
Illustrative Example. Discussion 
Tests with axial wheel in small turbines driven by compressed 

air of room temperature were performed at the Gas Turbine Lab-
oratory of the Massachusetts Institute of Technology [3, 4, 5, 6].3 

The axial wheel (Fig. 1) had an outer diameter of 4 in. and an 
axial width of 0.5 in. I t was intended for stators with the outlet 
angle a\ = 20 deg (Fig. 4) and of the same outer diameter. The 
axial wheel thus had to turn the flow 70 deg. After that the flow 
should have axial direction. This is accomplished in a long 
slightly divergent channel. The channel is slightly divergent in 
order to improve choking conditions. 

A stator with convergent nozzles is shown in Fig. 2. I t has a 
chord length of 0.407 in. The ordinary rotor is shown in Fig. 3. 
Its outer diameter is also 4 in. and its axial width 0.285 in. 

In some tests the blade length of the stator was 0.1 in. Its 
axial outlet flow area Aa (trailing edge area subtracted) just inside 
the nozzle channel in a plane perpendicular to axis was 1.148 in2. 
The blade length of the rotor and axial wheel was 0.124 in. The 
axial outlet flow area of the rotor measured just inside of wheel 
channel was Aa = 1.282 in2. This area includes the area of the 
clearance between the rotor and a surrounding ring which was 
shrunk around the stator and also covered the rotor. This 
diametrical clearance was 0.009 in. 

In one test the ratio u/a0 = 0.329. The ratio c.lu/cio = 0.833 
was obtained from (13). The pressure ratio pi/po = 0.475 was 
obtained from the static pressure measured at the inner radius 
of the stator outlet. B y means of the ratio ci„/«o and the theoiy 
for a frictionless whirl of 20 deg outlet angle the static pressure pi 
at the mean radius 1.95 in. was computed. The outlet angle cti = 
22.4 cleg was computed from (7) and the outlet Mach number 
Mi = 0.984 from (8). The stator efficiency rj, = 0.848 was ob-
tained from (9). 

When the rotor of Fig. 3 was run behind the stator, the same 
pressures in the stator were obtained when u/aa = 0.329 and the 
pressure ratio P-i/pa — 0.450. Equations (13) and (14) give w-2„/ 
«o = 0.468. I t was found that ft = 34.3 deg and the relative 
rotor inlet Mach number Mi r = 0.666. Equation (5 ) gave ft = 
35.1 deg and (6) -q, — 0.747. The relative rotor outlet Mach num-
ber was Msr = 0.621. The ratio u/cs = 0.325 where c, is the so-
called theoretical spouting velocity computed from the pressure 
ratio po/pm and the stagnation temperature T0 before the stator. 
The "stat ic" efficiency based on the same pressure ratio was 
Tj = 0.621 and the stagnation efficiency 7jst = 0.693 based on 
the computed total pressure after the rotor. 

Thus all flow quantities in the turbine were obtained. 
Fig. 6 may indicate that the stator outlet angle is instead 0.3 

deg greater, thus a'i = 22.4 + 0.3 = 22.7 and the rotor outlet 
angle 0.6 deg greater, thus ft = 35.1 + 0.6 = 35.7. 

Fig. 5 ma}' in the same way indicate that i)y = 0.848 + 0.002 
= 0.850 for the stator and 0.747 + 0.010 = 0.757 for the rotor. 
These corrections are thus small. 

When the ratio Ci„/«o was assumed to be 1 percent higher than 
the measured value the stator efficiency increased 1.1 percent and 
Q'i decreased 0.3 deg. The rotor efficiency decreased from 0.747 to 
0.718, thus 3.9 percent and ft increased 0.5 deg. Other values 
changed to a much lesser extent. I t is thus very important to 
measure the ratio c\u/a0 accurately in order to obtain the correct 
rotor efficiency. The diametrical clearance between the axial 
wheel and the surrounding wall should be as small as possible so 
that no tangential momentum from the nozzle is lost due to leak-
age in this space. 

When the diametrical clearance between the rotor and the 
surrounding wall increases the rotor efficiency becomes lower and 
ft increases. The axial wheel method thus also includes the rotor 
leakage loss in the rotor efficiency as well as all other rotor losses. 

3 This work has been sponsored by the Bureau of Aeronautics, 
U. S. Navy, under Contract No. NOas 54-583-c witli the Dynamic 
Analysis and Control Laboratory at M.I.T. 

