223 52.1 117 T4 .63 17.1
4B 15,000 | 1,800 159 | 46.3 100 72 .72 17.2
5B [ 15,000 = 1,390 170 39.5 | 78 66 .84 17.2
6B . 10,000 ' 1,790 358 83.7 | 2l4 17 @ .55 20.7
7B 10,000 ° 1,690 323 79.8 183 93 ! .51 | 20.8
8B ¢ 10,0600 ' 1,620 288 67.5 155 89 . . BT 20.7
9B | 10,000 ' 1,480 253 59.3 126 72 | .57 20.7
10B | 10,000 | 1,420 221 5L7 | . 104 71 .68 . 20.7
1B | 5000 | 1,780 437 102.2 . 259 131 . 5L . 24.9
128 Il 5,000 [ 1,700 394 92.1 223 110 .49 25.0
8B : 5,000 , 1,610 348 gL4 . 187 92 | .49, 25.0
4B . 5000 . 1,510 318 744 160 ! 8% . .53, 9.1
5B , 5,000 . 1,410 266 62. 2 l 126 E 78 i .62 : 25.0
H i : i
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TasLE VI.—English units.

Propeller load runs.

. Temperature, degrees F.
Manifol Alr density, ; L. of ai
Run No. - _s‘uetiouﬁ1 ]1;1. ;I)]glj; ¥ Lgéro&” per Ib, of
Oilinlet. | Ofl outlet. J acﬁ}e\:ater T ac};&% g’ta..ter Cartg.ilrr.etor, inches Fg. cu, ft, fuel, 0.2,
: | R. L.
1B 113 152, 95 112 - 20 0.9 0.8 0. 048 1,450 14.5
2B 124 157 97 112 19 2.7 2.7 . 048 1,180 13.7
3B 123 155 95 110, 19 3.7 4.0 . 047 990 13. 4
4B 120 150 94 08 | 22 4.8 4.7 . 047 870 12.1
5B 116 146 95 110 14 55 5.4 . 048 770 1.7
6B 119 157 98 114 27 11 L1 067 1, 690 14.4
7B 122 158 97 113 27 2.7 2.9 . 0587 1,420 15.3
8B 122 157 S95 |- 113 97 | 46 4.5 . 056 1,930 13.9
9B 117 | 151 Q4 108 27 5.4 5.8 . 066 1,030 14. 3
10 B 114 147 92 106 27 7.1 6.5 . 056 900 12,7
11 B 120 158 a7 118 43 13 L2 . 066 1,990 15. 2
12 B 122 162 © 93 111 41 3.3 8.4 . 066 1,680 15. 2
13B 119 157 92 o111 41 5.7 5.5 . .066 1,450 16. 7
14 B 111 150 91 108 40 7.0 6.7 . 066 1, 250 14. 8
15 B 108 144 89 i 105 41 8.2 8.4 . 066 1,030 18.1

TasLe VII.—English units.

Friction horsepower.

| . . ] .
i Approxi- o4t Barometric] Air den-

Run No. | mak ati- | R. p.m. Fﬁcmm prgssur%, sitry, .

tuds, feet. - P inches hg. | per cu. ft.
29 B 15, 000 1,420 29 17.0 1 0.044
30B 15, 000 1,600 35 17.0 . 044
31B 15,000 1,800 42 17.1 L044
32B | 15000 1 990 50 17.0| .04
33B | 15000 2170 58| 1.1 .04
34 B | Ground 1,390 33 . 29.3 . 076
35 B | Ground . 1,610 43 29.2 . 075
36 B | Ground 1,780 52 29.1 075
37 B | Ground 1,980 61 29.1 . 075
38 B | Ground 2,180 75 29.1 075
Temperature, degrees F.

Run No. | Oflinlet. | Ofl outlet. | J2¢ket | Jacket | Carburetor,
20 B 113 143 116 118 56
30B 115 139 120 121 57
31 B 117 142 122 124 57
32B 119 146 126 128 56 °
33 B 123 153 129 131 52
34 B 124 151 121 123 53
35 B 126 147 115 117 53
36 B 124 147 104 106 54
37B 127 149 108 108 54
38 B 129 154 113 115 54




PERFORMANCE OF A 300-HORSEPOWER HISPANO-SUIZA ENGINE.

