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Abstract-Heat-transfer parameters and recovery factors on all surfaces of transverse rectangular 
notches, with length-to-height ratios L/H of a, to 1% are reported for air speeds from 160 to 600 ft/s. 
Heat-transfer coefficients are proportional to the free-stream mass flux p&J, raised to the 0.8 power, 
which continues in a new range of L/H the previous controversy with Larson’s measurements in 
turbulent flow and Charwat’s ideas. A tentative pro~~ionality is found between heat-transfer 
coefficient and notch length raised to the -0.2 power. This proportionality makes possible a dimen- 
sionless correlation. Recovery factors are consistent with a previousty proposed concept of distinct 
flow regimes in notches in different ranges of L/H. Temperatures in the flow near the notch surface 
agree with neither the turbulent boundary layer profiles nor the assumptions of existing theories 

of heat transfer in notches. 
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;~~fa;21pressure coefficient, (p - pr)/ 

rr ; 
specific heat of air at constant pressure ; 
notch height ; 
local heat-transfer coefficient, qwltw; 
thermal ~onducti~ty of air; 
notch length; 
surface pressure ; 
heat liberated at surface per unit time 
and area ; 
recovery factor, 1 - (ts - ~~)~(U~~~C) ; 
tempera~re parameter 
(tk~~q~)~~~~~~~~)“.s [fto*2l ; 
temperature rise due to heating [degF}; 
tfwYQJlPhLJ; 
unheated surface temperature [“F] ; 
stagnation chamber temperature {“F] ; 
mean velocity [ft/s]; 
heat-transfer parameter, 
@/k&tc,/p&,>*‘* Ift-o.2]; 
dimensionless heat-transfer parameter, 
(hL/ks)(~CLslfrU7L)O’8; 
distance from front side of notch [in]; 
distance along periphery of notch from 
back edge [in]; 
distance above bottom of notch [in]; 
Yz/(%/ PMW. 

Greek symbols 
t% viscosity; 
P7 density; 
CT, Prandtl number ; 
TEF, surface shear stress. 

Subscripts 
e, edge of free stream bordering upon free 

shear layer; 
r, reference location 0.25 in ahead of 

notch; 
& stagnation chamber; 
M’, surface. 

INTRODUCTION 

A TRANSVERSE rectangular notch in a plane sur- 
face causes little change in a uniform free stream 
that is flowing past the cutout, if the length of 
the notch in the direction of the free-stream flow 
is not too great in relation to the height. A shear 
layer like that of a free jet boundary forms over 
the cutout on the border of the free stream. Part 
of this free shear layer is deflected into the notch 
at the back edge, giving rise to a flow in the notch. 

~~~urerne~ts of heat transfer in cutouts 
Short notches with length dimensions L up 

to 12 times their height H had not been investi- 
gated for thermal effects prior to the present 
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investigation. Larson [l] measured the average 
heat-transfer coefficient to longer notches with 
L/H of 4.8 or more. In laminar flow, average 
coefficients were about 56 per cent of corres- 
ponding coefficients that were measured on 
models with a straight heated portion in place 
of a cutout. In turbulent flow, the average 
coefficients were proportional to the free-stream 
mass flux p,Ue raised to the O-6 power, whereas 
the straight-sided models with turbulent boun- 
dary layers engendered average coefficients that 
were proportional to peUe raised to the O-8 
power. 

In subsonic flow, Charwat [2] reported local 
heat-transfer results in long rectangular notches 
(L/H > 2) in turbulent flow at one free-stream 
condition. 

Seban and Fox [3] presented measurements of 
pressure, recovery factor, and heat-transfer 
coefficient on the bottom of two notches, 
L/H = 1.84 and 3.47. The back sides of the 
notches were formed by thin fences as shown in 
Fig. 1. Turbulent flow existed in the notch, 

,,EATING RIBBONS, rBRASS SIDE PLATES , 
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1 
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FENCE MODEL 

FIG. 1. Present model and Seban-Fox fence model. 

adjacent to the subsonic free stream. The heat- 
transfer coefficients were proportional to the 
O-8 power of peUe, a substantially different 
exponent from the 0.6 reported by Larson. 

Theories of heat transfer in notches 

At the reference location 4 in ahead of the 
notch, pr and Ur were determined by surface 
pressure measurements and an assumption of 
isentropic expansion of the flow from stagnation 
conditions. Stagnation pressure was near atmos- 
peric pressure, while stagnation temperature ts 
was near 85°F. 

