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Abstract-The thermal response of an incompressible, laminar boundary layer over a semi-infinite flat 
plate due to a step change in either the wall temperature or wall flus is investigated. A new analytical 
method of finding solutions valid for all times is presented. Results for wall flus or wall temperature 
transients are displayed graphically for Prandtl numbers ranging from 001 to 100. It is demonstrated that, 
for a restricted range of Prandtl number (0.72 to lOO), the time required for the thermal layer to achieve 
steadiness varies inversely with the free stream velocity and directly with f power of the Prandtl number. 

For an ideal gas of constant Prandtl number with linear viscosity-temperature relation of the Chapman- 
Rubesin description, the incompressible results for both cases can be directly applied when the fluid 

properties are properly interpreted. 

NOMENCLATURE Greek symbols 
specific heat at constant pressure ; 6 thermal diffusivity ; 
thermal conductivity ; CL> dynamic viscosity ; 
Nusselt number, = q,x/(T, - T,,) k ; v, kinematic viscosity ; 
for compressible flow with a step change p, density. 
in surface temperature, k is to be 
evaluated at T, ; Subscripts 
parameter in Laplace transform ; S, steady state ; 
Prandtl number, = c&k ; w 9 wall ; 
heat flux ; aw, adiabatic wall ; 
Reynolds number, = U.&V ; for corn- co, free stream condition. 
pressible flow with a step change in 
surface temperature, v is to be evaluated 
at T,; 

1. INTRODUCTION 

temperature ; THE THERMAL response behavior of an in- 

time ; compressible, steady laminar boundary layer 

velocity component in x-direction ; over a flat plate due to a step change in surface 

velocity component in y-direction ; temperature has been studied by Cess [l]. 

coordinate along the plate ; Series solutions corresponding to small and 

coordinate normal to the plate ; large times were deduced in the Laplace trans- 

Heaviside unit operator, = 0 for t < 0 form plane and were joined by an essentially 

and = 1 for t 2 0. empirical curve fitting procedure devised by 
Rosenzweig [2]. Possible pitfalls of Rozen- 

t Professor of Mechanical Engineering and of Nuclear 
zweig’s method has been pointed out [3]. 

Engineering In a second paper on the same subject, Cess [4] 
$ Graduate student in Mechanical Engineering. restricted his attention to low Prandtl number 
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moments : 

au du is% 
yj-$“(?v=“ay2 (2) 

energy : 

The boundary conditions for the velocity field 
are 
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fluids and, hence, argued that the velocity 
components in the energy equation could be 
approximated by their values in the outer 
regions of the velocity boundary layer. This 
contention of Cess was disputed by Riley [5] 
who showed that, for both the initial growth of 
the thermal layer and its eventual decay to the 
steady state, the velocity components near the 
wall should be used regardless of the Prandtf 
number of the fluid. However, the solution given 
by Riley for large times contains an unspecified 
constant and, thus, is incomplete. In this paper, 
a totalIy different approach is followed. The 
energy equation in the Laplace transform 
variable was further transformed to a suitable 
form for which a series solution, valid for all 
times, could be deduced. Results for wall flux 
variation were obtained for Prandtl numbers 
ranging from 0.01 to 100. The same technique 
was then applied to examine the case in which 
the wall heat flux underwent a step change. To 
the authors’ knowledge, solution for the latter 
problem has not been previously reported in 
the literature. 

ufx, 0) = E(X, 0) = 0; ufx, E?) = 1c,. (4) 

The initial condition for the temperature field is 

T(x, Y, 0) = T, + 7% yf 

and the boundary conditions are 

W, 0, t) = Taw f (r, - T,,) l(t); 

Tfx, m, t) = T, @a) 

for the case of a step change in surface tempera- 
ture and 

2. GOVERNING EQUATIONS 

The physical model and the coordinate system 
are illustrated in Fig. 1. The objective of the 

Ra. 1. Physical model and coordinate system. 
28 = %J-‘(rb UE z $+f) 

( > 
(7) 

* 
where q is the similarity variabIe defined by analysis is to ascertain the entire time-history 

of the heat-transfer process due to either a step 
change in plate surface temperature or heat 
flux. The flow is steady. The conservation equa- 
tions for the boundary-layer flow are well and f is the power series 
known. For constant properties, they are: 
continuity: _ _ 

(3) 

(5) 

for the case of a step change in surface flux. In 
(5), q designates the temperature field due to 
viscous dissipation prior to the disturbance and 
is given by Pohlhausen’s plate thermometer 
solution [6]. At the plate surface, it becomes the 
adiabatic wall temperature in excess of the free 
stream temperature, To, - T,. 

