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NATIONAL ADVISORY COMMITTEE ,FOR AERONAUTICS

TECHENICAL HMEMORANDUM NO, 738

INVESTIGATION OF A RATEAU SUPERCHARGER FOR
A 700~-HORSEPOWER AIRPLANE ENGINE*

By Hermann Oestrich

I. DESCRIPTION

This supercharger is designed for supercharging a le-
cylinder water—cooled engine of 720 hpe. at 1,700 r.peme
It is a two-stage centrifugal compressor driven by the en~-
gine through a Farman clutch. Its chief characteristics

are:
Delivery, 0.67 kg/s 1,48 1b./sec.
Pressure, 1,033 abs. atm. 15.185 1b,/sq.in.
Speed, 1,700 r.po.m,.
Compression ratio, 2
Type of supercharger, centrifugal compressor
Gear ratio, 12,3
Type of rotor, open on both sides
Number of stages, 2
Stege 1 Stege 2
Number of rotor vanes, )
Number of guide wvanes, none none
Outlet diameter of rotor, 260 mm 260 mm
(10.24 in.) (10.24 in,)
Inlet diameter of rotor, 164 mn 152 mm
(6646 in.) (5.98 in.)
*"Untersuchung eineguAﬁgiédg;;még;‘;;;;;—;58;PS~Flugmotor."

Automobiltechnische Zeitschrift, August 25, 1933, pp. 405~
411,
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Stage 1 Stage 2

Inlet angle B, at rotor . - 90° 90°
Outlet angle B, at rotor . .. 90° 90°
Width of vare passage at outlet . 18.0 mm 16,0 mm

(Be71 ins) (0s63 18s)

Width of vane passage at 'inlet
with d=180 mm(7.1 in.) (stage 1) 325 mm 31,0 mm
and &=170 mm(6.7 in.) (stage 2) (1e28 in.) (1l.22 in.)

Outiet angle of inlet guiding ap-—-
‘paratus at maximum inlet diameter B "
of rotor 38 46

Further details are shown in figures 1 to 7. ©See figure 3
for table of dimensions.

II. TESTING

For more thorough investigation, the -supercharger was
mounted on the test stand of the DVL (Deutsche Versuchsan-
stalt fur Luftfabrt). In order to produce the condition-:
of operation at high altitudes, the air inlet was throt-
tled, On the outlet side, the air was conducted through a
short wide stack into the open. The tests were made with
the following instruments and methods:

Air measurement: 1912 standard nozzle, diameter
1200mm (4.72 i)

florques cradle-type dynampmeter.
Revolution speed: DVL tachometer.

Inlet pressure: U-tube with mercury.
Outlet pressure: U-tube with water.

Inlet temperature: alcohol thermometer.
Outlet temperature: thermocouple.

Several series of tests were made, in which the r.peng
was gradually increased. Bach reading was taken after the
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torque had become constanf, A constant inlet temperature
was not awaited, so that the outlet temperatures had to
be corres nondlngly corrected.. .

The measured values are given in table I+ Wibh thexr
help the work diagram of the. supercharger (fig. 8). was
plotted in the u ual manner. . It is valid for an intake
temperature of 20°p. (680“ ) and a final pressure of 15,0383,
"abs. atm. (15.185 1b./sqein.), and shows the relation be-
tween quantity delivered, compression ratio, TePele, pPOWET
required, and efficiency. If the intake temperature of
the supercharger is altered, the compression ratio at a
given r.pems is also altered.” The compression ratio at
another intake temperature is determined on the basis of
the fact that the adiabatic delivery head for the volume
delivered is nearly constant.¥ A work diagram of general
application is therefore obtained if, instead of the co-
ordinates of figure 8, the volume delivered, based on the
1nnake condltlon,‘ls chosen as the abscissa and the effec~
tive adiabatic dellvery head ‘as the ordinate, as was’ done
in figure 9. In the latter: flgure the lines 0f constant
revolution speed and constant efficiency are, within broad
limits, independent of the intake pressure and temperature.
The other lines are valid for a final pressure of 760 mm
(299 in.) Hg and a relation between the intake pressure
and temperature correonondlng to that in the CINA (Commit-
tee Internatlonale de Navigation’ Aerlenne) standard atmo«—
phere. : ;

By the adiabatic delivery head is meant the amount of
‘energy required for the adiabatic ‘compression of one kilo~
gram of the air to the desired final pressure. - For the
adiabatic  delivery head Hzd in the compression from the
pressure p, to the pressure p,, with the customary no-

tation in thermodynamics, we have

*¥*This restriction must be made because the volume deliv-
ered varies during the compression and the proportional
variation is also affected by the compression ratio,
Heance the air velocities at the rotor inlet and outlet,
which decide the delivery head, cannot be fully and defi-
nitely determlned from the rotor TeDos m,'and 1ntake vol—
umes : :
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Wlth thls equatlon the compress1on ratio pz/p1 at.a given
1ntake teuuerature can therefore ‘be calculated from the ad-
1abatlc dellvery head Had and: the ‘intake temperature 'Tl.