Chapman [4] and Korst [5, 61 in laminar and 
turbulent flow, respectively, visualized an ar- 
bitrarily shaped cutout that contained a quies- 
cent fluid at a uniform temperature and pressure. 
A free shear layer, which was between the _~---= 

Surface heating was effected by electrical 
dissination from resistance ribbons that were 
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quiscent fluid and the free stream, governed both 
the heat transfer and the momentum exchange 
of the cutout. The Chapman result was that the 
average heat-transfer coefficient of a cutout was 
56 per cent of the average coefficient of a flat 
plate with the same length as the cutout. This 
result was verified experimentally by Larson. 
Korst concluded that the heat-transfer coefficient 
at low speeds was directly proportional to peUe, 
in contrast with the experimental results by 
Larson and Seban and Fox. 

Charwat [2] visualized the heat exchange from 
a notch as being governed by a vortex in the 
back corner. This vortex received fluid inter- 
mittently from the free shear layer and ejected 
it from the notch after it had participated in the 
vertical motion. Charwat’s result was the pro- 
portionality of the heat-transfer coefficient to 
(P,U,)O.~, which was measured by Larson (but 
not Seban and Fox) in turbulent flow. 

None of the analyses produce a proportion- 
ality of heat-transfer coefficient to (PJI~)O’~ as 
measured by Seban and Fox. Their report also 
showed the major temperature drop in the 
turbulent flow to be near the surface, a region 
that is ignored in the analyses. The nonquiescent 
nature of the notch flow that belies the assump- 
tions of Korst is well-known in turbulent flow 
from the results of Roshko [7] and Seban and 
Fox that show mean velocities near the notch 
surfaces of the order of 0.4 Ue. 

MJZASUREMENTS OF SURFACE 

QUANTITIES 

In the present experiment, the two-dimen- 
sional model that is shown in Fig. 1 spanned the 
6 in width of a 6 by 9 in wind tunnel and divided 
the air flow into upper and lower streams, each 
24 in thick. The notch was 2.05 in of height, and 
it was varied in length in multiples of O-505 in 
by relocating the back side. 
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cemented on the la~nated plastic shell and 
connected in series. This provided a subs~ntially 
constant heating rate on the surfaces of the 
notch. Average gaps of ONE in separated the 
0*500 in wide ribbons along the periphery except 
for the 0.030 in wide gaps at the top of the front 
side and at the bottom of the back side, which 
accommodated a gasket at the latter location. 
Thermocouples were located just under the 
ribbons to provide surface temperatures. 

The surface data are presented as heat-transfer 
parameter W = (~~~~)(~~~f~U~)O.~ and recovery 
factor R = 1 - (ts - ~~)/(~~/2c). The stagna- 
tion and unheated surface temperatures are 
represented by ts and c*, but in all other cases t 
refers to the temperature rise due to heating, as, 
for example, in the heat-transfer coefficient 
h = cl&w. 

FLOW STUDY 

The results of a flow study that employed the 
present wind tunnel andmodel [8] are summarized 
as follows. The free stream just ahead of the 
notch was virtually uniform across its section. 
The local free-stream velocity U, adjacent to 
three notches, L/H = $, 1, and I& was found by 
mean velocity surveys at Ur 2: 160 ft/s to vary 
not more than 4 per cent from U,.. Laminar flow 
ahead of the notches and turbulent flow in the 
notches were found by mean-velocity and tur- 
bulence-intensity surveys at U, 2: 160 ft/s. 
Transition to turbulence occurred just after the 
front edge of the notches. In two ranges of notch 
geometry, L/H 5 la and L/H = lf, similar 
values of L/H in different experiments produced 
similar values of C,. Between these ranges, L/H 
alone did not specify unique values of Cp. 
Some effects of free-stream compressibility were 
discernible in the results. 

RESULTS FROM THE SURFACE DATA 

Surface data from the seven notches are shown 
in Figs. 2 to 6, where the perimeter of the notch 
is the abscissa; the front edge is on the left and 
the back edge is on the right. The front edge, 
the two bottom corners, and the back edge are 
each marked by vertical lines. The front and 
back sides, which form the height of the notch, 
are 2.05 in, whereas the bottom is a multiple of 
0,505 in. Some values of C, from the flow study 

HAL-S 

1 REFERENCE VELOCITY U 

&A -/244 257 - 

uo-‘373 369 - 

do 576 9, 562 662 

rBOTTOM 2 

I I I 

FIG. 2. Results from surface data of L/H = f notch 
displayed along notch perimeter. 

