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NATIONAL ADVISORY COMKCPTEE FOR AERONAUTICS 

RESEARCHMEMORANDUM 

for the 

Bureau of Aeronautics, Navy Department 

ENGINEERING CORFORATION TT13-18 

TuRBoslTpERcHARGEER 

By Earl E. Coulter and 
William R. Galloway 

c SUMMARY 

An investigation of the radial-flow turbine of a Turbo Engineering 
Corporation TT13-18 turbosupercharger was made to evaluate the effects 
of inlet total pressure, inlet total temperature, and pressure ratio 
on the adiabatic efficiency. The results are presented by three effi- 
ciency parameters. Inasmuch as variation of efficiency with inlet 
total pressure and temperature may be a Reynolds number effect, the 
efficiency is shown as a function of a Reynolds number factor. 

k&tximum efficiency obtained, based on total-pressure ratio and 
corrected for 'bearing friction, was 0.82 at an inlet total pritssure 
of 50 inches of mercury absolute, an inlet total temperature of 1600° R, 
a total-pressure ratio of 1.46, and a blade-jet speed ratio of 0.62. 

INTROIXJCTION 

At the request of the Bureau of Aeronautics, Navy Depertment, an 
investigation of the turbine from the Turbo Engineering Corporation 
TT13-18 turbosupercharger has been conducted at the NACA Cleveland 
laboratory to determine the effects of total pressure, total temperature, 
and pressure ratio on effitiiency. The performance of the turbine of 
the xTT13-12 turbosupercharger, which is very similar to the 
TT13-18 turbine, is reported in reference 1. Because of the method of 
attaching the XTT13-12 turbine wheel to the shaft, the speed was 
limited to 17,000 rpm. No cooling air was used; the inlet totaltem- 
perature was therefore limited to 1400° R. 
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2 NACA RM No. E7K24 

In the present investigation, the turbine speeds ranged from 
3000 to 24,000 rpm; inlet total pressures, from 20 to 50 inches of 
mercury absolute; inlet total temperatures, from 1200' to 2160' R; 
and total-pressure ratios, from 1.45 to 4.0 (ratio of inlet total to 
outlet static pressure, 1.5 to 5.0). The cooling-air weight flow was 
held at 0.44 to 0.49 pound per second when possible. 

Al?l'ARATUS AND llWT=ATION 

The radial-flow turbines of the Tl?13-18 and XTT13-12 turbo- 
superchargers are unique in flow path and design. The combustion gas 
enters the nozzle box through two tangential inlet ducts, flows 
radially inward through the nozzle ring into the turbine wheel, and 
then discharges axially from the turbine, Because the gas flows 
radially inward against centrifugal force, the turbine operates with 
considerable reaction. Ful;l peripheral atiiseion is provided by 
18 equally spaced nozzles in the nozzle ring. The turbine wheel and 
its 17 blades are integrally machined of high-temperature-resisting 
steel. Turbine-wheel cooling is provided by passing air through 
drilled passages under the roots of the blades. 

The turbine assembly for the TT13-18 turbosupercharger is the 
same as that described in reference 1 for the XTT13-12 turbosupercharger 
with the following exceptions: (1) The waste-gate nozzle ring was 
closed off by the manufacturer; (2) the vacuum chamber for preventing 
distortion of the front section of the nozzle box under simulated 
altitude conditions was supplied by the manufacturer ana was of 
different deBi@; (3) a stiffening sleeve was installed on the turbine 
shaft between the front and rear bearings to add rigidity normally 
supplied by the compressor impellers in the complete turbosupercharger 
assembly; (4) the oil passages to the front bearing were different; 

.ana (5) the turbine wheel was attached to the shaft by a different 
method. The experimental setup is shown in figure 1. The various 
turbine clearances and the values of the cold clearances before ana 
after 86 operating hours are presented in figure 2. 

The instrumentatfon and the accuracy are the same as deBCribr3d 
in reference 1. In addition, the bearing loss was determined by 
measuring the oil flow through the bearings with a calibrated thin- 
plate orifice, measuring the temperature rise between the oil-inlet 
and oil-outlet lines with iron-constantan thermocouples, and calcu- 
lating the rate of heat rejection to the bearing oil, 
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OPERATIRG CONDIPIONS AND PROCEDURR 

Efficiency investigations were made over a range of inlet total 
pressures, inlet total temperatures, and ratioa of inlet total to 
outlet static pressure. The following table shows the approximate 
operating conditions: 

- -~ --- 
Inlet total Inlet total Ratio of inlet totalto 

pressure temperature outlet static pressure 
in. Hg abs.) m 

30 1200 1.5, 2.0, 3,0, 4.0, 5.0 
30 1400 1.5, 2,0, 3.0, 4.0, 5.0 
20 1600 1.5, 2.0, 3.0, 4,0, 5-o 
30 2.0, 3,0, 5.0 
50 1.5, 2,0, 3'.0 
30 is00 2.0, 5.0 
30 2000 1.5, Z-0, 3.0, 4,o 
30 2160 1.5, 2.0, 3.0 

At each condition, the turbine speed waB varied from a minimum 
of 3000 to 6000 rpm to a maximum of 24,000 rpm, Running was 
necessarily diBCOntinUed at some speed less than 24,000 rpm for low- 
power conditions, at which the minimum dynamometer absorption 
including bearing power loss, windage, and power absorption due to 
residual magnetism became equal to the turbine output at the lower 
speed. 