TaBLE VIII.—English Units.

Ground and altitude runs.

' i ! i {Lb.air per ! N
| § ! ! ihr.s(bair’ =& P | Mechanteal] APPrOXi-
R.p.m. | B.hp. | F.h.p. . Lh.p. o at @-};f 8t | etfciancy, adate sl
! ! X i per cent. ¥ ]
; E r.p.m.) i . p.my per cu, ft. !
1,400 | 243 ¢ 34 277 0. 66 0. 66 83 0.075
1,600 © 284 | 43 327 7519 87 075 |
1,800 | 315 [ 53 368 4 .89 85 075
2,000 { 334 | 62 396 S94 .96 84 075
2,200 | 343 | 7 415 100 | L00 | 83 .075 t
i j !
B I—‘b-ajrp".’f;E I.h.p - s B.h.p. +
Ajrden- | hr.+(1b. - - D- % yfachanical -8Bt
. sil‘c:_v, o | B.B P F.h.p. | Lh.p. | per ]{m_:,ﬁr & h'o% at eg:fené% R.p.m. cb’(}ib%a
! per cu. {t. | de%sitay). , density). | PET cent. density)
|
0.075 | 982 43 325 | 100 100. &7 | 1,600 | 100
065 ¢ 235 41 276 .86 .8 S5 1,600 .83
L0585 189 38 227 .73 .70 83 1, 600 .67
045, 141 36 177 .60 .54 80 1, 600 .50
L040 116 34 150 .53 .46 77 1,600 .41
L0353 ! 83 33 116 .46 . 36 71 1,600 . .29
. 075 318 53 371 100 1.00 86 1,300 1.00
. 065 : 263 50 313 .86 .83 S4 1,800 -8R
| .055 , 210 47 257 .73 .66 82 | 1,800 .66
. 045 158 43 201 .53 .. .50 78 | 1,800 .50
P 040 131 42 173 .52 .41 76 1,800 .41
035 96 . 40 136 .46 .30 71 | 1,800 .30
|
TaBLe [.— Melric Unils. N
Ground runs. Full power,
i o Ezgg’g‘é{_ ! Torare i B.m.e. p.,i Ke. of fuel‘{ Eg. of fuel'
+ Run No. tudei‘_u L.p.m. ke, mqéter's_;kg.cpérsq.'t B.h.p. pérhr. Eper}h;_h.p.
, meters. : l ‘ T
| f ! 1 |
1A 130 | 1,420 | 126 8.6 , 25 58 | 023 |
- 24 0 150 1,640 ! 128 8.8 296 67 .23
3A - 150 | 1,840 | 127 , 8.6 322 Bl .23
4\ 150 1,980 ! 121 . 8.2 : 335 77| L23 -
54 1 15 | 2180 . 13 | 7.7 I 347 81 l 23
| Temperature, degrees C. !
' : -\ Of pres . B tri
Run No. i : ;sure,lggr.e ;er %gffggsglge- p?‘lteosg%;e,mi
o | omoonen | TR ST | g e | T e .
! R. L.
14 ¢ 35 58 31 43 15 4.6 2.5 2.4 74.7
24 L &0 71 31 41 15 44 | 3.0 29 74, 4
3A t 52 T 31 43 15 4.4 3.7 3.4 4.3
44 ... 72 31 43 15 46 4.6 3.8 74.0
BA ... 74 33 42 15 4.4 4.9 4.5 73.7
i
54889—21 38
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TaBLe I1.— Metric unils.

Ground rumns.

