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VELOCITY AND TEMPERATURE PROFILES IN A WALL JET
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Abstract—Conditions approximating those of the wall jet have been obtained by operating a system,
involving tangential air injection into a turbulent boundary layer, with very low values of the free
stream velocity. Under such conditions the flow is essentially produced by the injected air and measure-
ment of the velocity profiles shows correspondence to the theory for the turbulent wall jet. With some
alternation of the eddy diffusivity of that theory the measured temperature profiles can also be pre-
dicted and these, together with the velocity profiles, are shown to agree generally with the measured
values of the adiabatic wall temperature. The measured heat transfer coefficients are related to the
hydrodynamic characteristics by a formulation of the Colburn type.

Résumé—Des conditions se rapprochant de celles du jet & la paroi ont été réalisées avec un dispositif
compartant une injection tangentielle d’air dans une couche limite turbulente, les vitesses de I'écoule-
ment libre étant trés basses. Dans de telles conditions, I'écoulement est essentiellement produit par
Pair injecté et la mesure des profils de vitesses est en accord avec la théorie du jet turbulent 4 la paroi.
Les profils de température mesurés se retrouvent également par cette théorie si U'on fait quelques
corrections sur la diffusivité turbulente; ces profils de vitesse et de température sont généralement en
bon accord avec la température de paroi adiabatique mesurée, Les mesures des coefficients de trans-
mission de chaleur sont reliées aux caractéristiques hydrodynamiques par une formule du type Colburn.

Zusammenfassung—Durch tangentiales Einblasen von Luft sehr kleiner Freistromgeschwindigkeit in
die turbulente Grenzschicht wurden angendhert die bei einem Schlitz auftretenden Verhiltnisse
erreicht. Die Strémung wird dabei im wesentlichen von der eingeblasenen Luft hervorgerufen und
Messungen des Geschwindigkeitsprofils zeigen Ubereinstimmung mit der Theorie fiir turbulente
Schlitzstromungen. Nach Anderung der turbulenten Austauschgrésse der Theorie kdnnen auch die
gemessenen Temperaturprofile vorherbestimmt werden und stimmen, zusammen mit den Geschwindig-
keitsprofilen, im Allgemeinen mit den ermittelten Werten der adiabaten Wandtemperatur iiberein. Die
gemessenen Wirmeiibergangskoeffizienten sind nach einer Formulierung von Colburn auf die kenn-
zeichnenden hydrodynamischen Grossen bezogen.

Annoramua—C noMOmpio cucTemsl, ofecnevHBamlmell BAYB BO3IYXA IO KacaTembHON B
TypOyJIeHTHE! TOPPAaHNYHLN ¢aoll, MOIyHMeHs! YCIOBAA, ANNPOKCUMUPYIONHE YCIOBUA AIH
CTPYH BONMaM CTEHKH (IPH OYSHH MANBIX SHAYGHHAX CKODOCTH HEBO3MYMISHHOrO MOTOKA).
Ilpu TarBx yCHOBUSAX HOTOK, IO CYIHECTRY, CO3XAETCA 3HyBAeMBIM BOBAYXOM, & I3MepeHHHe
NPOPUIN CHOPOCTH CBHAETENBCTBYIOT O COOTBRTCTBHHM MX ¢ Teopuelt TypGyJeHTHOH CTpym
BOnusK crewrn. EcCnM HeCKONBKO W3MEHHT, NDHHATHH B 0T0H Teopmu Kosdduument
AngQysun BWXDHA, TO HBMePeHHHE TeMNUEPATypHLE NPOUIH MOTYT TAKKe OLITH 3AHBL.
[loxasane, 9T0 BMECTE ¢ HPOPUIIAMH CKOPOCTH OHH, B 0BUBM , COTVIACYIOTCH ¢ HBMEPEHHBIMA
BeJIMYMHAMH TeMIepaTypsl apuafatuyecko#t cremkm. Hooddmuumentn nepemoca Temma
CBA3AHH ¢ THAPOAMHAMUYECKMMH XADAKTEPUCTHKAMH WpH NOMOILm aHajoruu Hosbopha.