The cooling-air flow rate was held within 0,44 to Oo49 pound per 
second when possible. At conditions of low gas density and low pres- 
sure ratio, an inlet total pressure of 20 tithes of mercury absolute, 
and ratios of inlet total to outlet static pressure of 1,5, 2.0, and 
3.0, the normal cooling-air flow rate could not be matitafned and was 
lowered to 0.29 to 0.32 pound per second, 

sYMEoLs 

The following symbols are used in this report: 

1 A0 area swept by trailing edges of turbine blades, square feet 

g acceleration due to gravity, 32.2 feet per second per second or 
pounds per slug 

% mass flow of air plus fuel, slugs per second 
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turbine speed, rpm 

total pressure at nozzle-box klet, inches of mercury absolute 

total pressure at turbine outlet computed from static pressure 
and average axial component of outlet-velocity pressure, inches 
of mercury absolute 

static pressure at turbine outlet, inches of mercury absolute 

gas constant for combustion products, foot-pounds per pound OR 

total temperature at nozzle-box inlet, OIY 

total temperature at turbine outlet defined as sum of outlet 
static temperature and temperature equivalent of average axial 
component of outlet velocity head, oR 

static.temperature at turbine outlet, oR 

blade tip speed, feet per second 

theoretical jet speed, feet per second 

average axial component of turbine-outlet velocity, feet per 
second 

weight flow of air plus fuel, pounds per second 

ratio of specific heats 

ratio of turbine-inlet total pressure to NACA standard sea-level 
pressure (Pi/29.92 in. Rg absolute) 

turbine adiabatic efficiency defined as ratio of measured shaft 
.power to theoretically available power based on inlet total 

pressure and temperature and outlet static pressure 

turbine adiabatic efficiency defined as ratio of measured shaft 
power plus bearing power loss to theoretically available power 
based on inlet total presstlre and temperature and outlet static 
pressure 

turbine adiabatic efficiency defined as ratio of measured shaft 
power plus bearing power loss to difference between theoretically 
available power based on inlet total pressure and temperature and 
outlet static pressure and power remaining in outlet gas computed 
from average axial component of outlet gas velocity 
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NACA RM No. E7K24 5 

8 ratio of turbine-inlet total temperature to NACA standard sea- 
level temperature (T1/519O R) 

PO average mass density of combustion gas at turbine.outletJ slugs . 
per cubic foot 

pug mass density of mercury at 3Z" F, slugs per cubic foot 

CAIXI'ULATIONS 

The gas temperatures were much higher than ambient-air tempera- 
tures and an appreciable amount of~fuel was burned, which resulted in 
combustion products with thermodynamic properties differLng from those 
of pure air. The thermodynamic data of reference 2 was therePore used 
for the calculation of the theoretically available work, the theoretical 
jet speed V, the 'gas CoIWiXnt Rb, and the ratio of specific heats y0 

The methods of calculating the turbine adiabatic efficiencfes TJ~ 
and qw are evident from their definitions. The efficiency QP is 
defined mathematically as 

(1) 

The average axial component of.the outlet velocity Va is equal 
to the mass flow Mt divided b> the,average mass density p. and the 
area swept by the trailing edges of the blades A. 

The average mass density of the gas at the outlet 1s 

70.73p. 
PO = 

gRbto 

where 

to = To - 
Va2(Y-l) 

2@bY 

(3) 

(d-1 
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6 NACA kM No. E7K24 

Substituting equations (3) ma (4) in equation (2) forms a 
quadratic equation in terms of Va that yields 

v, = r Aopo 2 7wlr) + k+&) - $0-73&$) (5) 

Equation (5) would require a cumbersome trittl-ant-error solution 
because the values of V,, 7, and To are dependent upon each other. 
The effects of windage, conauction, radiation, and swirl in the outlet 
‘gas on the value of To were therefore neglected and To was calou- 
lated from figure 7 of reference 2. A value of y corresponding to 
the inlet total temperature was usea. These two approximations should 
introduce an error of less than 1 percent of the true value of Va. 

The outlet total pressure PO is defined as 

PO 
Pova2 

= ‘0 + 24gPm 

REWLTS 

The performance of the turbine is presented by means of three 
adiabatic efficiencies: the ratio of the measured shaft power to the 
theoretically available power computed from inlet total pressure and 
temperature and outlet static pressure 7s; the ratio of the 
measured shaft power plus bearing power loss to the theoretically 
available power computea from inlet total pressure and temperature 
=a outlet static pressure qw; and the ratio of the measured shaft 
power plus bearing power loss to the difference between the theoret- 
ically available power computed from inlet total pressure ana temper- 
ature and outlet static pressure and the power remaining in the outlet 
gas computed from-the average axial component of the outlet gas 
velocity qp. The data for the efficiency investigation of the 
TT13-18 turbosupercharger turbine are presented k table I. Maximum 
efficiency obtained based on total-pressure ratio and corrected for 
bearing power loss qP was 0.82 at an inlet total pressure of 
50 inches of mercury absolute, an inlet total temperature of 1600' R, 
a total-pressure ratio of 1.46,.and a blade-jet speed ratio of 0.62. 