Th. oraer to 51m311fy the determlnatloh of the compr9531on
ratlo, tae functlon

-
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Was plotued in fl"ure lO. After tne dellvery heed gas

been determined from figure 9 for a certain operatlng con—

dltlon, the corresponding, compress1on ratio is them ob~ .

tained by dividing the delivery head. by the absolute e

take temoerature and 1htroduc1ng the quot1ent 1nto f1gure -
lO. ,

o supercaargers the conetant~pressure alt1tude is . -
Just as 1Lbort1nt as the. compres sion ratio. By this is
,reent the. altltvde up, to which the supercnarger is ahle to
compress the air to the pressure at sea level.

The difference between the adlabatlc delivery nead
and tne constant-pressure altltude is small., The explana~-
tlon of this is simple. [The ex tence Qf. equlllbrlur in
the. atmosphere is based on the assumptlon that the, con~
pre°51on energy abaoroed by one kilogram of air in pa531rb
Trom ‘the altitude 'H, to the daltitude nz, under con-
stant heat exchange with ‘the énvironment, mist egqual: the
energy . given . off by it .due to. the change in altitude..

v I A then

o ok oy

i A ;. vl
Hy. = _.[ v. dp = f TE :
P iy W om0

where the relation prevailing in the atmosphere at the
time must be inserted between p and v. If the relation
is inserted which was established by the CINA for the stand-
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ard atmosphere on._the basis.of numerous. experiments, H,
représents the CINA altltude correspondLng to. gin; condi-
tion lo

Since, in the compression on the basis of the rela-
tion between p and v in the CINA atmosphere, the tem-
perature of the air increases, although not so much as in
the adiabatiec compression, the gebmetric altitude H,, at
which the air is in the condition 1, must be lower than
the adiabatic but higher than th 1e isothermal delivery head
regquisitie for- 1ts comprosglon “to the atmospnerlc pressure
at sea lovel, .

Figure 11 represents the relation between the CINA
‘constant—~pressure altltude and the requiﬂlte delivery ..
head for attaining this altitude. In order to enable an’
accurate reading in‘a small 'space, "’ the difference between\
the adiabatic delivery head and the correspoq&ing CINA
constant-pressure altitude was: plotted dgainst the CINA
altitude and the: adlaoatlc del1verJ heady It is seen that
the.differeénce .is very sllght 03ﬁ0c1a11y for altitudes
below 6,000 ' m (19,685:f%t,)s ~Figure 11- also contains the
dec;eaoo in the.absolute’ temperature' T “gAd the relative’
decrease in the. air pressure” p "and’the alr den31ty y
plotted against the CINA altitudes : :

With the aid of these relations; the CINA constant-
pressure altitude .and the corresponding.CINA compression:
ratio, for a given revelutbtion speéd and-quantity deliv~"
ered, can be immediately determined from figure 9, In or=
der to.enable a quick approximation o¢f these values from''
figure 9, the CINWA constant-pressure altitudées correspond-
ing e the adiabatic delivery: head and the correspondlng-f
CIWA compression ratio were plotted on a special scale of
ordinates. TFigure 9 also countains 'the lines of constant
power and delivery weight resulting from normal atmos-
pheric conditions and a fimnal pressure of 760 mm Hg. ® ¥
These lines, as: likewise the‘special ordinate scales, are
tgerefore walid only: for the case wherc the ‘same relation
ex1sts between temperature :and pressure ‘in the CINA atmos~
phere and where the final pressure is equivalent to 760 mm
Hg in;antrastiithfthe lines of constant revolution speed
and efficiency, which are indepeandont of the initial tem-
perature and pressure and always remain practically con-
stant.*
¥Slight variations in the adiabatic efficiency are due to
the fact that the mechanical-friction losses do not vary
according to the power required for the compression., See
footnote, page 3, regarding slight variations in adiabatic
delivery head.
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The delivery weight G and the required power X
can generally be calculated from

bl
G =V, vy =V, 0.464 5= ke/s
: -

and Heff

where Db denotes the aerodynamic pressure in millimeters
of mercury and the subscript 1 refers to the intake con-
dition.