Full power.

i Heat distribution based on b. h. p. Heat distribution based on heat in fuel.
T T
Heat in Heatin |Heatinex-! Residu.a] L
RunNo. |facl+(heat| BT | R BEEE | DANRE | pereet, | poramp ! pedusl
b B-pY 5 hp). | B.B.p). . B.h.p.). i
| : i
; 1A 4.1 0.41 L9 0.8 24 10 46 - ! 20
24 4.0 .40 1.7 .9 25 10 42 23
3A 4.2 .48 1.7 1.0 24 11 40 - 25
44 4.1 .85 19 .6 24 13 . 47 15
5 A 4.2 .39 2.0 .8 24 t 9 Il 47 | 20
I' ' a Ai}; Keaf : ‘Eo%u; tl?mkel Kg. }i{iir E
| mano. | gl | Keol | metle | e | pikg |
. cu. m. ' per cent. | percen - +0.2, i
1A 1.20 850 ~.90 26 14.6 t
2 A 1.20 970 89 26 14.5
3A 1.20 | 1,080 290 26 14.8 |
4 A 1.20 1,170 89 26 15.2
5 A 119 1,260 87 26 15.2
Tasie IIT.— Metric units.
Altitude runs. Full power,
Approxi ! o ] ]
* A s | B.m. e p. Eg. of fuel
Run No.s mate R.p.m, ‘,I‘orque in e, po B.h.p. Kg. of fucl b. h.
un Ne iI?IItéEEltlgreS. P yg meters. sof’ il 7 P- | ‘per hour. P;r e ¢
11 A Ground ; 1,600 128 8.8 | 287 68 0.24 :
124 | Ground | 1,800 130 8.7 320 78 .24 ]
13 A 1,520 1, 610 108 7.4 i 244 59 .24
14 A 1, 520 1,790 107 7.2 268 64 .24
15 A 3,050 1, 600 87 6.0 195 52 .27
16 A 3,050 . 1,810 87 5.9 219 85 .25
174 @ 4,570 © 1,590 71 4.8 157 43 .27
18 A 4,570 1,790 - 69 4.7 173 46 . .26
19 A 6,040 1,620 48 3.2 109 42 .38
20 A 6, 040 F 1,820 53 3.6 135 42 .81
21 A 7,620 L 780 31 2.1 i 77 41 .53
22 A 7,620 1, GO0 32 2.2 ‘ 73 36 .50
! ! . }em ; | [ T
perature, degrees C. ; ; i
‘ PO i Manifold Daro-
| RunNo. [T o | saer |sackes we | commrer | Bhgoper | suetion, | meltle
i acke acket wa- rbure- | . . hg. ’
inlet. outlet. Ewater inlet.] fer outl‘gt. t%r auir. i 5q. cm. E e e em. hg.
o ) R N
11 A 40 61 } 33 47 15- . 4.6 : 34 3.0 74.6
12 A 51 73 33 44 16 ., .45 , 3.8 3.6 74.4
13 A 45 66 31 42 L. 14 4.6 f 2.7 2.7 63.3
14 A 46 69 33 42 5 i 4.6 ;3.1 31 63.3
15 A 49 67 33 44 -3 45 - 1.6 2.0 52.5
16 A 51 70 34 44 -3 45 ; 1.5 2.5 52.5
17 A 50 69 35 44 -6 4.5 | L8 43.7
18 A 49 69 36 _45 -7 - 45 ; .2 L6 43.2
19 A 48 66 34 42 —11 . 4.6 % .4 1.8 35.6
. 204 49 67 37 44 —-12 = 46 .1 1.6 36.0
| 21 A 48 67 36 42 11 4.4 . .3 16 29. 8
| 22A 47 66 34 41 —-12 4.4 | .4 1.3 29.6
: s | e B

iy
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A 300-HORSEPOWER HISPANO-SUIZA EXGINE.

TasrLe IV.—3Meiric uniis.

Altitude runs.

Full power.

v

Heat distribution based on b. h. p.

"Heatines-! Residual |

&
H

Heat distribution bascd on heat in fuel.