Summary 
A method of determining overall cascade performance b y 

means of torque measurements on a wheel with axial outlet is 
given. The method, which is believed to be new, is particularly 
suited for small axial turbines and compressors. I t gives the 
overall performance in actual turbomachines and includes all 
losses. 

The method is simpler and gives more accurate results than the 
elaborate method of traversing for instance in small axial turbo-
machines with blade height below 0.1 in. 

A one dimensional analysis is given and applied to two known 
flow conditions in order to obtain a comparison with other ways 
of evaluating these flow conditions. 

Diagrams are given which show relationship between cascade 
efficiencies defined in different ways. 

An illustrative example is given. 
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D I S C U S S I O N 
Robert W. Mann4 

As supervisor of the continuing project which includes Dr. 
Ohlsson's doctoral thesis, I am delighted that the results of his 
comprehensive and carefully conducted experimental inves-
tigation are now available in the professional literature. 

Dr. Ohlsson has developed further an experimental technique 
he found essential to his broad-gage S c D thesis investigation of 
small turbine performance. In addition to resolving the dif-
ficulty of instrument traverse for small flow geometries, the 
wheel of axial outlet evaluates the real three-dimensional flow in 
contrast with the usual two-dimensional flow of cascade testa. 

But this in turn raises the problem of measuring the pressure 
after the stator and before the rotor without the insertion of 
probes into the , flow. It isn't clear how Dr. Ohlsson's one-
dimensional analysis can account for radial pressure variations 
due to whirl in the three-dimensional field. In this paper and 
in the complimentary papers on "Low-Aspect Ratio Turbines" 
[5], and "Supersonic Turbines" [4], Dr . Ohlsson mentions 
measuring pi b y means of a static tap in the stator outlet plane 
slightly below the root of the stator passage. His thesis [3] 
also mentions measuring pi at the top of the stator outlet b y 
means of a static tap in the stationary shroud rig. A comparison 
of these values of pressure for different operating conditions, and 
their correlation with prediction would be interesting. 

The stationary wheel of axial outlet might conceivably provide 
data on the static influence of stator wakes on rotor performance. 
Was the rotor stall torque sensitive to location relative to the 
stator trailing edges? 

1 Associate Professor of Mechanical Engineering, Massachusetts 
Institute of Technology, Cambridge, Mass. Mem. ASME. 
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Author's Closure 
The author wishes to thank Professor Mann for his interesting 

comments. 
A discussion of the static pressure measurements between 

stator and rotor is given in reference [3] pp. 99, 102, and 167. 
There were two diametrically opposite holes of about 0.04 in. 
diameter in the ring shrunk around the nozzle block for measuring 
the static tip pressure pu. There were also two diametrically op-
posite holes in the outlet plane of the nozzle block for evaluation 
of the static hub pressure pu,. The last two holes were placed 
0.15 in. radially inward of the stator blade root for the con-
vergent nozzles. The same distance for the supersonic nozzles 
was 0.04 in. A small correction was used for the convergent 
nozzles assuming a whirl of half the peripheral wheel speed in 
order to get the static pressure at the blade root pa- No correc-
tion was used for the supersonic nozzles. The holes were pe-
ripherically placed in the middle between the trailing edges of two 
neighboring blades. 

The holes for evaluation of the hub pressure were thus outside 
of the jet coming from the nozzles. This is probably the reason 
why the pressures in the two holes always were close, particularly 
for the convergent nozzles, and when plotted always gave smooth 
curves at different speeds and pressure ratios. The average 

value was used in the test evaluations. The difference between 
the two hub pressures was a little greater for the supersonic 
nozzles, probably because the holes were closer to the jet. There-
fore the recommendation would be to place these holes a little 
further inward. 

The holes for evaluation of the tip pressure were in contact 
with the jet. They were in the radial clearance between the 
rotor and the surrounding ring and were very close to the leading 
edge of the rotor blades. This is probably the reason why the 
two pressures often differed several in. Hg. The ratio p n / u 
changed considerably with speed and pressure ratio and was 
sometimes as low as one. This is the reason why p u was not 
used in the test evaluation. 

There was some evidence that the torque on the stationary 
wheel of axial outlet was not sensitive to the location relative to 
the trailing edge of the stator blades. However, this problem 
was not investigated in great detail. The rotor of axial outlet 
did not have the same number of blades as the stators. The 
relative position of stator and rotor blades thus changes along the 
periphery. Therefore the stationary rotor ought to give an 
average torque. The number of blades for the stationary wheel 
was 56, for the convergent nozzles 40, and for the supersonic 
nozzles 28, 24, and 14 for increasing A /A*. 
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