The power curves in figures 8 and 9 show that the best
adiabatic efficiency is somewhat above 54 percent and is
attained at 1,400 r.psm., and for a delivery of 0,775 m3/s
(27437 cusft.,) (based on the intake condition), the adia~-
batic delivery head being 4,900 m (16,076 ft.) and the
corresponding CINA compression ratio 1,81, For normal op-
eration (n = 1700 r.peme .and G = 0,67 kg/s (1.48 1b./
secs)), the adiabatic efficiency mygq = 52 percent, the
adiabatlc delivery head Hzq = 6,500 m (231,335 o1 P R
CINA constant-pressure altitude Hgrya = 6,240 m (20,472
ft.) and the CINA compression ratio (Po/p)CINA = 228

In order to understand the flow conditions in the
supercharger, the air velocities at various points, the
theoretical delivery heads and several characteristics
are given in table II. Of the theoretical delivery heads,
only those obtained without guide vanes can be accurately
determined. It appears hopeless to try to calculate the
influence of the guide vanes on the delivery head for any
given delivery quantity, because the flow conditions in
the guiding apparatus are so unsettled. This also ac-
counts for the inability to calculate the delivery quanti-
ty for undisturbed inflow. Judging from the angles of the
inflow guide vanes, the delivery quantity under normal op=-
erating conditions seems to be less than for undisturbed
inflow and the same revolution speed.

For the delivery quantity with undisturbed inflow in-
to the rotor, the theoretical delivery head could be cal-
culated on the basis of an assumption more clearly desig-
nated in table III
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III. SUMMARY

The Rateau supercharger investigated had, under nor-
mal operating conditions (n = 1,700 re.pems &and G = 04,67
kg/s), an adiabatic efficiency of 52 percent, the CINA
constant-pressure altitude being 6,240 m (20,472 ft.) and
the correspoanding CINA compression ratio being 2.22. 1Its
best adiabatic efficiency was 54 percent at 1,400 r.p.me
and with a delivery quantity of 0,77 m3/s. The power re~-
quired under normal running conditions was 110 hp. In or-
der to understand the flow conditions in the supercharger,
the air velocities at various points, the theoretical de-
livery heads and a few characteristics were calculated,

IV. APPENDIX

Calculation of the Mean Inlet Diameter

The mean inlet diameter is necessary to determine the
theoretical delivery head with undisturbed inflow. In this
case the generally valid formula, for a blower with radial
vanes at inlet and outlet, is

" 4 -
Htheor.® = g (wz® =~ u,%) (1)

In the blower investigated, the inflow into the rotor does
not occur at a certain definite diameter Dy o buat., a8
shown in figure 12, at diameters between D, and Ds, 1i.e.,
an an annular opening. The peripheral velocities there~
fore lie between wu, and ug.
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Table I. Experimental values