Heatinfuel| .B3tIn ey ™5 P Tacket = <. ' Residual {
Run No. -:E(%eat)m J?ﬁé:ttm ' I(lgé!;%in ‘ (%fe?ﬁin pc‘r%egt’, pzs;ccl'fnf:, p?l??eu;tf ' Rpgfgal;?t.’ ;
i -D.Dp. b.h.p.} b.h.p). bRop) ; ; . i E
IR 3 r i : PSSR |
d : . i - i
| 114 4.2 0.5 | 2.0 0.6 2t . 14 48 14 |
124 4.3 .46 , LS 10 23 | il 42 24 ¢
P13 A 4.3 54 L L8 .9 23 | 13 43 21 |
P14 A 4.3 .45 1.8 1.0 23 10 43 24
[ 154 43 .65 1.8 1.3 | 21 | 13 38 | 28 |
| 16 A 4.5 .57 1.8 1.1 ¢ 22 13 41 24 |
1T A 4.9 .65 1.9 L3 20 | 13 39 28
. 184 1.7 64 19 - T 14 40 25 |
P19 6.8 .76, L9 3.2 15 | 11 28 16 .
| 204 5.6 T2 1.8 8 L 12 38 32 !
P21 A 9.4 .96 0 2.3 5.2 11 10 24 55 |
| 224 8.9 .98 . 2.0 4.9 1 1 22 56 |
; i : - —i
\ Vvl t Kg. ai H
L dqenar w1 ootE | Thermal A
Run No. ! %{Egnbl pze)r! fxici'ﬁir [eﬁgy,gemﬁl%‘g’ %guei !
i cwom. t per cent. ; DT oent +£0.2.
LA 5 116 970 91 2 143
124 .20 1,080 | 91 25 13.9
13 A 1.02 830 | 91 25 142
; A 106 950 | 90 % L7
1 A | .90 710 ¢ 89 | 23 18.6 |
, 14 | .90 810 | 89 F 24 4.6 |
{ 7A L L76 610 ° 91 | 22 4.2
184 1 .76 650 © 87 | 23 2
194 + .63 500 . 88 ! 16 12.0
WA | .64 560 | 88 19 13.5
a1y b .53 470 | 89 ! 11 11.5
22 A .53 420 | a1 | 12 11.6
t F 1
TasrLe V.— Metric units.
Propeller load runs.
Approxi- | B | 'B.m.e. ¢ fre of | Bare
BunNo. | BN mopom JOG kel nobp SRS epe | mec
in meters. : i . i l -P- l cm. hg.
EB 4,570 § 1,790 39 4.6 170 45 0.27 | 43.8
2B 4,570 ; 1,680 | 35 4.1 144 39 .27 7 43.8
3B 4,570 | 1,680 | 31 3.7 119 23 .28 | 43.5
4B 4,570 | 1,500 | a7 3.2 101 33 .32 1 437
5B 4,57 1,390 | 23 . 2.8 S0 30 . .38 | 43.7
5B 3,050 | 1,790 | 50 = 5.9 217 53 ' .25 52.6 |
TB . 3,050 | 1,600 | 45 ' 5.3 185 42 .23 0 BT
%B i 3,050 | 1,620 ! 40 1 47 157 40 .26 1 524
9B i 3,050 | 1,490 | 35 ;42 , 128 33 .26 . 525
10B 3,050 | 1,420 | 31 3.6 , 106 32 | .30 . 525
1B - 1,520 ! 1,780 ! 60 7.2 1 263 60 .23 | 63.3 |
2B 1,520 | 1,700 | 54 , 6.5 . 227 50 .22 | 635 i
3B L.520 @ 1,610 4 5.7 © 190 42 | 22 | 63.6 !
4B © 1,520 § 1,510 44 | 52 : 162 38 | 24 | 637 |
5B 1,520 | 1,410 37 i 44 ¢ 128 B[ .’ 835
!

1
|
!
r

|
|
!

593

i



594

TaBLE VI.— Metric units.

Propeller load runs.

ANNUAL REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.