The relative ma@tude of the three adiabatic efficiencies is 
shown in figure 3. The blade-jet speed ratio at the maximum value 
of q, is 0.59 and of qw, 0.62. This shift in the blade-jet speed 
ratio at peak efficiency is caused by the rapid increase in bearing 
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power loss with turbine speed shown in figure 4, No measurable change 
could be detected over a renge of loads on the thrust bearing. For the 
maximum value of VP (fig. 3), the blade-jet speed ratio is 0.61, the 
shift being caused by the decrease in the ratio qp/qw with increasing 
blade-jet speed ratio shown in figure 5. 

The scatter in the data of figure 5, especially at a ratio of 
inlet total to outlet static pressure Pi/p0 of 5, is due to small 
variations in the measured pressure ratio from the desired value. This 
pressure-ratio variation is evident in the following tabulation: 

predsure, Pi 
I 
temperature, Ti pressure 

(in. Hg abs.) (W ratio> Q/PO 

20 1600 5.157 - 5.303 
30 1200 4.965 - 5.122 
30 1400 5.030 - 5.190 
30 1600 4.977 - 5.212 
30 1800 4.796 - 5.064 

The relation between the ratio of inlet total'to outlet static 
pressure Pi/PO and the total-pressure ratio Pi/P, is shown in 
figure 6 for all inlet total pressures and temperatures. Figure 7 
shows the effect of the ratio of inlet total to outlet static pres- 
sure Q/PO on the turbine efficiency qw at various blade-jet speed 
ratios for an inlet total pressure of 30 inches of mercury absolute and 
and inlet total temperature of 1400° R. As the pressure ratio 
increases from 1.5 to 5.0, the efficiency decreases 0.02 at a blade- 
jet speed ratio of 0.5. At lower blade-jet speed ratios, the effi- 
ciency is unaffected by pressure ratio. 
total-pressure ratio Pi/P, 

FSgure 8 shows the effect of 
on the turbine efficiency I& for various 

blade-jet speed ratios. (Th 8 same data were used to cross-plot 
figs. 7 and 8.) The efficiency qp increases a maximum of 0.07 at 
blade-jet speed ratios of 0.3 and 0.4 as the total-pressure ratio 
increases from 1.45 to 4.00. The efficiency increase is less at 
other blade-jet speed ratios, The difference in the tre da 
ures 7 and 8 is caused by the increase in the ratio P 

of fig- 
qp qw at low 

blade-jet speed ratios and high pressure ratios. (See fig. 5.) 

The difference between the efficiencies qw and qp for any 
given data is due entirely to the difference in the corresponding 
value of the pressure ratios Pi/pa and Pi/PO0 For any constant 
pressure ratio and blade-jet speed ratio, the ratio qp/'qw is thera- 
fore constant for any inlet total pressure and temperature, and the 
efficiency trend with varying inlet total pressure and temperature is 
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nearly the same for both r& and qw. Cnly.the efficiency IQ is 
therefore shown as a function of inlet total pressure and inlet total 
temperature in figures 9 and 10, respectively. 

The variation of the turbine effbciency qp with inlet total 
pressure Pi for verious blade-jet speed ratios is shown (fig. 9) 
for an inlet total temperature of 16OOO R and a total-pressure ratio 
of 1.9. At a blade-jet speed ratio'of 0.5, the efficiency increases 
0.07 as the inlet total pressure increases from 20 to 50 inches of 
mercury absolute. The change in efficiency decreases with decreasing 
blade-jet speed ratio ana is 0.04 at a blade-jet speed ratio of 0.2. 

The turbine efficiency qp decreases with increasing inlet total 
temperature at an inlet total pressure of 30 inches of mercury absolute 
and a total pressure ratio of 1.9 (fig. 10). The efficiency decreases 
0.07 at a blade-jet speed ratio of 0.5 as the inlet total temperature 
increases frdm 1200° to 2160° R. As the blade-jet speed ratio 
decreases, the change in efficiency decreases and is 0.02 at a blade- 
jet speed ratio of.O.2. 

The variation of turbine adiabatic efficiency with inlet total 
pressure and inlet total temperature.may be a Reynolds number effect,< 

* as suggested in reference 3. In figure 11 the efficiency qp is 
shown as a function of Pi/Til*l, the Reynolds number factor derided 
in reference 3. The efficiency increases 0.09 at a blade-jet speed 
ratio of 0.5 as the Reynoldspumber factor kcreases from 0.006 to 
0.015. The efficiency changk over the same range of ?eynolds number 
factors decreases with decreasing blade-jet speed ratio and is 0.03 
at a blade-jet speed ratio of 0.2. At a total-pressure ratio Pi/P,' 
of 1.9, all data have good correlation. Similar plots at different 
pressure radios show the same g&era1 trends. Part of this effi- 
ciency change may be caused by the heat lost to the cooltig air. 

The gas-flow factor MtJ@@ is plotted as a function of 
corrected turbine speed N/e in figure 12. The data fall on lines 
of constant ratios of inlet totalto outlet static pressure PJpo. 
The data for pressure ratios of 4.0 antI 5.0 fall on the same curve, 
which indicates that the critical pressure ratio occurs at or 
slight&y below a pressure ratio of 4.0. The gas flow is restricted 
near the maximum attainable speed'for pressure ratios less than 
critical and at low speeds for all pressure ratios. These restric- 
tions may possibly be caused by stich a change in the angle of the 
relative entering velocity that the effective flow area is decreased 
and the entering gas whirl is increased.. Variation of gas-flow factor 
with turbine speed at pressure ratios above critical pressure ratio 
would seem to incIJcate that the critical pressure ratio occurs in the 
turbine wheel rather than in the nozzles. 
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Figure 13 is a cross plot of figure 12. For a&l speeds the 
critical pressure ratio is approximately 3.9. A convergeptnozzle 
reaches critical flow at a pressure ratio s1ightZ.y less than 1.9 for 
the gas conditions of this investigation. The resultant large pres- 
sure drop through the turbine wheel and the high value of blade-jet 
speed ratio at peak efficiency indicate a high degree of reaction, 
which is to be expected in a radial-flow turbine because the gas flows 
ratiially inward against centrifugal force. 