Date: Aug. 12, 1931, 041 temperature: 50 to 60°C
Barometer: 758.,2 mm Hg 01l pressure: 2 to 3 atm.
Temp. increase of
; Pressure | Pressure | Pregsure | Tempera- | .- |
No. | Time Thr?ﬁ,e Savidien) Conniithed beforesu-| behind |difference| ture air | '" ‘Superchaqn
position| speed torque h 4 | i | I Elow ¥ Begin'g. | End
percharge nozzle Nn nozzie nriow of'experlmenf
% H H,0 .
h:min, rp-m. |.537 mkg | it ol | neg pras. | ™™ H2© Degrees centigrade
o 50 1000 49,0 151 185 155 20 31,7
2 | 50 1163 60,5 189 | 228 194 | 43,2
3 | 35 | 1008 49,0 154 182 154 ‘ 328 |
4 R T 50,1 240 e | 9% | | 495 |
5 10 - |- 1340 61,3 296 130 110 ‘ ‘
6 10 1520 70,2 340 | 142 1300 |
7 10 1595 74,9 363 149 | 124 | | |
8 10 698 | 221 102 | 50 43 [ 20 | 190
9 10 9n2 ||l " 888 160 78 67 o 29,3 30,5
10 10 1112 47,5 291 : 104 88 20 438 | 452
11 10 1320 58,7 288 122 104 | 20 625 | 66,0
12 10 1450 66,5 825. | 135 116 20 77,2 79,5
13 10 | 1705 80,6 384 150 326 {90 1030 | 107.0
14 | 246 15 | 702 93,2 92 | 75 63 21 23,3 21,2
1 15 | 925 38.0 149 121 102 21,5 293 30,5
16 | 15 | 1093 50,3 195 169 136 21,5 41,4 41,4
17 15 ‘ 1247 61,5 232 189 158 21,5 54,2 85,3
18 | 15 | 139 72,8 272 218 185 ’ 21,5 66,0 67,7
19 | 2 57 ( 20 | 710 | 242 J 93 85 ‘ 4 | 25 [ 155 15,5
20 | 302 | 20 917 38,7 ; 142 136 115 | “loiig 25,8 25,8
21 ‘ 308 | 20 | 1092 52,1 ‘ 187 180 154 L 210 37,4 38,7
22 | 20 1318 69.9 241 230 197 | 210 55,3 57,6
23 | 306 20 1310 70,1 242 232 198 % 5| =810 58,7 58,7
24 | 314 35 665 22,8 ; 84 83 70 505 16,3 16,3
2 | 316 35 905 39,5 1 135 144 121 20,3 23,3 23,3
26 | 317 3 | 1080 52,8 1780 | 191 ‘ 163 20,2 36,2 37.4
27 | 320 35 1328 71,6 |+ 285 247 212 20,2 54,2 55,2
28 | 3 22 70 713 25,2 91 | 91 % . | 204 SR
29 | 3 24 70 912 39,5 137 J 146 | 123 20,3 258 | 28
30 | 326 70 | 1090 53,0 ; 180 | 196 | 167 [ 202 35,2 | 37,0
31 | 328 70 1208 62,6 | 206 | 222 190 20,0 45,0 | 462
32 | 382 8./ esw | s ‘ 107 ‘ 26 24 | 200 28,1 24,7
33 | 334 8 | 947 30,1 1 186 41 34 | 200 35,2 37,4
34 3 36 8 1115 37,3 236 48 42 | 20,0 48,3 50,7
3 | 337 8 ( 1332 | 469 |\ s1e | 51 4 | 200 70,5 75,0
3 | 339 | 8 1540 | 547 | 366 | 54 46 | 200 95,5 101,0
37 | 8 | 1760 63,2 430 54 | 47 L 200 125,0 136,0
38 344 9 698 19,6 106 39 32 20,301 S| S gty 24,7
39 | 347 9 937 31,7 J 174 60 53 20,3 340 | 352
40 | 3 48 9 1090 10,7 225 73 64 20,0 449 | 462
41 | 3 51 9 1340 54,1 [ 300 90 76 20,2 660 | 685
o 9 1505 63,3 | 353 100 | 85 20,2 - 8e:3) i 1807
43 | 355 9 | 1765 74,7 | 415 i 107 ‘ 90 20,5 113,0 118,56
T T T 1
44 | | 10 1735 82,6 402 148 126 | 203 106,0 113,0

* Simultaneous temperoture of air in nozzle

mkg x 7,23298 = ft,-1b,
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TABLE II. Investigation of Flow Conditions

Operating
conditions
Symbols Best
Normal |effi-~
ciency

l. Supercharger inflow_and outflow

Intake air volume Ve 1406 19, 77D xe/ s
Revolution speed ng 1700 1400 TePellas
CINA constant-pressure alti- |
tude Hoiva 6240 | 4750 m
| PoxN
CINA compression ratio e 2e22 181 -
P /c1va
Adiabatic efficiency Nad 0.52 0.54 -
Mechanical efficiency of su-
percharger including drive,
Hydraulic efficiency, based
on adiabatic performance i Mayd.ad., | 0577 0.60 -
i
/ m\
Relative temperature increase, I{%; L2288 | Lsl865 >
adiabatic \*/ad
Relative temperature increase, t ™\
effective (with mMy.q..a s 1.447| 1.311 -
calculated) e Trefs
Resulting compression exponent n 1.86 1.84 -
Intake temperature (corre-
sponding to CINA constant- B 247,.5 257 ox

pressure altitude)