NOMENCLATURE s, injection slot height;

a, b, defined in equations (1) or (2); f temperature above free stream,

Cp specific heat at constant pressure; °F; 1 injection air, ¢, free stream,

h, local heat transfer coefficient; t, adiabatic wall temperature;

" - e —— T, absolute temperature, °R;
Caliggxff:?ge&feg?cgiﬁﬁln ;f’gmeermg’ University of u, velocity; u, injection air, u, free

t Research Assistant, Institute of Engineering Re- stream, u,, maximum velocity,
search, University of California, Berkeley, California. U reference velocity;
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v, velocity;
X, distance downstream from slot;
Xy, positive distance between the
slot and the effective origin of
the jet;
v, distance from wall,

Greek symbols
= X + X,, distance downstream from the

effective origin of the jet;

8, distance from wall to the point

in the outer region at which

U= up/2;

distance from wall to velocity

maximum;

8; = 8 — §,,, distance from velocity maximum

to the point where ¥ = u,,/2;

-

{=y/3, dimensioniess distance from
wall;

7, similarity variable defined in
equation (4);

a, velocity profile parameter;

v, kinematic viscosity;

€, diffusivity;

Tos shearing stress at wall;

, Prandtl number;

Ps density.

Subscripts

S, injection air;

1, free stream;

a, adiabatic wall.

INTRODUCTION

REsULTS have been presented [1] in a previous
report for the heat transfer coefficient and for
the effectiveness that were obtained from a

!
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system involving the tangential injection of air
into the turbulent boundary layer produced
by an air stream flowing over a plate. This
apparatus, which was essentially a model of a
film cooling system, was operated with both high
and low ratios of the injection velocity to the
free stream velocity, and for the high ratios
the results for the effectiveness and for the heat
transfer coefficient were found to correspond to
the earlier results of Jakob [2] that were obtained
on a similar system in which the free stream
velocity was zero. Without free stream velocity,
the flow situation is that of the wall jet and that is
the focus of the present consideration even
though the free stream velocity could not be
eliminated completely in the system from which
the present results were obtained. It was the
availability of this system for the provision of
some detailed hydrodynamic and thermal
characteristics that produced the present results,
which demonstrate that the major characteristics
of the flow agree with the theory of the wall jet
as given by Glauert [3] and that the effectiveness
and the heat transfer coefficients that have
already been correlated empirically do agree
with the consequences of that theory.

The system shown in Fig. I, from which were
obtained the present results, consisted of a test
surface, 12 in wide and 18 in long, which was
one side of the 4 in X 12 in rectangular test
section of a small, once through, wind tunnel.
The injection slot, variable in height, spanned
the 12 in width of the test surface and was
located at its upstream edge, just downstream of
the tunnel nozzle. There existed provisions for
heating the injection air, heating the plate, and for
the determination of the necessary temperatures
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Fic. 1. Slot and test section. Point “A” is the effective origin of the jet.
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and pressures. The low free stream velocities
that existed for the operation that is con-
sidered here were obtained with the tunnel
blower inoperative and the main stream flow
was also restricted to the point of incipient back
flow in the test section.

THE WALL JET

Glauert [3] achieved an analytical specification
of the wall jet for both laminar and turbulent
flow, for the latter on the basis of a near
similarity in which the velocity profiles are
relatively invariable for given orders of the
Reynolds number. The essential nature of these
profiles is characterized by a parameter a,
indicative of the proportional extent of the
inner flow, between the wall and the velocity
maximum, to that of the outer flow between the
velocity maximum and the stationary fluid far
from the wall. Fig. 2 shows the nature of the
velocity profile of the flow, which begins at a
source and proceeds downstream, with the
maximum velocity diminishing according to a
power law, u,, ~ £2. The width of the layer, too,
follows a power law, 8 ~ £° and the exponents
a and b are related to the parameter « in two
possible and similar ways,

—4a 7|
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The analysis gives the local velocity in terms
of a reference velocity U, not easily defined, and
an additional parameter A which depends on a.

o5

A
The function f, associated with the stream
function, is of course the essential result of the
similarity solution. The similarity variable, 7, is
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FiG. 2. Velocity profiles from Glauert’s theory.