are shown in Figs. 2 to 6 for purposes of compari- 
son; those located to the right of the line mark- 
ing the back edge of the notch were measured 
on the trailing surface of the model, downstream 
of the notch. 

Recovery factor 
The recovery factor R in the square notch 

(Fig. 4) is notably low on the bottom (R 1: 0*6), 
but it is not the lowest R that has been measured 
in separated flow. The present minimum R is 
lower than those in longer rectangular notches 
[3] (minimum R = 0.65). It is also lower than 
those behind a backward facing step [93 (mini- 
mum R = 0*77), but it is somewhat higher than 
those found on a trailing splitter plate behind a 
circular cylinder [lo] (R = 0.43 to 0.55). 

The local peaks in R on the back side of the 
L/H = _b and 8 notches near the bottom are 
apparently erroneous. These errors seem to be 
caused by a conduction of heat from the warm 
interior of the model at a location that has a 
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REFERENCE VELOCITY, L$ 
cp w R 

a&-!245 246 - 

0 0 - ,377 370 - 

d 0 91577 562 582 

dOTTOM 

BACK SIDE 

FIG. 3. Results from surface data of L]H 
displayed along notch perimeter. 

= 

small heat-transfer coefficient but a good conduc- 
tion path through the model structure. The 
internal temperature of the model is probably 
near the recovery temperature on a flat plate, 
corresponding to R near 0.89, due to the exten- 
sive lower surface of the model that is exposed 
to a free stream with U, N Ur. 

It is noteworthy that the distributions of R in 
the L/H S la, L/H = ii, and L/H = I g notches 
are distinctive in ma~itude and trend along the 
periphery. In the aforementioned flow study [S], 
different flow regimes for these three notch 
geometries were proposed as a rationalization 
of the C, that were measured in different experi- 
ments. Agreement between C, from different 
experiments was found in the L/H S I& and 
L/H = 12 notches but not in the L/H = 14 
notch. Additional indications of distinctive flow 
regimes were found in the velocity measurements. 
The present distributions of R are consistent 
with the flow regime concept, as shown by the 
aforemention~ magnitudes and trends. Further 

run 

consistent features are to be found in the varia- 
tions of R with speed. In the square notch, R is 
virtually independent of Ur, whereas R increases 
with Ur in the L/H = 14 notch but decreases 
with increasing Ur in the L/H = 12 notch, 

Heat transfer 
A correlation of heat-transfer coefficient h 

with pJ.J, raised to the 0.8 power is achieved at 
nearly all locations in the several notches, as 
shown by the substantially constant values of 
W = (~l~~)(~~~~~u~)o,s at several speeds. A 
major departure exists at the top of the back 
side where a somewhat smaller exponent is 
indicated in long notches by a decrease of W 
with increasing speed. In that region the exponent 
of prUr approaches the O-6 value that was found 
by Larson to correlate average heat-transfer 
coefficient in notches, some of which had rounded 
corners. 

This same behaviour of the present results is 
shown in another manner in Figs. 5 and 6 by the 
use of a 0.6 exponent in place of the 0.8 ex- 
ponent in the Wformulation. An arbitrary factor 
is used to place the reformulated results adjacent 
to the corresponding W values. At some repre- 
sentative locations in Figs. 5 and 6, the scatter 
of the present results is shown to increase with 
a 0.6 exponent except near the back edge of the 
L/H = 14 and IQ notches, where the scatter 
decreases. 

The reason for the disparity on most of the 
notch periphery between Larson’s 0.6 exponent 
and the present 0.8 exponent, which was also 
found in the Seban-Fox experiment [3], is not 
clear. Differences in surface heating conditions 
and geometry that were utilized by Larson as 
compared with the present conditions of experi- 
ment, namely, constant surface temperature 
and axisymmetric models as contrasted with the 
present constant heat rate and plane model, do 
not appear significant enough to cause the 
difference between exponents. 