Temperature, degrees C. Alr I;
—! Menitoldsuction, | acnsity | Kg.ofair ‘f{ef;"]fé}‘fj; ;
Oitouttet | Jacket | Jacket war|Carburetony R gl | PR huel 02,
) Right. Left. '
1B 67 35 45 -7 2.4 21 0.76 660 14.5
2B 70 36 45 -7 6.9 6.9 77 540 ‘13,7
3B 68 35 43 -7 9.4 10.6 .76 450 13.4
4B 65 34 42 -5 1 122 12,0 | .76 390 12.1
5B 63 35 43 —10 14.0 13.6 | 7T . 350 11.7
6B 70 - 37 46 — 3 2.8. 2.8 | .91 770 14.4
7B 70 36 45 -3 6.9 7.4 | .9 640 15.3
8B 70 35 45 -3 11.6 114 .90 560 18.9
9B 66 34 42 -3, 151 4.7 - .90 470 14.3
10B 64 33 41 -3 ¢ 18.0 16.4 . 00 410 12.7
11B 70 36 48 +6 ! 3.4 80 ¢ 105 900 15.2
12 B 72 34 44 + & 8.4 87 : 1. 06 760 15.3
138 70 33 .44 4+ 5 14,4 140 © 1.06 660 16.7
14 B - 65 33 42 + 5 17.8 17.1 : 1.07 570 14.8
15 B 62’ 32 41 +5 ] 225 2.4 ' 108 460 13.1
! : . L ~
TasrLe VII.— Metric units.
Friction horsepower.
Apprgxi- ) F“. » . Batm_- a Ai_l;'
- - ieti ;
Run No. | gifitde, | Repem | V™ predure, | ke per’
meters, eI, hg, ¢l m,
29 B 4,570 1,420 29 43.3 0.70
30B 4, 570 1,600 35 43.3 .70
31B 4,570 1, 800 T 42 43.5 .70
32B 4,570 1,990 51 43.3 .70
33 B 4,570 2,170 59 | 43.4 .71
34 B | Ground.| 1,390 34 . 74.3 1.21
35 B | Ground.| 1,610 44 74,2 1.21
36 B | Ground.| 1,780 53 74.0 1.21
37 B | Ground.| 1,980 62 78.8 1.20
38°B Ground.! 2,180 76 i 73. 8 1.20
Temperature degrees C.
RunNo. | Oilinlet. | Ofloutlet, | J2¢ket | Jacket | Carbu.
29 B 45 62 47 48 13
308 46 60 49 49 14
31 B 47 61 50 51 14
32B 48 63 52 53 13 -
33 B 50 67 54 55 11
34 B 51 66 50 51 12
3B B 52 64 46 47 12
368 51 64 40 41 12
37B 53 65 42 42 12
38D 54 68 45 46 12



PERFORMANCE OF A 300-HORSEPOWER HISPAN(Q-SUIZA ENGINE.

TaBLe VIII.— Meiric units.

Ground and altitude runs.

t i 1 :
f ; H B}
! gK%Ia:u+1jer‘t %hﬁ.p' = l{gcglan- gﬁ?axé-. -
R.p.m B.h. p. [ F.b. p. Lbp. pe(fgégrﬂatj ¢ .2,2(%8 eﬁiglgency, (}i{egnsgg
l | r.2§. P ; L.p.m.) percent. on. m.
i .l |
i | 1
1,400 246 | 34 . 250 | 0.66 b ooee ss | L2
1,600 288 . 4 332 .79 [ .79 [ 87 1.20
1, 800 319 54 . 373 . .84 .89 .85 1.20
2,000 339 I 63 402 ! . . 96 84 1.20
2,200 348 73 421 ;. 1. Qo | 1. 00 83 1.20 |
i :
. JEERIPer 1 pop o | Mechan- Bhp e
e B.%.p | Fhp | Lhp (kg sir per @hopat| el o | Ropom (BBhpat
’ 3353%313. density). | percent. | demsity). |
t,
1.20 236 44 330 1. 00 1.00 87 1,600 100
1.04 ! 238 41 279 .86 . 85 85 1, 600 .83
.88 | 192 39 231 .73 .70 83 1, 6G0 .67
.72 143 36 179 .60 .54 80 1,600 .50
.64 | 118 35 153 .83 .46 i 1, 600 .41 i
.56 84 33 117 .46 .36 71 1, 600 .29
120 322 54 376 1.00 100 86 1,800 100 ,
1.04 267 50 317 .86 .83 &4 1,800 .83 .
.88 213 47 260 .73 . 66 82 1,800 .66
.72 160 44 204 .59 .50 78 1,800 .80
.64 133 42 175 .52 .41 76 1,800 .41
.56 | T 41 138 .46 .30 71 1,800 .30 I
| i

595



596

ANNUAL REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.

Fig:3.
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Borometric Pressure iir crm.of Ho. Approx. Barometric Pressure i cm.of Hg Agprox.
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