Curve a is the profile for a = 1-2, curve b for o = 1-3.

The inset shows the distribution of the diffusivity and

curve ¢ is that corresponding to the velocity distribu-

tion for a = 1-2. Curve d is a deduction based on the
measured temperature profiles.

Fig. 2 shows d f/dn as a function of », through
co-ordinates which are actually

).

as a function of /7, with 8 being the distance
from the wall to that point in the outer region
at which the velocity is half of the maximum
value; this is the distance most precisely deter-
mined by the experimental results. The figure
defines also two other distances that are signifi-
cant, that from the wall to the velocity maximum,
8., and §, from the velocity maximum to the
point where ¥ = u,/2. The flatness of the
experimental profile near the velocity maximum
makes the latter distances hard to define experi-
mentally, as revealed by the typical theoretical
profiles of Fig. 2.

Primarily because of later concern with the
temperature profiles it is important to specify
the eddy diffusivity from which were predicted
the velocity profiles. Since similarity is un-
attainable if molecular transport is included
precisely, the diffusivity ¢ is presumed to include
the molecular effects to the extent they are
compatible with similarity. A convenient form
for illustration gives the diffusivity in ths form
produced by integration of the momentum
equation
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where F' = ufu,, and { = y/8.

The values of the diffusivity contained on
Fig. 2 were evaluated from equation (5) in the
outer region but near the wall accuracy required
the use of the alternative specification of Ref. 3.
The constant value in the outer region can also
be specified as 085 (u.8/e) = l/x, so that
« = 072 (a + b)S8/¢ and the constant value of «
implied for the outer region is realized if b = 1.

VELOCITY PROFILES

Figure 3 shows the experimental velocity
profiles obtained downstream of a slot 0-250 inch
in height, at seven downstream positions, to
reveal that essential similarity was obtained at
the station at 0-642 ft (x/s == 37-0) and beyond.
The profile at x = 0-38 (x/s = 18-3) is close to
these profiles and in fact gives the best cor-
respondence with Glauert’s prediction, while
the downstream profiles agree with that of
Sigalla [4], obtained experimentally on a wall
jet. This points to the possibility that the diffusi-
vity in the outer region may be slightly lower than
that assumed in the theory.

Figure 4 presents the experimental profiles
obtained with a 0-063 in slot for two different
injection velocities. The profiles for the injection
velocity of 211 ft/s agree better with the theory
than do those for the (-25 in slot, shown on
Fig. 3. Only the profile for x == 0-05 ft (x/s = 9-6)
shows a marked departure and that at the next
station, x/s == 29, reveals similarity and agree-
ment with the theory. Similar results exist for
the lower injection velocity, except for a depar-
ture of the profile at the last station, but there
the velocities were very low and the accuracy
of the determination much diminished. Generally
the results for the smaller slot correspond
better with the theory, though the results for
the larger slot are not inferior and all the profiles
support the theory even in the present case in
which the finite free stream velocity terminates
the profiles in the outer region of the flow. The
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Fic. 3. Velocity profiles for the 0-25 in slot.
Curve a is the same curve of Fig. 2, curve b is the
result of Sigalla [4]. The slot Reynolds number was of
the order of 6850. Quantities associated with the

profiles are as follows.

x/s wy (ft/s) u, (ftfs) w,, (f1/s) 8 (in) U]y
2-4 9 56 60 027 7920
72 11 56 56 0-35 9650

100 8 58 52 0-37 9400

18-3 9 58 45 051 11300

310 9 57 40 071 13900

383 11 55 38 -86 16000

624 11 56 33 131 21100

influence of the free stream flow is indicated to
be small even for ratios u;/u,, as large as 0-40,
The considerable correspondence between the
theoretical and the experimental profiles leads
immediately to the question of the degree to
which the power law dependence indicated by
the theory is borne out by the experimental
results. Since that distance is measured from a
source at the effective origin of the flow, it must
be obtained from a combination of experiment
and theory in reference to some feature of the
flow and the profiles themselves can be used for
this. If the thickness, 8, is specified from equation
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Fic. 4. Velocity profiles for the §-063 in slot.