The direction of decreasing magnitude of W 
indicates the general direction of flow along the 
perimeter of most notches to be toward the front 
edge of the notch from the back edge. This is the 
same direction as that measured by Roshko at 
the midpoints of the surfaces that formed a 
square notch. Velocity measurements on the 
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REFERENCE VELOCITY. Ur 
cp w R 

xh -[ii% 161 - 
&‘A - 245 243 - 
0.0 - 375 374 - 

Q - - 494 

do q 580 581 581 ~~_ 

--- L//-/=$ NOTCH 

FIG. 4. Results from surface data of L/H = 1 notch 
and averaged results from L/H = 2 and 14 notches. 

RE’FERENCE VELOCITY, u, 

’ 
cb? w 4 

fxb- 160 163 - 
A’A - 245 242 - 
00 - 374 373 - 
__Q _ - 475 

do ;i 1597 568 568 2 

1 G I .o “s‘ 

I - 

FIG. 5. Results from surface data 
of L/H = lfr notch displayed 
along perimeter. The I symbols 
show the range of the measure- 
ments when a @6 exponent is used 
in place of the 0.8 exponent in 

the W formulation. 
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FIG. 6. Results from surface data of L/H .- 12 notch and Seban-Fox fence 
model. The I symbol shows the range of the measurements when a 0.6 

exponent is used in place of the 04 exponent in the W formulation. 

present model [8] ascertained that the flow direc- 
tion along the bottom of the L/H = 1 and 12 
notches is mainly from back to front, which is 
the same as the other indicated flow directions. 

The abrupt increase of W at the corners of 
most notches can reasonably be associated with 
a local mixing and cooling of the flow along the 
periphery. The flow that approaches a corner 
along the back side or bottom seems to be heated 
like the flow in a boundary layer, that is, the 
fluid temperature increases and W decreases in 
the direction of flow. If the flow in the corner 
were similar to potential flow, the fluid tem- 
perature next to the surface would continually 
increase and W decrease in the direction of flow. 
It seems more likely, in view of the abrupt in- 
creases in W at the corners of the L/H >= 3 
notches, that the flow that approaches the corner 
separates in the manner of a boundary layer in 
an adverse pressure gradient. This separation 
allows the main notch flow to round the corner 
and subsequently reattach. It follows that an 
increased turbulent mixing, such as that in a 

free shear layer, exists in the Iocally separated 
corner region. The fluid temperature is therefore 
lower at reattachment than at separation be- 
cause the cooler fluid away from the surface is 
mixed with the hotter fluid before reattachment. 
This reduced fluid temperature and the accom- 
panying increased turbulence evidently cause 
the increase of W that is shown in the corners 
of the L/H 2 4 notches. 

In the L/H = $ notch, values of Ware marked- 
ly low. On and near the bottom, W is essentially 
constant, which indicates that there is no mean 
velocity along the surface in that region. Yet, 
the successful correlation of the results by 
(P&~)O’~ indicates that turbulence is present in 
the notch. This latter feature could not be veri- 
fied by turbulence-intensity measurements of the 
notch flow because the presence of a probe 
altered the flow. This alteration was shown by 
large changes in the surface measurements when 
the probe was inserted. 

An inflection in the trend of Won the bottom 
of the L{H = 14 and 14 notches, at about 14 in 
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from the front side, exists for reasons that are 
not clear. This point plays a major role in the 
changes that occur in Won the bottom when the 
sides of the notch are unheated. A comparison 
of W with and without side heating in the 
L/H = 14 notch is shown on Fig. 7. In the ab- 
sence of side heating, a marked increase in W 
exists in the region in back of the inflection but 
not in front. 

The values of W, in Fig. 7, from the Seban-Fox 
fence model with L/H = 1.84 and unheated 

w u, N 
4 A 248 SIDES HEATED 

f 0 241 UNHEATEDSIDES 
A 301 FENCE MODEL 

m v 301 FENCE MODEL 

0, CORRECTED FOR SIZE 

FIG. 7. Effect of size with unheated sides on heat transfer 
of L/H = 1% notch. 

sides are greater than the values from the present 
model with unheated sides. The facts that W 
has dimensions of length and that the Seban- 
Fox model is smaller than the present model can 
be used in a search for an improved correlation 
that is dimensionless. It seems necessary to 
experimentally determine a characteristic length 
before a truly reproducible correlation can be 
established. Unfortunately, the existing experi- 
mental evidence, which is shown in Fig. 7, 
pertains to just one notch geometry (L/H = 12) 
and one heating condition (uniform heating on 
the bottom only). 