-Y OF RFSULTS 

From an efficiency investigation of the radial-flow turbine from 
a TT13-18 turbosupercharger over a turbine-speed range of 3000 to 
24,000 rpm, an inlet-total-pressure range of 20 to 50 inches of 
mercury absolute, an inlet-total-temperature range of 1200° to 2160° R, 
and a total-pressure-ratio range of 1.45 to 4.0, the following results 
were obtained: 

.l. The maximum efficiency obtained based on total-pressure ratio 
and corrected for bearing friction 7P was 0.82 at an inlet total 
pressure of 50 inches of mercury absolute, an inlet total temperature 
of 1600° R, a total-pressure ratio of 1.46, and a blade-jet speed 
ratio of 0~62. 

2. The following variations in efficiency with changes in inlet 
total pressure, inlet total temperature, total-pressure ratio, and 
blade-jet speed ratio occurred: 

C*ge in Inlet total Inlet total Total-pressure Blade-jet 
turbine pressure temperature ratio speed 
adiabatic pi Ti Pi/PO ratio 
efficiency (in. Hg abs.: Pm U/V 

'IP 

0.07 
0.07 

.04 
-0.02 
- .07 

30 1400 1.45 t0 4,o 0.3 and 0.4 , 
20 to 50 1600 1.9 0.5 

.2 
30 1200 to 2160 1.9 0.2 - 

.5 + . 
3. When the effects of inlet total pressure and inlet totaltemper- 

ature on the turbine adiabatic efficiency were combined as an effect of 
a Reynolds number factor P~/TI~'~, the efficiency qp increased a 
maximum of 0.09 at a blade-jet speed ratio of 0.5 as the Reynolds 
number factor increased from 0.006 to 0.015. 
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4. The critical turbjae pressure ratio, (inlet totalto outlet 
static pressure) was approxkmtely 3,9, which tidicated that the 
turbine operates w%th considerable reactfono 

Flight Propulsion Research Uboyatory, 
National Advisory CommIttee for Aeronautics, 

Clevelmd, Ohio. 

Earl E. Coulter, 

Approved: 
Oscar IT, Schey, 

Mechanical Engineer. 
D 
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TABLE I - SUMMARY OF DATA FOR TURBINE OF TTlJ-18 TURROSUPERCHARCER 

Turbine Inlet -kok31 Pressure rat' e 
Inlet to 

7 

2,970 
6,010 
7,520 
9,020 

10,610 
12,000 
14,060 
15,890 

=+% 
8,020 

10,060 
12,010 
139480 
15,990 
18,010 
20,030 

-yg 

10;010 
11,990 
149050 
16,050 
98,010 
20,050 
22,c40 

-yg- 

10:050 
12,010 
14,440 
16,020 
17,920 
20,030 
21.94 

-%-- 
81020 

10,020 
12,010 
14*000 
16,030 
18,100 
20,130 
22,060 
23,970 

2908 
3002 
30.1 
2909 
3001 
2909 
3000 
3000 
30.0 
29.9 
29.9 
3&l 
2909 
29,8 
2909 

go: 
2919 
rl7-- 

;0:1 
30.1 
3000 
3001 
30.1 
3o01 
30.1 
3000 
3002 
2909 
30.1 
30,l 
3000 
2909 
3002 
30.1 
30.0 
2909 
30.0 

3001 
2909 
30.2 
3000 

goi 
3010 
3oe2 

lo49 
fC.51 
1050 
1050 
l&O 
1050 
lo49 
log 
lo49 

-zF 
2002 
2002 
2000 
1099 
2000 
2001 
2000 
2000 

-xX7= 

;z 
3004 
3,02 
3002 
3.01 
3,ol. 
3003 
3004 

4003 
4006 
4.08 
4004 
3096 
4003 
4004 
Leo03 
3099 
4.03 

TX 
5012 

;-:: 
;I;; 

5101 
4e97 
5005 
5.08 

7zx-z xzz- 
l*& 
lo47 

?z!i 
a",57 
l&6 

i”2 -r%= 
lo93 
la94 
lo92 
lo92 
lo92 
1093 
L-92 
L-93 

zy!F 
2177 
2076 
2e76 
2076 
2076 
2076 
2078 
2078 
Tzi- 
3044 
3046 

5:; 

31-48 
3047 
3e45 

+$ 
4001 
4,700 
4.01 
4004 
4003 
4eos 
4003 
4008 
4011 

r I Bl 

4*05 
4001 
4.01 
4c.03 
4000 
3096 

==atm- 
, 4,27 

4e29 
4e30 
4.31 
4e29 
4,29 
4029 
4025 
4029 
4023 
4033 
4034 
4035 
4034 
4.36 
4.734 
4033 
4031 

