
Summary 
The design of supersonic turbine nozzles and rotors is discussed 

and a series of four supersonic turbine nozzles, which are be-
lieved to be of a new type, were built and tested. The ratio A/A * 
between the outlet flow area and the throat area varied between 
3.64 and 1. Four axial turbines with these nozzles and with the 
same rotor were tested over wide ranges of pressure and speed 
ratios. The turbines were of impulse type. 

The influence on mass rate of flow and efficiency of Reynolds 
number and axial distance between stator and rotor is given. 

Stator and rotor efficiency, Mach numbers, and flow angles as 
well as other flow quantities are obtained b y means of a wheel 
with axial outlet. 

I t was found that the highest turbine efficiency at design 
condition u/c, = 0.325, where u is peripheral speed and c, is the 
so-called theoretical spouting velocity, decreased only slightly 
when the area ratio A / A * increased. 

Axial distance between rotor and stator did not affect turbine 
performance. 
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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 investiga-
tion are now available in the professional literature. 

Dr. Ohlsson refers unfavorably to axisymmetric nozzles before 
proceeding to his discussion of the two-dimensional nozzles lie 
concentrated on. While his argument for 2 - D nozzles appears 
plausible at first hand it unreasonably discounts two considera-
tions. First, Dr. Ohlsson's 2 -D nozzles were necessarily wrapped 
around the circumference of the stator block (some dozen indi-
vidual nozzles of 20 deg outlet angle around a nominal 4-in-dia 
cylinder) introducing 3 - D flow considerations, albeit of a kind 
different from those in axisymmetric nozzles. 

Second, Dr. Ohlsson inordinately oversimplifies the flow in the 
nozzle-outlet rotor-inlet region, especially for the case of partial 

4 Associate Professor of Mechanical Engineering, Massachusetts 
Institute of Technology, Cambridge, Mass. Mem. ASME. 

admission, when he argues that congruent elliptical flows from a 
multiplicity of axisymmetrical nozzles are unsatisfactory. As we 
have shown [11, 12], on a large scale hydraulic analog model of 
the supersonic nozzle, partial admission turbine, the flow in this 
region is complicated b y standing and traveling compression and 
rarefaction waves which swamp out any simple geometrical 
model for the flow. Even for full admission turbines the flow in 
this region does not correspond to simplified models, witness the 
rotor-inlet-relative-Mach-numbers no greater than one, despite 
an exjjansion of the annular flow geometry at rotor-inlet achieved 
by making rotor blade height greater than stator blade height. 

An additional consideration in comparing " 2 - D " versus axisym-
metric nozzles for small, high-pressure ratio, frequently partial 
admission turbines (aside f rom formidable manufacturing and 
thermal and pressure stress problems) is the problem of jet de-
flection of the nozzle flow due to the Coanda effect and off-design 
pressure ratio operation of the nozzle. The latter can come about 
for fixed design point operation due to the difficulty of predicting 
the flow geometry which will establish the theoretically desired 
pressures, or the frequent desire to operate the turbine over a wide 
pressure-ratio range. Experiments [13] we have been conducting 
to maximize the swirl component in the face of pressure-ratio 
changes suggest that quite radical nozzle geometries may, in 
fact, prove most appropriate. 

The question of how best to design such nozzles is yet unclear; 
the publication of Dr. Ohlsson's work adds to the literature much 
valuable material. 
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Author's Closure 
The author wishes to thank Professor Mann for Iris interesting 

comments. 
I t should be pointed out that the paper almost exclusively deals 

with full admission turbines while discusser's references deal with 
partial admission turbines. Some theoretical and experimental 
results particularly for partial admission turbines with convergent 
nozzles but also a few experimental points for convergent diver-
gent nozzles may be found in references [7 and 14]. 

The author agrees with discusser that there, of course, are 
three-dimensional flow effects just as in subsonic turbines and 
that these effects are not well understood. T h e author also 
agrees that the flow conditions in general are very complicated 
and need to be investigated further. 

Regarding jet deflection it may be of interest to mention that 
the nozzle performance of Fig. 17 was compared with the theory 
given in reference [15]. This theory makes use of the momen-
tum theorem and considers the flow in a frietionless annulus. 
The nozzle contour is assumed to have a long, straight part at 
the exit just as in Fig. 1(b) as apart from the tested nozzles of 
Figs. 2, 3, and 4. The tested nozzles, Fig. 17, show considera-
bl3r higher efficiency at off-design conditions ( too high-back 
pressure) than the theory predicts. 
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