Notch length L is proposed as the characteris- 
tic length. Its combination with W produces a 
dimensionless heat-transfer parameter 

WE !L PLS 

( > 

O.s __~~ 
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A separate figure for m is avoided herein by a 
consideration of corrected values of Win Fig. 7. 
A ratio of LO.2 for the Seban-Fox fence model 
to that for the present model is used as a correc- 

tion factor for the fence model results. In effect, 
the fence model results are corrected to the values 
of W that would be found on a fence model as 
large as the present model, if @ were the valid 
form of reproducible correlation. In Fig. 7, the 
improved agreement between the corrected 
results and the present results supports the role 
of L as the characteristic length for heat transfer 
in notches. 

No single length can fully specify a flow situa- 
tion in which several lengths are needed for a 
complete description. In this instance, the 
boundary-layer thickness ahead of the notch 
and the height of the free stream are additional 
relevant lengths of unknown significance in 
relation to the notch length. However, the major 
heat-transfer effects seem, from the limited 
evidence at hand, to be a function of the length 
of a rectangular notch when the unheated 
laminar boundary layer is thin compared with 
H at separation and the flow in the notch is 
turbulent, which is the case in the present and 
Seban-Fox experiments. Charwat’s emphasis 
of the importance of the boundary-layer thick- 
ness, which was of the order of H in his experi- 
ment, is an indication that the significant length 
varies with the flow configuration. 

Spatial variation of heat-transfer coeficient 
Spatial variations of W, especially on the back 

side of the notches, show a certain degree of 
similarity. In Fig. 8, W is plotted logarithmically 
as a function of the distance on the back side 
from the top edge Xl. Power law relations, 
which, of course, are evidenced in logarithmic 
coordinates as straight lines, can approximate 
the spatial variation between XI = 0.5 and 1.5 in 
in notches with L/H 2 4. The largest values of 
W on the back side occur in the L/H = 14 
notch. Since W on the front side is also largest 
in the L/H = 14 notch, the heat-transfer perfor- 
mance of this notch is remarkable, as are Cp 
and R. 

FLOW MEASUREMENTS 

Velocity and temperature traverses in the 
L/H = 1 and 18 notches at low speed ( Ur 11 160 
ft/s) were accomplished along lines that were 
normal to the notch bottom. Velocity was meas- 
ured by a hot-wire anemometer that sensed the 
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~__~_.~o~_~;‘:h.-_.. _~~ ;. ._B:?! i..lJ I 
I.0 2.0 +0 60 6.0 

INCHES FROM TOP OF BACK SIDE. x; 

FIG. 8. Average heat-transfer results along notch perimeter from back edge. 

FIG. 9. Temperature contours in square notch. Lines of 
constant temperature rise due to heating drawn through 

circled measurements. 

magnitude of the velocity including components 
both normal and parallel to the notch bottom. 
One display of velocity ratios is shown in Fig. 10 
for purposes of comparison, but the major por- 
tion of the velocity results is included in [8]. 
Temperatures in the flow were sensed by a 
nichrome-constantan thermocouple that was 
strung between sewing needles. 

Temperatures in square notch jlow 
Temperature rise due to heating is displayed 

in Fig. 9 as isotherms or temperature contours 
that are identified both as t [degF] and T [fP2], 
where T = ( tks/qw)( Pr Ur/p8)0’s. A simple relation 
between T and W exists at the surface, namely, 
Tw E 11 W. Values of Tw are shown in Fig. 9. 

Temperatures in the square-notch flow are 
quite low compared with surface temperatures. 
This implies that the major resistance to heat 
transfer is at the surface where the major tem- 
perature drop occurs. 

There are some trends in the temperatures in 
the square notch that correlate with Roshko’s 
concept of the flow, which consists of one large 
vortex in the body of the notch and two small 
vortices that counter-rotate in the corners. 
Temperatures increase in the direction of the 
main vertical flow along the perimeter, which 
was found in [7] and [8] to be from the back 
edge to the front edge. Another consistent feature 
is the relatively low fluid temperature near the 
back side where the fluid from the free shear 
layer enters the notch. 
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(45). (42)., (40)’ (41) ‘I:’ ;;+(38) “j’ :: (35) (30) ” 

FIG. 10. Temperature and velocity in L/H = 12 notch. 