4033 
4025 - 
4026 
4031 
4a31 
4e29 
4031 
4031 
4030 
4.31 
4033 

042% 
0499 
o569 
.628 
0679 

0437 

:z 
A62 
,720 
0744 
0777 

,424 

&zr 
0457 
0544 
0623 

1% 
9776 
0811 

&$ 
:465 

:2;2 
0714 
0772 

:;y; 
0770 

FE 
o484 
0552 
.626 
0704 
.741 
0758 

:;;if m 
2:; 
:z 0664 
0710 
0733 
0754 

f% 
h; 

:E 
0677 
0727 

:g 
.a786 
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TABLE I - SUMhlARY OF DATA FOR TURBINE OF ~~13-18 TURBOSUPERCRARGER - Continued 
KG&&7 

& rbine Inlet tota 
speed, N pressure, Pi PI/p0 Pi/P,, speed 

b-pm) (in. Hg 
I abs.) I I I I 

Inlet total teiimerature. Ta. 14 

2;: $9; 
10:520 
12,000 
14,050 
16,050 
16,850 
6,010 
8,000 

10,010 
12,000 
14,040 
15,990 
18,010 
20,030 
22,040 

$g 

10:020 
11,990 
14,030 
16,040 
17,960 
20,010 
21,950 

yJ 

10:040 
12,020 
14,030 
16,010 
18,000 
20,020 
22,000 

* 
8,070 

10,040 
12,010 
14,140 
16,050 
17,950 
19,990 
22,000 
23,920 

30.0 
30.0 
29.7 
30.0 
30.0 
29.8 
29.9 
29.8 
29.8 
30.2 
30.0 
29.9 . 
29.9 
29.9 

$2 
30.0 

$2 
30 1 
29:9 
30.3 
30.2 
30.0 
30.0 
30.0 
30.1 
3000 

9 
:0:: 
29.9 
30.0 
30.1 
30.3 
30.1 
30.0 
30.1 
30.0 
30.1 

g:; 
30.1 
30.0 
30.0 
30.0 
30.1 
30.1 
30.1 
30.1 

xgfl 
1.50 
1.50 
l&O 
1.50 
1.49 
1.51 
1.50 
1.49 

Tzi 
2.02 
2.01 
2.00 
2.01 
-2.01 
2.02 
2.02 
2.01 
2.00 

3.07 
2.99 
3.01 
2.99 

$2 
3:05 
4.07 
4.06 
4.10 
4.04 
4.08 
4.01 
4.05 
4.03 
4.03 

1.47 
1.47 
1.47 
1.47 
1.47 
1.47 
1.48 
1.47 
1.47 

1.93 
1.94 
1.93 
1.92 
1.93 
1.93 
1.94 
1.94 
1.93 

$f 

2:79 
2.78 
2.72 
2074 
2.73 
2.77 
2078 
2078 

-mT 
3043 
3.47 
3.44 
3.47 
3.43 
3.46 
3.46 
3046 

f+) 

4:01 
4.01 
3.99 
4.01 
4.05 
4.05 
4.06 
4.10 

0.124 
.247 
.307 
0369 
,431 
.493 
.572 

:E 
0.192 

.256 

.320 
,384 
.449 

:g 

$2 

-Y$- 
.206 

:;Z 
.3& 
0416 
0467 
0510 

:z 

:% 
,328 _ 
0377 
.422 
0470 
.516 

35s 
477 
.221 
l 264 

:2; 

:Zt 
.486 
,526 

T- ii.8 
62.6 
76.9 
86.8 

12:: 
110.9 
106.8 
103.0 
96.6 
126.1 
146.8 
168.1 

;2*; 
212:2 
209.2 
204.2 
204.0 
13107 
169.6 
208.3 

31202 

m 
19400 
237,2 
275.3 
314.7 

290.2 
335.0 
368.6 
Qo2,l 
$17.0 
02.7 
155.4 

3.20 

3.25 
3.22 

4004 
4.03 

4,00 
4cOl 
4.02 
4003 
4003 
4005 
Is,03 
4.03 
4003 

I.202 

::g; 
0511 
0570 
I62 

0633 ,629 
I.303 
0397 
0459 

:$$ 
,642 

:g; 
0641 
0647 ),249 
0323 
0391 

2Z 
:E 
.622 
0631 
0659 

Eg 
0307 
0375 
0433 
0488 
*Lo3 

:g 
.621 
0645 
m 
0284 

22 
,466 
0512 

12: 
0600 
& 

0.20s 
0382 

0472 

:ziz 

:g; 

069 

.474 

2 
.67; 
0704 
-707 
.701 
. 10 

+ 3.2 4 
0330 
,400 
.al 

0526 

.g 

0702 
m 

:;g 

0443 
0501 
0560 
0606 
.622 
061 

0680 
m 
0289 
0350 
0410 
0478 
0527 
.57O 
0599 
,626 

fi 

0.219 

0400 

.495 

:G 

.679 

.726 

.727 

:g: 
.662 

:;Z 

.748 

.742 

. 1 

+ 0.2 3 
0366 
0442 
0505 
0576 

:;i; 
0763 

m 
.%a 

$2 

0683 
0700 
0731 
o 61 

t&F- 0 70 
0354 
,424 
.492 
0567 
.621 

0728 
.762 

-- -_-_ c_ - 
‘- 

---.-. -....._ --~_-__f--. 
’ -. 

