
such errors is precisely the same as the primary problem, viz., 
the influence of boundary layer on lift, and the effect could be 
determined using the electrolytic tank. It would simply be 
necessary to apply a given "error" to the boundary layer simu-
lated and observe the effect on circulation. 

One further point m a y be mentioned. The electrical analogy 
may be realized in any uniformly conducting medium, and 
metallic sheets and conducting paper have been used [16]. 
These media have the advantage that direct current may be 
used, with attendant simplifications in the electrical circuits. 
However, in both cases the uniformity of the specific conduc-
tivity is poor, and while they are of value in some applications 
the authors' experience indicates that measurements of potential 
gradient cannot be obtained with the precision required for the 
problems described in the present paper. The sheets cannot be 
used, of course, for problems involving axial symmetry. 

Conclus ions 
The electrolytic tank is capable of giving accurate results when 

applied to problems involving the effect of viscosity on aerofoil 
lift, if the boundary layer is known. Application of the method 
to a priori determinations of lift is subject to the limitations at 
present imposed by the status of boundary layer theory. 

For the single aerofoil the method offers no advantages over 
the routine computational methods which exist for low angles of 
incidence, but it may be used to advantage when higher inci-
dence and lifts are involved. It may also find application in 
problems for which analysis is more difficult, for example, those 
involving multiple aerofoils and axial symmetry. 
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D I S C U S S I O N 
D. K i i c h e m a n n 2 

It- is a most creditable achievement of the authors to have 
mastered a complex technique to solve a very important problem, 
and the high degree of accuracy obtained augurs well for future 
work. I am, therefore, particularly interested in what the authors 
say about the scope for future applications of their method and I 
would like to inquire whether the authors would consider it profita-
ble to investigate high-lift problems in which the boundary-layer 
effects must be expected to be large and whether it seems possible 
to include near-separations and, further, the effect of the presence 
of the ground and jet effects, as treated b y Malavard. In some 
of these cases, one might be satisfied with a fairly rough answer, 
provided it can be obtained a good deal more quickly than by 
analytical means or from wind-tunnel tests, and I would be in-
terested to know whether the authors see a future here for the 
application of metallic sheets on conducting papers. 

J . H . P r e s t o n 3 

The work b y Piatt and Norbury was already under way wdien 
I came to Liverpool, so I was able to watch the development of 
this technique without being in any way responsible for initiating 
it and yet having an interest in the results in that a direct com-
parison was being made with m y calculations and with Spence's 
later calculations. 

I think it is a matter for congratulation that the authors have 
achieved such a satisfactory degree of accuracy in measuring 
potential gradients with an a/c network and it is very gratifying 
to me that the results of m y calculation have checked. Also the 
authors are to be congratulated on developing techniques for 
representing boundary layer displacement effects in an electro-
lytic tank to such good accuracy. I agree with them that in the 
case of isolated aerofoil the tank will not show much advantage 
over normal methods of calculating velocity distributions for 
potential flow; but there may be a gain in cascade problems and 
in three-dimensional problems. 

In Spence's and in m y calculations the contribution made by 
the bound vorticity in the wake to the circulation is neglected, as 
this is small and scarcely affects the lift. Since this vorticity is 
largely concentrated near the trailing edge where curvatures are 
high it probably has an important effect on the load distribution 
near the aerofoil trailing edge sufficient to significantly effect 
pitching moments and to have very important effects on hinge 
moments of controls. I have not so far attempted to include this 
effect in calculations because of the difficulty of finding the shape 
of the streamlines in this region. I t may be that the electrolytic 
tank would provide a quicker solution and at least it should be 
possible to say whether such effects are important b y malting 
arbitrary but plausible changes to the streamlines in the trailing 
edge region and feeding in current to represent the associated 
bound vorticity. I would welcome the authors' opinion on this. 

Authors' C losure 
Dr. Kiichemann raises the question of applying the electrolytic 

tank to problems of high lift with large boundary-layer effects. 
For such problems the accuracy of the electrolytic tank remains 
unimpaired, but, of course, the boundary-layer side of the com-
putation would present difficulties at present. 

2 Aerodynamics Department, R.A.E., Farnborough, Hants., 
England. 

3 Department of Fluid Mechanics, University of Liverpool, Liver-
pool, England. 
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The simulation of ground effects should present little additional 
difficulty, although it may be necessary to obtain an accurate 
location of the wake b y means of an experimental iteration 
process. A similar technique should also allow an approach to 
problems involving jet effects. Since the technique would re-
quire adjustments to the position of the wake or jet simulator it 
may well be more convenient to carry it out in the electrolytic 
tank rather than on a conducting sheet. The solid conducting 
sheet is certainly valuable if only approximate results are re-

quired, and for problems involving iteration it may bo most 
economical to use it for the earlier stages. 

Within limits it would be feasible to implement Professor 
Preston's suggestion that the effects of wake circulation be 
simulated. Current could be fed in to a number of probes within 
the wake near the trailing edge to simulate approximately either 
the net wake circulation or the local distribution of vorticity-
Of course the resulting potential field would represent the real 
flow only outside the boundary layer and wake region. 
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