Temperatures in the L/H = 12 notch 
A temperature peak (or hot spot) in the 

central region of the L/H = 1% notch is shown 
by the isotherms in Fig. 11. A peak at such a 
location gives the appearance of a source of heat 
in the flow because of the common physical 
concept that heat always diffuses in the direction 
of declining temperature. Heat transfer is also 
unusual on the bottom beneath the temperature 
peak; W( = l/T,) shows a local peak and 
valley there. This location on the bottom is 
also the limit of the alterations of W that 
results from not heating the notch sides; W is 
increased toward the back but changed little 
toward the front, as shown in Fig. 7. Maxi- 
mum velocities along the bottom are about 
O-4 Ur in back of this location, but they 
are lower in front of this location. All these 
measurements, however, serve to just identify a 
site of unusual effects; they do not combine to 
produce a coherent explanation of the pheno- 
mena there. It does seem possible, however, that 

these phenomena may be associated with a 
three-dimensional effect, such as those discussed 
in [l 11, since one of the present phenomena, 
the temperature peak, is not consistent with two- 
dimensional flow effects. 

TEMPERATURES NEAR THE BOTTOM 

SURFACE 

In the L/H = 1 and 13 notches, the tempera- 
tures in the flow near the bottom are comparedin 
Fig. 11 to the von K&man analogy profile from 
turbulent boundary layers. The measured quan- 
tities, t* = tpc2/(Tw/p)/qwand Y* = Yd(~Jp)/v, 
utilize the shear results from [8]. No agreement is 
shown between the measurements and either the 
von K&man laminar sublayer (t * = a Y* ; Y * 5 5) 
or the von Karman intermediate layer 

{t* = 50 + 5 log [(0Y”/5) + 1 - u]; 

5 s Y* $ 30), 
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I 0 MEASUREMENTS 

0.32 0,017 158 

0.56 0.050 163 
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0.025 163 
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O-023 

0.028 163 

0.036 162 

u, 

160 

FIG. 1 I. Temperatures near bottom surface. Curve is van Khrmdn profile from turbulent boundary layers. 
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for a Prandtl number u of 0.70. In Fig. 11, the 
measurements are also shown after they have 
been shifted toward the surface so that the 
first measurement matches the von Kkrmgn 
profile. In some instances, the second shifted 
measurement also matches the profile; but in all 
other respects, the measurements are not similar 
to those in fully-developed turbulent boundary 
layers, as described by the von KArmGn profile. 

4. 

5. 

6. 

ACKNOWLEDGEMENTS 
The guidance of Prof. R. A. Seban of the University of 

California, Berkeley, in the conduct of this research is 
gratefully acknowledged. The research that produced 
these results was supported by the National Science 
Foundation under Grant 17909. 

REFERENCES 
1. H. K. LARSON, Heat transfer in separated flows, 

J. Aerosp. Sci. 26, 73 I (1959). 
2. A. F. CHARWAT, C. F. DEWEY, J. N. Roes and 

J. A. HITZ, An investigation of separated flows. 
Pt. II. Flow in the cavity and heat transfer, J. 
Aerosp. Sci. 28, 513 (1961). 

7. 

8. 

9. 

10. 

11. 
3. R. A. SEBAN and J. Fox, Heat transfer to the air 

flow in a surface cavity, International Developments 
in Heat Transfer. D. 426. ASME (1963). 
D. R. CHAPMAN; A iheoreticai analysis of heat 
transfer in regions of separated flow, NACA TN 
3792 (1956). 
H. H. KORST, A theory for base pressures in transonic 
and supersonic flow, J. Appl. Mech. 23, 593 (1956). 
H. H. KORST and W. L. CHOW, Compressible non- 
isoenergetic two-dimensional turbulent (Put = I) jet 
mixing at constant pressure-auxiliary integrals- 
heat transfer and friction coefficients for fully 
developed mixing profiles, Univ. Ill., ME-TN-392-4, 
OSR-TN-59-380 (1959). Also ME-TR-392-5 (1959). 

A. ROSHKO, Some measurements of flow in a rectan- 
gular cutout, NACA TN 3488 (1955). 
JAY Fox, Surface pressure and turbulent airflow in 
transverse rectangular notches, NASA TN D-2501 
(1964). 