The solution of (1) and (2) satisfying (4) is well 
known and was first given by Blasius: 

(9) 
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with f(0) =f@)(O) = 0, f@)(O) = a, f’3’(O) = @‘(O) = 0, @(co) = 0. (1% 
~(4)(O) = 0,~(5~0) = - a$f’@(O) = ~(7)(O) = 0, 
f(*)(O) = 1 la3, etc. and a = 0.4696 as calculated 

Equation (14) with boundary conditions (15) 

by Hartree [7]. In (7) and others which follow, 
has been integrated by Pohlhausen who pre- 

the prime denotes differentiation with respect to 
sented the results in graphical form for Pr 

?. 
ranging from 0~6 to 15. 

3. SOLUTION METHOD AND RESULTS 
Dimensionless form of energy equation 

To facilitate analysis and discussion, we intro- 
(A) Step change in wall temperature 

duce the following dimensionless quantities 
We define the Laplace transform of 0 in the 

usual way, i.e. 

%X$ r=:------ (10) &r ; PI = 1 e-“e(q, ~1 dr w3 
x 

T -T, u”, 
and obtain from (12a) and (13a) 

6= 
T, - T,, - 2c,(T, - T,,) 

Q(V) tlla) 
8”fPrfB’=2Pr f’ 

for a step change in wall temperature and 
[ F+pR] (17) 

0 = ;[.$r - 2cpG2@(q) (lfb) with @I) = p-l, fqa) -- 0 (18) 

wherein the parametric dependence of 0 on 

for a step change in wall flux. It can be shown p is understood. To further transform (17) 

that, for the former, the energy equation into a form suitable for series solution, we 

transforms to introduce a new dependent variable 7 defined by 

2pr(l -f’r)g=e+PrfE 
a? atj2 atl VW 

Y = pBexp Pr? 
[ I 

(19 

with where 

f&%0) = 0; @O, r) = 1 b), @co, z) = 0 

U3al 
%I) = “sf dlt. 

0 

and, for the latter, it becomes It follows then 

2Pr(l -f’)!!!=E!+PrfaB 
’ aZ a+ aq 

- Prf’O Y -“-2Pr p+$+Ff’ 

(12t-Q 
( > 

- 

P=2Prf’pg 

(20) 
with with 

@ll, 0) = 0; 2(O,r) = -l(t), Y(0) = 1, P(m) = 0. (21) 

8(m, 7) = 0. (13b) 
We seek a series solution of the form 

In either case, G&J) satisfies the ordinary 
differential equation : 

p =: exp (_[2 Pr(p + n)].fltj 

W + PrfB’ = -2Pr(f”)’ (14) 
x Jo u,(rl) c2 WP + 4J-“‘2 (22) 

with which satisfies F(m) = 0 for (p + A) > 0 and 



and 



UNSTEADY HEAT TRANSFER 1315 

numerical results for Pr ranging from 0.6 to 15 
were first given in [6]. Meksyn [8] developed an 
asymptotic method of integration and showed 
that 

and the corresponding Nusselt number is 

Nu = (*, “_k,, k = Re-& -y;? (34) 

Accordingly, cc 

- 1 
-e:(o) = exp(-PrF)dq = 

1 

0.4790 Pr+ 

C(Pr) Nu Re- ) = Pr” exp (-“) + 1’ erf (27)) 
J(nr) 1 

(31) 

where 

C(Pr) = 1 + 2.222 x 1O-2 Pr-’ - 2.469 

x 10e3 Pr-* + 2.677 x 10m4 Pre3 

+ 2.473 x 10-4Pr-4 - 1.189 x 10d4 

Pr-’ +. . . (32) 

The numerical constant 0.4790 and others in 
(32) were recalculated by us. They differ slightly 
from those originally given by Meksyn. For 
moderate and large Pr, CPr is a slowly varying 
function as can be seen from Table I. Included 

m 

$2 c 4(O) r&/2) -- 
(21 Pry’* I(n/2) ’ 

(35) 

n=O 

(a) Solution usefulfor small time. For small lz, 
we use the following series expansion for 
exp (- x), erf x and I,.(n/2). 

exp(-x) = 
m (-1rx” c ____ 1 (36.1) 

n. 
n=O 

erfx = - 
:n 

m (_l)nx2n+l 

c (2n + I) n! (36.2) 
n=O 

Table 1. Values ofC(Pr), - 0: (0) and I 

Pr 0.01 0.01 0.12 1 10 100 
C(Pr) 1.389 1.156 lQ27 1 a20 1002 1000 
-s;(O) 7.430 x 1o-2 1.924 x 10-l 4.181 x 10-l 4.6% x 10-l 1030 2.223 
1. 6.312 2.189 1403 1.272 06070 0.2825 

in that table are values of -0:(O) calculated 
from (31). For Pr = 0.1 and 0.01, the series 
becomes semi-divergent and use was made of 
Euler’s procedure for the evaluation of the sum. 

With 0:(O) known, 1 can be determined from 
(28) for the corresponding Prandtl number. An 
iterative computer routine was used for this 
purpose and the results are as shown. We note 
that the series on the right-hand side of (28) is 
semi-divergent ; its sum was calculated by apply- 
ing Euler’s procedure. 