Outflow temperature (calcu-
lated) | B 358 | 337 b
{
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TABLE II (continued)
Operating
conditions
Symbols Best
Normal |[effi-
clenecy
Air density ratio
72N .
Y. B\ (X 1,535 | 1.381 | =
ki P/ \’Y/Off
Outflowing air volume . 0.683 | 0.562 | m3/s
Inflow sectilion of supercharger Feo 123 123 cm=
Outflow . i 4 . 95 96 cm?
Intlow velocity of air Ca 86,3 63 m/s
Outflow 5 W By 2 | 8,1 1 n/s
2. Stage 1
Axial flow section before en-
trance to first rotor Moy 179 179 | on®
Mean axial~flow velocity claxpy 5897 43,3 m/s
Plow section in rotor at
r = 90 mm (3.54 in,) P 174 174 | om®
Flow volume at rotor inlet
(r = 90 mm) o 1,05 |0.775 | m3/g*
Relative velocity in rotor
(r = 90 mm) iy o 6043 | 44.5 | m/s
Flow section at rotor outlet Fi, 146 146 cnP
Flow volume " " " o 0.928 |0.709 |m3/s*
Relative velocity at rotor
outlet W', | 63.5 | 48+6 | m/s

566 table ITI.



N.A.C.A, Technical Memorandum No,

TABLE II (continued)

738

i1

Operating
conditions

Symbols » i Beat |
Normal |effi-
ciency
3. Stage 2

Axial flow section before in-

let to second rotor Max 141 141 cn?
Volume of flowing air L 0.830 | 0.652 | m3/g*
Mean axial wvelocity c"axpy 58.8 46.2 m/ s
Flow section in rotor

(¥ = 85 mm) (3.36 in.) O 158 158 | ew®
Flow volume in rotor

(r = 85 mm) L 0.830 | 0.652 | m3/s*
Relative velocity in rotor

(r = 85 mm) wloe | BR.5 41.3F m/8

z I
Plow section at rotor outlet . | " | 130 130 cm®
l

Flow volume " . ’ L i 0.750 0,603 | m3/g*
Relative velocity at rotor

outlet whl 57.7 46.3 | m/s
b) _Delivery heads
Effective delivery head (adi-

abatically calculated) Herr 6500 4900 m
Peripheral velocity at outlet

of stages 1 and 2 g 284.5 | 234.5| m/s
Theoretical delivery heads

without guide vanes, with

infinite number of rotor

vanes cheor.m 16450 11150 m

*See table III.
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TABLE II (continued)
| Operating
conditions
Best
Symbols | Normal | effi-
ciency

b) Delivery heads (cont.)

Minimum power factor for fi- 1 1.467 1,467 w
nite number of vanes ac-~ e to to
cording to Pfleiderer 1.883 15583 =

Theoretical delivery head 131226 7620 m
without guide vanes, with Htneor. to to
9 rotor vanes 10380 7030

Mean peripheral velocity at
rotor inlet, stage 1 ully 142.5 117.7 |m/s*

Mean peripheral velocity at
rotor inlet, stage 2 u'ly 134.,2 | 110.7 |m/s*

Theoretical delivery head ‘
with undisturbed inflow, Hiheor.® 12560 8530 m
rotor vanes o

!

Theoretical delivery head } 8560 5820 | m
with undisturbed inflow, Htheor. to to
rotor vanes 9 7930 5390 m

c) Coefficients |

Load characteristics |

V2
§o iy |
U, R22 | 8
Stage 1: 0wl93 0179 -
Stage 2: Ual 56 0.154 -
|

Pressure—~head char- E

acterigtics
|
Hors i
W = e | b 0s895 0440 -
o Lo ?
= i

*See Appendix.
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TABLE III. Calculation of Flowing-Air Volumes

at Various Points in the Supercharger

The calculation of these volumes is necessary, in or-
der to determine the air velocities at the different
points. It started with the assumption that the tempera-
ture increase of the air is the same in each stage and
that the temperature increase in the rotor is half that in
the whole stage.,

l) na = 1’700 TePDellaj Ve = 1.05 mB/S; G = 0.6’? kg/S;

fo = 3406 "8 Bulve = 34223 . ® = Il

L T/Te ! v/vVe v
[

Supercharger inlet 1 | i 1,05
Robtor 1, inleb 1 | 1 1.05

1, outlet 1308 | 14131 0.928

2, talet 1,328 | 1.265 0830

" 2, outlet 1a836 | 1.400 04750
Supercharger outlet 14487 | 1,585 0.683

3) Ba = 14400 repemei Ve = 07756 n®fa3 G = 0.587 Bg/es

T, = 267 B; pofpe = LeBly = = 1488

T T T
| /7, ; Y/Ye v
T
Supercharger inlet ; 1 ; )3 06775
Rovoy 1; imled | 4 I il DT lb
"1, outlet | 1078 I 1.0935 0.709
"2, inlet | 1.156 | 1,1885 0.652
u 2, outlet l.234 ' 1l.284 0603
Supercharger outlet ’ 1311 ! Las8L 04562