The upper set of results is for an injection velocity of

99 ft/s and the lower for 211 ft/s, the slot Reynolds

numbers being of the order of 3030 and 6450 respec-

tively. The curves are curve “a” of Fig. 2. Associated
quantities are as follows.

x/s uy (ft/s) u, (ft/s) w, (ftfs) &(in)  wund/v
96 13 99 107 0085 4580
29 13 99 69 017 6050
73 12 99 47 0-39 9270
250 12 99 28 156 22300
96 23 211 196 010 10100
29 23 211 135 0-20 13600
73 22 211 94 0-43 20500
250 23 211 57 144 41700

(4) and the maximum velocity, u,,, from equation
(3), then the reference velocity can be eliminated
to define the distance ¢; or, equivalently, the
(positive) distance from the upsiream origin to
the slot location.
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The function f,,, /., and the distance »; are given
as functions of « in Ref. 3 and the values for
Xof/s that are obtained from the profiles of Fig.
3 are contained in Table 1.

Table 1. Values of xols, 025 in slot

From profile at x = 0-208 -308 1-3
foro =12 13 18 45
1-3 34 50 142

It is clear from the results in the table that the
dependence of the upstream distance x,/s on the
parameter a is far too strong in terms of the
scant choice in the value of the parameter that
can be made from the velocity profiles. A dis-
quieting feature of the tabulated results is the
increasing upstream distance that is defined by
the profiles at greater downstream distances and
consequent implication that a true power law
behavior may not exist in the experimental
results. Such a situation is possible and may be
engendered by the increasing influence of the
free stream velocity at large downstream
distances, where the maximum velocity becomes
low. In any case, equation (6) does not yield
consistent results and as an alternative a best
fit to a power law behavior was obtained by
arbitrary choices of the distance x,/s. This is not
a particularly definitive procedure and a con-
siderable latitude is available in the choice; the
value x,/s = 12 was chosen as a magnitude
giving the reasonable portrayal contained in
Fig. 5. There the experimental values are subject
to the empirical generalization of representing
(un®)/(us) and u,/u,. This applies fairly for the
local value of u,,5, and the values thereof can be
found, within 5 per cent, from the relation

0:60
“d 0912 (5) . )
A s

There is less agreement in the case of the
maximum velocity, and in particular the values
for the 0-25 in slot reveal a reduced dependence
on distance, while those for the 0:063 in slot

indicate a small magnitude dependence on the
injection velocity. To obtain a single equation,
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F1G. 5. The maximum velocity and the layer thickness.

The curves represent the best fit to the experimental
data and are equations (7) and (8).

an approximately 5 per cent tolerance is ac-
cepted and the last point for the 0-25 in slot
neglected, with the result

Un
U

a9 ®)

= 36 ( >

N S,
Table 2 contains the individual results for the
exponents a and b, for u,, ~ £* and § ~ £, and
includes the predictions of these exponents for
a = 1-2 and 1-3 from equations (1) and (2). The
experimental values of the exponent “a” are a
little low, those of “b” a little high, but the
degree of dependence is of the same order as is
the selection that is available from equations
(1) and (2).
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SHEAR COEFFICIENTS
Shear coefficients have been determined from
the velocity profiles by a semi-logarithmic
representation of the values near the wall and the
location of this part of the profile in agreement
with the law of the wall, taken as

y V(7o p)

U
% 5505 9
Vralp 22 T A3 los @

and also with the profile of the transition layer,
taken on the Kdrman basis as

u
V7ol p

The use of the transition layer velocity distribu-
tion for the appraisal of the friction was dictated
by the small extent of the region where the law
of the wall could be expected to apply, for in
most cases the velocity maximum occurred in the
region of y+/(74/p)/v = 150 and the influence of
the greater diffusivity that existed there was
evident in a departure of the velocity profile
from equation (9) in that part of the inner layer
near the velocity maximum. The uncertainty in
the determination of the friction, particularly
due to this effect, made the possible error in the
coefficients about 5 per cent for the results for
the 0-25 in slot and 10 per cent for those for the
0-063 in slot

Figure 6 shows the values, as coefficients,
7o/ pu?, presented as a function of the relative
distance £/s and demonstrates approximately the
power law behavior predicted by the theory,
in which it was assumed that near the wall

T, 00225
put (upfr)

If this relation is presumed to hold as far as the
velocity maximum then there is indicated a

IV (rolp)

— 305 + 5log (10)

To

(1D

Table 2. Power law exponents

}b)”a!

