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Technical Comments.

Comment on "Evaluation of Heat
Transfer for Film-Cooled

Turbine Components"

E. R. G. ECKERT,* R. J. GOLDSTEIN,f
AND D. R. PEDERSENJ

University of Minnesota, Minneapolis, Minn.

Nomenclature
cn = hole spacing
CPS = slot coolant specific heat
Cpoo = mainstream specific heat
dn — hole diameter
M = psus/pmum = blowing rate parameter, same as G* of Ref. 1
Res — slot Reynolds number
s = slot width
X = distance from injection point in flow direction
0 = angle of injection
P' = injection parameter [see Eq. (2)]
f = effectiveness parameter [see Eq. (2)]
r) — average film-cooling effectiveness [see Eq. (1)]
Q*d = reciprocal of the average film-cooling effective-

ness
Ms = slot viscosity
Ma = mainstream viscosity

Film-Cooling Effectiveness—Two-Dimensional Slot

The correlations of effectiveness data as presented by the au-
thors1 are strictly empirical requiring a separate equation

for each injection angle. A single correlation of the data could

be obtained using one of the models previously derived, e.g.,
Refs. 5 and 6.

As pointed out by the authors, the parameter 6ad* is the
inverse of the average film-cooling effectiveness rj where the
bar indicates an average value (which must be used as the
present experiments were performed using a wall with large
thermal conductivity). Integrating the expressions for the
effectiveness from Refs. 5 and 6 to obtain the average value
over the plate results in

and

where

and

0.182

1.508/[1 + 0.183f]

(D

(2)

{3' = 1 + 1.5 X 10~4 jRe.W/*«>) sin/3

respectively. Data taken from figures of the Ref. 1 for both
injection angles are given in Fig. 1 along with a line represen-
ting Eq. (2). The agreement of the experimental results with
Eq. (2) is quite good and somewhat better than with Eq. (1).

Using the same parameter (f) as in Ref. 6, but adjusting the
constants so that the best fit is obtained with the present

Fig. 1 Average film-cooling
effectiveness for two-dimen-

sional slot.
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Fig. 2 Average film-cooling effectiveness for row of dis-
crete holes.

experiments results in

rj = 1/(0.90 + O.OSOf) (3)
which is shown in Fig. 1. The best fit to the data requiring
that i? ->• 1 as x -> 0 gives,

0.065f) (4)

It should be noted that use of Oad* rather than 77 as ordinate
in Fig. 1 would make the scatter appear significantly reduced.

Heat Transfer-— Two-Dimensional Slot

The parameter $o presented by the authors is the ratio of
the average heat-transfer coefficient over a distance x/s with
film injection to the average heat-transfer coefficient over the
same distance without film injection. The experimental de-
termination in Ref. 1 demonstrates again, in agreement with
Ref. 2-4, that the normal heat-transfer coefficient from non-
film-cooling results can be used except at high angles of injec-
tion. At first glance, the increase of heat transfer because
of the film cooling for high angles of injection appears signifi-
cant at the large blowing rate. However, the injected mass
flow was apparently as high as 25% of the total free-stream
mass flow. This additional mass could change the freestream
Reynolds number by 25% resulting in approximately a 20%
change in the freestream heat-transfer rate. This is also in-
dicated by the significant increase in heat transfer even for the
relatively long plates.

Film-Cooling Effectiveness—Row of Discrete Holes

The multiple hole data can be compared with Ref. 7 in
which adiabatic wall temperatures were measured with coolant
injection through a single hole. The assumption that the
momentum equation is not coupled with the energy equation
makes the solution of the energy equation linear and the ef-
fectiveness of several single holes with the required spacing
can be obtained by superposition of single hole data. This
concept was used by Malhotra and Cermak8 for comparison
of point source and line source mass diffusion data. Adding
the effect of adjacent holes described by the effectiveness from
Ref. 7, and averaging both longitudinally and transversely
gives the average effectiveness for multiple hole data. The
result of such a calculation is presented in Fig. 2 for M = 0.5,

ft = 35°, and for hole spacing of 1.71. Also presented are
the curves from Ref. 1 for M = 0.5, ft = 20°, and ft = 60°,
both for a hole spacing of 1.71. The agreement appears to
be very good, indicating that the heat source model works
well for injection through an arrangement of holes, at least at
relatively small M.
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Erratum: "Prediction of Geometry of
Sonic Boom Waves Incident on Arbi-

trarily Oriented Plane Walls"

BALUSU M. RAO
Texas A & M University, College Station, Texas

AND
GLEN W. ZUMWALT

Wichita State University, Wichita, Kansas

[J. Aircraft, 7, 256-260 (1970)]

IN Eq. (2), the first parenthesis was misplaced. Eq. 2
should be ATP = 2(Tg - Tp) = (2/V)(Dgv - D^).
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