-~~-.il ----,----- 

,  “ -,.,;- : ; :  
‘, 

I  
’ _. . ,  ,- . ,  

.  . :  ‘: .- 
.  
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TABLE I - SD'KNARY OF DATA FOR TURBIhi OF ~~13-18 TURBOSUPERCHARGER - Continued 

TiFixir 
speed, N 

bPd 

3,030 

:.x0” 
9:ooo 

10,520 
12,020 
yg 

141750 
13,000 

3*9w 
6,030 
7,970 
9*990 

12,020 
14,050 
16,020 
18,000 

* 
81030 

10,000 
11,980 
13,990 
16,000 
18,020 
20,010 
22,060 

3$%= 
8,010 

10,ocQ 
12,010 

2:;: 
18:030 
20,030 
22,050 
24 050 

em 
8,030 

10,000 
12,000 
14,080 
16.020 

Inlet 
=1,5a 

1053 
lcs3 
1053 
1052 
los;a 
1052 
1052 
1052 
1053 

=-=7Fq= 
2004 
2005 
2.05 
2,03 
2002 
2.04 
2,041 
2004 

-3xr 
3009 
3009 
3007 

20,l 
20.2 
20.0 
20,o 
20,l 
20,l 
20.1 
20.1 
20.1 
20.1 
20.2 
20.2 
2001 
20.1 
20.0 
20.1 
20.1 
20.1 
20.1 
2002 
20.1 
20,l 
20,l 
2001 
20.1 
20.1 
2001 
2002 
2002 
200 1 
2001 
2002 
20.2 
20,2 
20.2 
20,2 
20*2 
2001 
20,2 

-2002 
2002 
20.1 
20.1 
20.1 
20.1 

3009 
3010 

4008 
4005 
4008 
4007 
4008 
4008 
4007 
4006 

__- ;oeah 
ZqF 
1050 
1050 
1050 
8050 
x*49 
1050 
1049 
1050 
a050 

T?r- 
1194 
1097 
1095 
1.94 
a,96 
1096 
a096 

-?iiTaT 
2079 
2079 
2078 
2078 
2079 
2078 
2b8% 
2082 
2,80 

==zz 
3046 
3045 
3043 
3046 
3.47 
3048 
3049 
3049 
3049 

TZE 
4007 
4002 
4003 
4.04 
401% 

0224 
,280 
0336 
0394 
0452 
0486 
0527 

:z; 
-6 

0177 
,234 
,292 

22 
0470 
0528 

_ 0.578 
0.143 

,192 
024 
0288 
0336 
,384 
0433 
0479 
0528 

=-=fs$- 0 
0x74 
.218 
0263 
0304 
035% 
0393 
0437 
048% 

=&g- 
1163 
,aQ5 
*246 

0288 
* 

g:; 

6718 
7400 
8206 
7707 
7903 
820% 
3zx- 
6507 
%a9 
.02,6 
.a603 
.2Po4 
AOo9 
;$*i 
* 
.12*0 
!3504 
5606 
17607 
~9906 
!16,9 
!21oP 
~26~7 
!3301 
=ygz=- 
@So7 
$108 
L7&2 
b98,6 
22SoO 
248 o-2 
~53~6 
26309 
l72.7 
rigz== 
L3503 
a6209 

r;;*; 
i4q:7 r 

2005 
2*06 
2,06 
2006 
2005 
2004 
zoo6 
2,30 
2032 
203a 
2032 
2034 
2034 
2034 
2033 
2032 

2049 
2,48 
2-49 
2049 
204a 
2049 

2047 
2049 
2.49 
2051 
2050 
205% 
2&O 
2.48 
2.49 zzzx=- 2047 
2.48 
2.48 
2o5a 
2.49 
2051 - 

Trza- 
0385 
0457 

:g; 
0661 

1% 
0727 
o 24 
a, 1021 

:2; 

22 
0624 
0677, 
0720 
0741 
m 

:3 
0478 
ow 

:E 
0688 
0706 
073 

-P )02 4 
0330 

:;z 
0643 
0663 
0699 
0726 

m 
0327 

:i;; 
0519 

& 

---~-.-~-- ..__ r- .___ 
--T---- ----- d  .- -- ---__. - 
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TABLE I - SUMMARY OF DATA FOR TURBINE OF '~'13-18 TURBOSUPERCHARGER - Continued 
T 

peed, B pressure, P% Pi/p0 PdPo 
bPd (in. Hg 

In%& tofx31 e 
18,010 
20,000 
22,030 

%$% 
7,990 10,010 

12,010 
13,980 
16,030 
18,030 
20,020 
22,070 

yfg- 

10~000 
12,030 
13,990 
16,044 
18,040 
20,040 
22,010 
23,970 
6,020 
8,020 

10,020 
n19990 
14,120 
16,030 
18,110 
20,04o 

6,120 
8.060 

10,010 
12,020 
14,020 
16,020 
18,060 
20,000 
22,130 

T$s 
8,020 

10,030 
ll,Ygo 
14,o3p 
16,060 
18,070 
20,080 
22,070 
?&?2Q 

2003 
2001 
2001 
2002 

-3001 
3ooo 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3001 

-=--36T 
29,8 
3000 
3000 
3001 
2909 
3000 
3000 
3000 ' 

2909 
5002 
so*0 
JSO*l 
49-Y 
5000 
4909 

2-3 $-2g -2-a 2-02 
200% 
2,Ol 
2000 
2000 
2-01 
2001 
2..02 
2.00 
1099 

=mf 
2097 
2097 
2o97 
2099 g:z 
3000 
3003 
3006 G 
aA9 
le49 
1049 
1049 
1.49 
1048 
1.47 