The theoretical delivery head for the rotor of the
blower investigated is therefore
* o aG
u
1 /

Etheog,® = z (9;? o A—— 1 (2)
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4
P
Tf 3———7;*—— = 1w, them u=rw, the square of ®he
mean inlet radius .
I re 4G
e S s BTN
By = 5 (3]
Over the inlet cross section ¢ = constant (approximately).
Thea ecquation (3) becomes
4
[ * v
nf = (2)

where V = denotes the flowing volume.

2 @

Now dV = cyx F = dmw r® = 2m r dr. Hence

4
2n [ Cow r3 dr
3

Pyt = T (5)

If cgx were constant throughout the inlet cross section,
we would then have V = cyx 2m (r,® - 1,°) and

» S = Tla‘ (2,2 ¢ #.°%) (6)

The axial inflow velocity is not constant, however.
Since the air flows from the entrance spiral, the veloci-
ty at the point of maximum deflection of the streamlines,
iscey, at the maximum inlet diameter, is the highest and at
the minimum deflection of the streamlines, i.e., at the
mininum inlet diameter, it is the lowest. The calculation
of the velocity distribution over the inlet cross section
might still be very difficult, due to the influence of the
inlet guide vahes, Moreover, due to the sharp bend in the
vicinity of the maxinmum inlet diameter, no potential flow
can be expected. It is therefore assumed, as an approxi-
mnation, that the velocity incrceases in proportion to the
inlet radius according to

Cax = k1 13 L7)
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Introduced into equation (5), this yilelds

3 ne = g B
4 3
r o= o= X 8)
inm 5 I'43 b 1‘33 (

For -w .., WO obtain:

T

j Stage 1 Stage 2

f
According to equation (8) i 6542 mm 61le3 mn

] " ] (6) % 6263 i} 59,3 1"

The difference in the values of 1r;,, under the
given assunmptions for the velocity distribution is there-
fore not very large. It ray bpe assumed that the actual
value of r;py differs still less from that calculated ac-
cording to equation (8).

Translation by Dwight M. Miner,
National Advisory Comnittee
for Aeronautics.
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pre
55 ]

Intake cross— P :

section Section G-H
Section E-F Guide channels

Suction side of spiral housing
Figure 2.-Inlet spiral and guide channels.

Spiral housing
(suction side) Compressed-air housing
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%
T ] Figure 3.-Cross sections of
v ) inlet and outlet spirels.
& 9 (For dimensions see table
% on following page.)
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(continued)

Housing of spiral Compressed—air chamber
Location 3
of .Ins1§e & & . " g
e g dimengionsg | Section | Inside dimensions | Section
h R A-A h R b B~-B
degrees mmn mn en® mm mm mm cm?®
0 0 82 F=20 0 155 - F =10
45 B2 114 2150 5 170 = 4,6
€0 60 142 44,2 26+5 | 18l | w42 2Ok
1356 84 166 6342 a7 192 50 18.0
180 103 1856 798 48 203 62 292
B 2b 118 200 93.4 59 214 70 40.5
270 129,86 | 2Llw5 125 70 225 76 St
&15 141 223 112.4 81 236 82 65.4
260 1506 l282 1185 92 247 90 80.8
Inlet section Outlet section
145 X 85 mm = 123 em? 110 @ = 95 oem®
mm X 0,03937 = in, em® X 04155 = wq.in,
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Figura 4.-
Supercharger
with
driving
gear,

Figure Be=
Supercharger
snd gear
separated.

Fig\u‘e 60-
Details

of
supercharger.

Figure 7.=
Details of
supercharger
( further
separated),
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Figs. 9,10,11,12
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Figure 1ll.-Relation between CINA con-
stant-pressure altitude and requisite
adiabatic delivery head for attaining
this altitude, Air temperature,pres-
sure and density plotted ageinst al-
titude in CINA atmosphere,
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Figure 12,=Deter-
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