Slot ‘ Us - ‘ a (a F‘ a b
[
0-250 : 56 J 0-60 ‘ —0-37 0-97 J Equation (1) o = 1-2 —0-49 0-90
0063 ‘ 211 0-60 —0-45 1-05 a =13 —0-51 0-90
0063 | 99 0-63 —047 110 Equation (2) o = 12 | —055 1
Equations (7, 8) l 0-60 | —0-45 1-05 a =13 —~056 | 1
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proportionality of the shear coefficient to
£~ +0/4 and Fig. 6 then demonstrates agreement
with the values of the exponent that are obtained
from equations (1) or (2). In more specific
reference to the experimental results, with §,,/8
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FiG. 6. Skin friction coefficients.

Curves a and b are equation (12) for slot Reynolds
numbers of 3500 and 7000 respectively.

taken as 0-18 and equation (7) used for u,,s,
equation (11) becomes

To 0-054 g\ -01s

o, (s (s)
Fig. 6 contains the indication of equation (12)
for two values of the Reynolds number that are
typical of the experimental values to demonstrate
an acceptable correspondence, particularly at
the higher Reynolds number. The results for the
lower Reynolds number are above equation (12),
but the accuracy of these values is particularly
questionable.

(12)

TEMPERATURE PROFILES

Temperature profiles were obtained with a
40 gage nichrome—constantan thermocouple,
mounted on a fork made of sewing needles.
Traverses were made with heated injection and
an adiabatic wall, for operating conditions
similar to those for which the velocity profiles
were determined. These temperature profiles
are presented as the ratio #/t,, where ¢, is the
observed wall temperature and the few instances
in which the ratio exceeds unity at the wall
reflect discrepancies between the indication of
the thermocouple probe and the thermocouple
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in the wall. Fig. 7(a) presents the profiles
obtained for the 0-25 in slot and reveals essential
similarity for those profiles at positions at and
downstream of x/s = 18 (¢/s = 30). This agrees
with the indication of the velocity profiles that
it is in this region that similarity is first achieved.

All of these profiles are for an adiabatic wall
condition but only those for positions very near
the slot show a slope of zero at the wall. At the
downstream positions for which similarity is
attained the curvature of the profile at the wall is
so great that the initial slope of zero is not dis-
cernable. This feature exists also in the analytical
predictions that are presented later.
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FiG. 7. Temperature profiles.

(a) and (b) show results for the 0-250 and 0-063 in

slots respectively. Operating conditions were similar

to those for the velocity profiles shown on Figs. 3

and 4. The curve is the mean experimental profile for
the 0:250 in slot.

Figure 7(b) presents the few profiles obtained
for the 0-063 in slot and also reveals that
similarity was attained at least for the first
position at x/s 28-8. The average experi-
mental curve determined from the profiles for
the 0-25 in slot is also shown on Fig. 7(b) and
exhibits a good degree of correspondence to the
profiles shown on that figure.

Beyond the realization of the expected
similarity, the further appraisal of the profiles
must deal with the extent to which the theoretical
prediction is realized and such a prediction can
be made from the hydrodynamic solution if the
diffusivities for heat and momentum are taken
to be equal. Insofar as the molecular contribu-
tions are concerned, this implies of course
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a Prandtl number of unity. The energy equation,
with dissipation neglected and properties taken
as constant, is

ot ot & (eetion)

S = -

uag 6}1 ay (13)

With u/,u = F'({), where

L= g
— 8 8[d(un)/dE)

depending only on {; and ¢ = ¢,g({) with
t, ~ £-@+9; this equation transforms to the
ordinary differential equation:

def _ d [i ] € g

df  d¢ [ 8[d(und)/dE]| dL’
With an adiabatic wall, dg/d{ = 0 at { = 0 and

dg  [3[d(und)/d€]
d¢

(13)