2,oo 
1097 
1097 
1097 
2000 
1099 
2,oo 
2000 
1099 
1099 

-GFf 
2094 
2091 
2091 
2093 
2093 
2,96 
2096 
3001 

-3dJ4 

- 
4oa3 
4,M 
4013 
4,163 
Tgz- 
So93 
1093 
1092 
1092 
1093 
1093 
la94 
1.92 
leg1 

2070 
2070 
2,70 
a,72 
2,72 
2075 
2074 
2077 
2079 
1047 
1.47 
1046 
1047 
a,47 

to2 
1145 
1092 
1090 
1090 
~89 
1092 
1092 
1092 
1093 
1092 
1091 
2,68 
2068 
2&i 

F% 
2:68 
2071 
2071 

047 
0450 
0491 

Tizm-- 
0238 
0297 
0357 
,416 
04776 
0535 

:giz 
0685 

-0XC 
0195 
,243 
0293 
034 
0390 
04336 
0487 
0532 
0576 

0,231 
,308 
0355 
,461 
.#42 
.619 

:;80: 
0,183 

0242 
0301 
0362 
.4a9 
04798 

1;;; 
0661 - 

YE+= 
:a96 
0247 
0294 
0343 
0393 
0440 
0490 

124,8 
1!3*9 
17102 
19408 
21302 
22601 
224,s 
21808 
216~. 
r3z5--- 
16~~2 
20303 
23403 
26904 

gg; 
33415 
34604 

%y-= 
15015 
173.0. 
20208 
21902 
22205 
208,s 
18502 
18109 
226,o 
26808 
31302 
356eo 
38601 
41309 
41106 
$0.5,2 
ssoa,7 
23407 

go: 
42y:l 
4703 
!%*5 

2zz"2, 0 

2cs5- 
a&I 
2,511 
a,51 
3047 
3047 

?$i 
3153 
3053 
3051 
3048 
3047 

++ 
3168 

-3072 

Ei 
4195 
5076 
5076 
5084 
5083 
5089 

E: 
5178 

gi -L- 
6010 
6~7 
6-20 

2;; 
6120 
6,2a 

2°2;1 
-i&L 

Turbine ndiabakic 
effioienoies 

% % %J 

047 
0477 

:a 
0677 
0727 
0722 
0713 

ggg 
1,263 
0337 
0412 
0478 
;.;z 

--__l_I_-~-~~ -- __-i_--_c .- - --~-_ -----_c_ --- ----------- - : 
; ‘.I‘ :. ., .‘ 

-. ._.. 
,A. 

’ 
1~ 

~ * 5. 
._ . . . . h... ,A- 1 ,- ;, . .:-, :,,, ., 



NACA RM No. E7K24 . 17 I 
TABLE I - SUMMARY OF DATA FOR TURBINE bF ~~13-18 TURBOSUPERCHkRGER - Continued 

6,010 
8,130 

10,020 
11,990 
14,050 
16,030 
17,980 
20,080 
22,000 
23.660 

-ET 
7:520 
9,020 

10,560 
12,020 
13,910 
15,900 
17,260 

-w+ 
8,010 

10,000 
12,020 
14,180 
15,980 
18,010 
20,030 
22,050 

* 
8:020 

10,030 
12,000 
13,990 
16,000 
18,000 
20,000 
22,030 

+$i!% 
8,030 

10,010 
11,970 

#$JJ 

19:950 
22,010 
23,870 

30.0 
29.9 
29.9 
30.1 
30.0 
30.2 
jo.0 
30.1 
30.0 
30..1 

30 1 
30:o 
30.0 
30.1 
30.0 
30.0 
30.0 
30.0 
30.0 
So.1 
30.0 
jo.1 
30.0 
30.0 
30.0 
29.9 
30.1 
30.1 

Z.UL 

2.00 
2.02 
2.02 
2.01 
2.02 
2.02 
1.99 
2.02 
2.02 

Inlet 

30.0 
30.0 

. 
30.1 
30.0 
30.1 
30.1 
29.9 
30.0 
30.1 
30.0 
30.1 
30.6 
30.1 
jo.1 
30.1 
~2: 
30:2 
30.1 

z;*; . 

1.g 
1.51 
1.51 
1.50 
1.50 
1.50 
1.51 
1.50 
1.50 
2.02 
2.01 
2,Ol 
2,OO 
2.01 
1099 
2.00 
2,Ol 
2.02 
2.01 

3 

3:o.s 
3.04 
3,04 

;*2 
3:02 
3.02 
3.04 
4.14 
4.07 
4.03 
4.04 

kg 
4.05 
4.03 
4.01 
4*03 

LOY. 