R. A. SEBAN, A. EMERY and A. LEVY, Heat transfer 
to separated and reattached subsonic turbulent 
flows obtained downstream of a surface step, 

J. Aerosp. Sci. 26, 809 (1959). 
R. A. SEBAN and A. M. LEVY, The effect of a down- 
stream splitter plate on the heat transfer from a 
circular cylinder normal to an airstream, WADC 
TR 57479 (1957). 
D. J. MAULL and L. F. EAST, Three-dimensional 
flow in cavities, J. Fluid Mech. 16, 620 (1963). 

Nom ADDED IN PROOF, 9 December 1964: H. H. Korst flow will soon be published in a Rutgers symposium 
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Zusammenfassung-Fi.ir Luftgeschwindigkeiten von 49 bis 183 m/s werden Wlrmeiibergangsparameter 
und Riickgewinnfaktoren an allen Oberfllchen einer quer zum Strom verlaufenden rechteckigen 
Vertiefung mit einem Verhlltnis LBnge zu HGhe L/H von ) bis 1 j angegeben. Die Wlrmetibergangs- 
zahlen sind der Massenstromdichte des Freistroms p,U, hoch 0,8 proportional, wodurch die friihere 
Kontroverse mit den Messungen von Larsen in turbulenter Strijmung und mit den Vorstellungen 
Charwat’s fiir einen neuen Bereich von L/H fortgesetzt wird. Eine vorllufige Proportionalittit wurde 
zwischen WIrmeiibergangszahl und Vertiefungsllne;e hoch -0.2 gefunden. Die Proportionalitlt 
ermtiglicht die Aufsteiung einer Beziehung mit dim&sionslosen Gr8ssen. Die Riickgewinnfaktoren 
entsprechen dem vorhergehenden Vorschlag iiber deutlich ausgeprtigte StrSmungsarten in Vertiefungen 
mit verschiedenen Bereichen von L/H. Die Temperaturen in der StrGmung nahe an der Oberfllche der 
Vertiefung stimmen weder mit den Profilen der turbulenten Grenzschicht noch mit den Annahmen 

bestehender Theorien iiber den Wlrmeiibergang in Vertiefungen iiberein. 

AHHOT~~~~=-IIPMB~~HTCH Ten~006MeHHbIe xapaKTepncTMKI1 II K03@@IqMeBTbI BoccTaIIoB~e- 
HHR AJIH BCeX nOBepXHOCTt?ti IIOIIepBYHOrO IIpRMOyI’OfibHOrO ?IQ%IO6a C OTHOIIIBHHBM x.rIMHbI 
K BbICOTB L/H OT ) x0 1; H npn CKOpOCTLI BO3ayxa OT 48,768 M/CC% JO 182,88 M/CeK. HOa@- 
(PHqIleHTbI TeII.?OOGMeHa npOnOpI,I,IOHanbHbI MaCCOBOMy paCXOnJ’ IIeBO3M~I~eHHOI’O IIoTOICa 
P,u, B CTBIIBHII 0,8, YTO B HOBOM AHaIIa3OHe BeJILlqIlllbI L/H IIpOAOJIxtaeT IIpOTMBOpfYiIITL 
H3MBpeHIUIM jIapCOHa AJIfI T&@neHTHOrO TeYeHHR A IIpe~CTaBJIBHHFIM %psOTa. OpMeIITli- 
p0~0~~0 HatiReHa IIponop~noHaabnocTb Memfiy Kon@$rIItneI~TaM~ Tennooi%ena li ~na1101? 
meno6a B cTenen&I -0,2. 3Ta npOIIOP~I~OHa~bHOCTL RenaeT BO%iOX(HOfi 6eapaBMepngIo 
KOppenflqHIO. ~03+#HqHBHTbI BOCCTBHOBJIBHXR COBMeCTLlMbI C paHee npBznOlKeHHbIM npefi- 
CTaBJIeHMeM 0 pa3JIllsHbIx peHcIIMax nOTOK B meJIO6aX &nH paaJInsabIX ~llana3oHoB L/H. 
TeMnepaTypa nOTOK y nOBBpXHOCTM Htt?JIO6a He COrJlaCyeTCH HH C npO&JrHMkl TyP6yneHT- 
HOr0 norpaImsnor0 CJI~FI, HH c npe~nono~eHmIMn, caenaHHbrMa B cyqecTByromHx TeopHHx, 

0 Tennoo6Mese B zKeno6aX. 