O
and since g(0) = 1, there is obtained for the
temperature profile

oo Jr[2 40 al) g

Figure 8 shows the profile predicted from the
velocity distribution and diffusivity for « = 1:2
as they are indicated on Fig. 2, except that the
“inner” diffusivity was used as far as { = 0-18.
Comparison with the curve that approximates
the experimental profile shows that the predicted
resistance near the wall is too large and that in
the outer layer, beyond the velocity maximum,
it is too small. To show how the prediction
is affected by the magnitude of the diffusivity, a
prediction is also shown for the case in which the
diffusivity of the inner layer has been increased
by a factor of 1-65 and that of the outer layer has
decreased by a factor of 0-77. This agrees with
the experimental values in the inner region and
it is to be noted that the increase in the diffusivity
that has been used is far greater than might be
expected from any consideration that the Prandtl
number of the air is 0-70. There is an irregularity
in the prediction near the velocity maximum
that is due to the sudden increase in the postu-
lated diffusivity but the remainder of the
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Fi1G. 8. Temperature profiles.

The experimental curve is that shown in Fig. 7.
Curve a is that for the diffusivity given by curve ¢ on
Fig. 2 for a = 1-2. Curve b is that also given by
curve ¢ on Fig. 2, but with ¢ increased by 65 per cent
for { < 0-18 and decreased 23 per cent for { > 0-18.

prediction is in accord with experiment out to
y/8 = 1. Beyond this, the experimental values
themselves are not well represented by the line
that is indicated for them, as it is in this region
that the existence of the finite free stream velocity
apparently diminishes the diffusivity to values
below that of the prediction.

Another view of the value of the diffusivity
that is needed for better correspondence is
presented in Fig. 2, where there has been indi-
cated the diffusivity that would be required for
the realization of the linear temperature profile
with the theoretical velocity distribution cor-
responding to « = 1-2. This of course is obtain-
able directly from equation (15) in a particularly
simple way when the temperature profile is
approximated as linear. The diffusivity obtained
in this way varies continuously with { and in the
outer region there is indicated an average value
of the order of ¢/8 [d(u,,8)/d¢] = 0-40. In the
theory the diffusivity in the outer region is
presumed to vary only with distance along the
plate according to u,,8;/¢ = 1/«x. From equation
(%),

€ (a+b)d
T [B[d(umS)/dfl} 085 ¢
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and with equations (7) and (8) used to evaluate
8/¢ and to define (@ 4+ b), this becomes

€
v = (0:069) {s‘[dwms)zaﬂ}-
This gives k = 0-042 and 0-028 for

€
{SE[d(umS)/dfl}
equal to 0-61 and 0-40 respectively and these
values are larger than that of « = 0-012 inferred
by Glauert for the radial wall jet.

EFFECTIVENESS

The effectiveness is the ratio of the local
adiabatic wall temperature to the temperature of
the injection air, and the observations con-
cerning the similarity of the temperature and
velocity profiles imply that the effectiveness
should be proportional to £-(+) at down-
stream distances greater than ¢/s of the order of
30. Fig. 9 shows the values of the effectiveness to
indicate this to be true, and that the individual
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FiG. 9. Effectiveness.
The curve is equation (20) for p,/p, = 1-0.

slopes for the three runs illustrated do vary
slightly from about —0-60 for the 0-25 in slot to
—0-57 for the 0-063 in slot with the high speed
injection. Table 2 gives (a -+ b) = 0-60 for both
conditions, as does equation (7).

Further consideration of the effectiveness
requires the specification of 7, from an energy
balance
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For the relatively small temperature differences
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involved in the results shown in the figure, for
which T,/T, < 1-11, the integral in equation (17)

can be approximated as
“u t y t, {®/t\2u (y

e eel) =7 () atal) 09
The second integral is 0-7 times the first but the
coefficient #,/T is only 0-11 as a maximum, so
that the second term of the expression (18) is
neglected and equation (17) is approximated in
the following form, the denominator then being

at most 8 per cent high.

fa _ pohss [ 1 (Y
ts - Plum8 o Um ta (8 '