Tgz 
1.91 
1.92 
1.93 
kg2 
1.94 
1.93 t:g 
ck? mi 
1.48 
1.43 
1.348 
1.48 
l&8 
le47 
l&3 
1.48 
1.47 

1.93 
1.93 
L92 
lo92 
lo93 
1091 
lo92 
2093 
1.95 
1.94 

zfi 
2.78 
2075 
2.75 
2.76 
2.76 
2.78 
2.75 
2.71; 
2.76 

;:2 

5:; 

3:43 
;*g 0 

.a80 
0334 
0393 
0447 
a501 
Is66 
0613 
Olj60 

nperature. 
0,104 - 

,204 
0255 

:;;t 
0408 
0473 

::g 
0638 

0,160 
0212 
026 

2;; 
0426 
0480 
0530 

5;; 
0,126 

0171 
cl215 
a33 
0300 

:g 

043% 
.474 
.!a5 

0.116 
~56 
0195 
0233 
0278 
.312 

:B; 
6.430 
,465 

s- 
9303 

a0409 
11401 
122,o 
13500 
13406 
133.0 
lOL8 
12804 

:;2: 
20412 
228.1 
24508 
25000 
24608 
23705 
13304 
17405 
21003 
24&6 
28006 
31504 
34406 
35406 

3: A 
146.1 
189.1 
231.3 
27403 

4a:p 

40018 
428,3 
451.0 

7TjT 
T+. 2000" R 

2-74 
2,75 
2074 
2076 
2.75 
2075 
2075 
2074 
2.74 
3.11 
3.12 
3012 
3013 
3014 

goi; 
3114 
3011 
3010 
3029 
3030 
3032 
3032 

33:; 
3034 
3034 
3032 
3034 
3033 
3.35 
3035 
3036 
3.35 
3.35 

c  --i-T_ -. --- L--.~- .-.-.- -. - -.---- -._____--_ 

.  “,. ~’ 
_,. 



18 NACA RM No. E7K24 

TABLE I - SUMMARY OF DATA FOR TURBINE OF TTlJ-18 TURBOSUPERCHARGER - Concluded 

2 
ILL& 

1. 1 

r 

3,010 
6,010 
7,540 
9,010 

10,520 
11,970 
13,920 
15,800 
17,030 
18,030 
18 450 

%m 
7,990 

10,cMo 
11,980 
13,980 
16,060 
18,040 
19,990 

5$!% 
8,030 

10,020 
11,990 
13,960 
16,000 
17,950 
20,010 
22,080 
23,980 
20.170 

30.0 
29.9 
30.0 
30.0 
30.1 
30.1 
29.9 
30.0 
29.9 
30.0 
30.0 
30 1 
30:1 
30.0 
30.1 
30.0 
30.0 
30.0 
30.1 
30.0 
30.3 
30.0 
30.2 
30.0 
30.0 
30.0 
30.0 
30.1 
30.2 
30.0 
30.1 

1.51 
1.50 
l&l 
1.50 
1.50 
1.50 
1.50 
1.51 
1.50 
1.50 

723T 
2.01 
2.01 
2.02 
2.02 
2.02 
2.02 
2.01 
2.01 

T 
3.02 
2.99 
2.98 
3.00 
3.01 
3.02 
3602 
3.02 
3.01 
3.02 

1 ratic 
PibO 

iota1 I 

1.93 
1.93 
1.94 
1.94 
1.94 
1.93 
1.93 

2.77 

2.73 
2.71 
2.70 
2.72 
2.73 
2.74 
2.74 
2.75 
2.74 
2.74 

nperature 
0.098 

0195 
,247 
.293 
.344 

2;: 
.515 

:g: 
,604 

-2r 
.254 
0303 
0353 
,406 
.455 
So8 
S61 

0.124 
.166 
.208 
.249 
.289 
.331 

2:; 
.456 
.496 
.417 

60 

8b.4 
92.9 

103.2 
112.5 
121.7 
132.6 
133.3 
132.1 

%g 
&5 
174.1 
195.8 
223.4 
242.0 
240.7 

g$ 
203:o 
235.4 
268.0 
306.2 

;g*: 
366:2 
376.1 
356.~ 

2.64 
2.68 
2.68 
2.65 
2.68 
2.64 
2*64 
2.65 3.00 
3.01 
3.02 
3.04 

0.162 0.168 
.304 .315 

::$I 22 
0471 .495 

0.176 
0331 
.406 

:$ 
2;; 
.681 
0700 
.710 

0.241 0.247 
.308 .317 4;; ,434 .383 

0469 ~89 
0536 ,561 
0575 o606 

:~~ 
0463 

1% 
.644 

3.20 
3.19 
3.21 
3.21 
3.22 

0364 0374 
.410 .422 

$2 ‘5”% 
0531 :555 
Am& .gz 

. 

.4lj 

.466 

:g: 

:g 
.664 

3.23 .$401 .564( .619 

~---I- ~..--. 
._. I,... I ; ‘-yrTyry------ 

* ,::.. L , 

; I ~<~‘---.. --~--y-- _ -~.-- 
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Figure  1  O  - S e tup for invest igat ion of turb ine f rom Turbo  Eng ineer ing  Corpora t ion  TTI 3 - 1 8  
turbosupercharger .  
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‘“It- II-” H 

A 

~7 . 

- 

- 
H 

K 
L 
M 
Q - 

Trai I ing edge ( radial I 
Top 
Right-hand side 
Bottom 
Left-hand side 

Thrust bearing 
Blade front 
Blade rear 
Cool ina-ai r seal 

Cold clearances Cold clearances 
before running after 86 operating hours 

( in. I 1 in. 1 

0.040 0.044 
-043 .041 
.043 .028 
.041 .030 
-002 .002 
.04B .032 
.052 .033 
.004 .009 

Figure 2. - Diagram of turbine clearances. 
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.80 

Efficiency 

.70 

3 .60 
s .- 
0 .- 

.2i) 

I I 0 tic -1 I I I I I I I I 
I I IA/ I I I 

- 

- 

I I I I I ! I I I 
.4 .5 06 .I .2 .3 
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