The integral, evaluated from the linear tempera-
ture profile of Fig. 7 and the theoretical velocity
profile for « = 1-2, has a value of 0-:607, and if
equation (7) is used for the ratio w,s/u,,8 there is

obtained
ta ; —0:60
:7qﬂ(% _

(19)

; (20)
There is risk in this formulation because both
the velocity profile used in the integral in
equation (19) and u.s/u,,8 given by equation (7)
were obtained for isothermal conditions, and
not for the case of variable density now con-
sidered. Also, the value of the integral as used
in equation (19) is too high, as noted. Thus
equation (20) shown on Fig. 9 with p,/p;, = 10
is at least something less than 11 per cent too
high for the 0-063 in slot, the difference de-
creasing with increasing slot size.

HEAT TRANSFER

Temperature profiles were not obtained for the
runs made with heat transfer and the considera-
tion is limited to the comparison of the results
previously reported to the evidence about the
flow that has been presented here. Fig. 10 shows
the pertinent runs portrayed in the correlation
previously proposed, as a function of the
effective distance ¢£. This is essentially the por-
trayal used originally [I] except that the
addition of the distance x,/s = 12 eliminates the
need in these runs, at least, for the separate
correlation that was used for the region near the
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slot. But previous evidence here indicates that
the power law dependence

; A\ 0-3 F &y —060
) e

( (1)
PS“SCI} v ¥ | S,

shown on Fig. 10 as curve ¢, should not be
expected closer to the slot than ¢/s = 30.
Beyond this point the correlation is fairly
successful, approximating a power law with a
scatter of points in a band about 10 per cent
in width.

Contrasted to the effectiveness, the heat
transfer depends crucially on conditions near
the wall, and the solution of equation (13) will
need to be matched to some appropriate sub-
layer assumptions in order to obtain a proper
result. In lieu of this there is chosen here the
Colburn analogy,

Tg

h
(0.)2,':} .
PuIN

2
pULCy

as a possible appropriate relation between the
heat transfer and friction coefficients. If this
choice is combined with equations (12) and (8),
there is obtained the relation

h 0-25 (5) —0-60

' = (s 2
pus(‘p (USS/V):U4 (2“’)

N

Fig. 10 shows that the prediction of equation
(22) is not more than 10 per cent low and that the
effect of the difference in the exponents of the
slot Reynolds number in equation (22) and the
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Fi1G. 10. Heat transfer.

Curves a and b are equation (22) for slot Reynolds
numbers of 3000 and 6000 respectively. Curve c is
equation (21).
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correlation used on Fig. 10 is not a crucial one
in the range of Reynolds numbers that is en-
compassed there. It is noteworthy that the
correspondence between the thermal and the
hydrodynamic behavior that is achieved for this
flow is the equal of that usually found for the
more conventional systems of pipe flow and the
usual turbulent boundary layer on a plate.

SUMMARY

An approximation to the wall jet, in which the
free stream velocity was small but not zero, has
been investigated experimentally to appraise
the degree to which the behavior of the theoreti-
cal flow was realized and to establish the extent
to which the measured effectiveness and heat
transfer coefficient might be predicted. Generally
successful achievement of these comparisons
embraced the following items.

The velocity profile in that system considered
is practically the same as that predicted and this
correspondence holds almost to the point
at which exists the free stream velocity; and this
agreement existed beyond about 18 slot heights
downstream of the slot. Power law behavior
exists approximately with respect to downstream
distance with exponents being of the order of
magnitude that are indicated by the theory, but
this is the weakest part of the comparison. The
friction factors can be predicted well if the
experimental dependence on distance s
employed.

Agreement between the predicted temperature
profiles and those determined experimentally
with an adiabatic wall requires some alteration
of the eddy diffusivity and in particular the value
in the outer region must be reduced by 30 per
cent from that implied by the theory; but other
than this, the correspondence is perhaps better
than would have been anticipated. When values
of the effectiveness are predicted from the
hydrodynamic and thermal profiles the predic-
tion agrees with the results for the larger slot but
is otherwise high by about 15 per cent.

Heat transfer coefficients, predicted from the
flow results, are about 10 per cent below the
data; and the prediction, based upon the Col-
burn analogy, verifies this relation for this
system.
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