(A.2) Heat-transfer results 
The local heat flux at the plate surface is 

qw = -k(T, - T,) 2 -* @(O, r) 
( > 

(33) 

Upon substituting the foregoing into (35), com- 
bining terms and simplifying, we find 

Nu Rem-* =dFi - 16>2 z + 2J;z Pr-b -- ~ 

x (1 - TPr)r+ - 1961i8d2Pr-3 

x (77 - 809& + 2625Pr2)T4 + . . . . (37) 

It is interesting to note that 1 does not appear in 
(37). The first term represents the conduction 
transient as expected. If the numerical value of 
a (=0*4696) is inserted in (37), the result is 
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Nu Re- t = 0.5642 Pr-h z-) - 02075 

x lo-% - 0.518 x 1O-3 Pr-+ 
+(;- 1)(7r-2)$+...]. (39.2) 

x (6.63 Pr - 1) ;+ + 0.287 x IO-* Pr-3 

x (10.5 pr _ 1 _ 34.1 pr~)~* + . . (38) For any finite x and n, x”“-i e-“/Q/2) is 
always less than unity, it becomes zero when 

The first two terms agree with the corresponding x --f cc. 
terms of a series given by Riley [5]. The third Substituting (39.1) and (39.2) into (35) and 
term differs in the coefficient of Pr for which separating out the time independent terms, we 
Riley reported the value 4.9 instead of 6.63. find 

cc 

Nu Re-” N (2 Pr)” - -!- 
4(O) ~_ 

J2 c (2A Pry’2 
a=0 

+(a.e-“r(~r)-t 1 _2’+ 
2Jn ( 2lr . 

,_ 
> 

m 
e-“’ I u;(o) (hy - 1 
J2 c (2n Pry l-@/2) 

[I +(;- I);+(;- 1)(;-2)&+ 

n=O 

K(O) + d -~ 
= J2 

(40.1) 1 
(40.2) 

This minor discrepancy is not unexpected since 
Riley employed only two terms of the power 
series for the Blasius functionj The fourth term 
was not reported in [S]. With reference to his 
method of solution, Riley remarked : 

Further terms of the series may be obtained by retaining 
more terms of the series for f. _. , (but) at each stage the 
details become more tedious. 

Hence, not only have we succeeded in obtaining 
a solution valid for all times but also the arith- 
metic involved in our procedure is simpler even 
though more terms are retained in the Blasius 
series. 

(b) Solution usejiiIfir large time. For large Lr, 
we employ the following asymptotic series, 

e-X2 

erfx- 1 -- ( 1.3 

xJn 
l-&+----.. 

22x4 > 
(39.1) 

y/2 - 1 
e-x 

W2) 
[I+(;-,);’ ’ 

where A denotes the sum of all the terms in (40.1) 
containing e . -I’ It represents the deviation from 
the steady state. The series involved in A are 
asymptotic and should be used as such. The 
precise manner by which the wall flux ap- 
proaches the steady state during the final stage 
of decay seems quite complicated. 

For engineering applications, one is often 
concerned with the ratio of the instantaneous 
wall flux to its steady value. Thus, 

(41) 

wherein V(O, r) and e:(O) are respectively given 
by (27) and (31). Figure 2 displays graphically 
this ratio on log-log coordinates for Pr ranging 
from 0.01 to 100. The long time results for 
Pr = 001 should be used with some reservation 
since the boundary-layer approximation which 
is implicit in the governing energy equation may 
become poor. 
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FIG. 2. Wall heat flux response of a flat plate due to a step 
change in surface temperature. 

FIG. 3. Correlation of all data used in plotting Fig. 2. 

1317 

If one replots the wall flux ratio q,Jq,,_ 
against Pr-*[C(Pr)]-2 

close to unity when Pr equals or exceeds O-72. 
r, the data could, for all For such fluids, the response time of the thermal 

practical purposes, be brought to lie on a single layer due to a step change in plate temperature 
curve for the range of Pr investigated. This is increases monotonically with increasing Prandtl 
illustrated in Fig. 3. As noted earlier, C(Pr) is number in accordance with I+*. 
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Inasmuch as the energy equation is linear, the 
foregoing results can be readily generalized for 
any arbitrary but uniform surface temperature 
variation with time, T,(t) for t > 0. From the 
well known Duhamel’s theorem, the wall flux 
in this case may be conveniently expressed by 
the Stieltjes integral 

@(O, z - t*) dTw((t*) (42) 

where t* is a dummy variable of integration. 
Thus far, we have limited our consideration to 
the condition T,(O) = T,,. Further generaliza- 
tion to indude a constant temperature difference 

T, - T,, for t < 0 is obvious. 

(B) Step change in wallflux 
We now seek the solution of (12b) satisfying 

An appropriate series solution for P is 

P = exp { - [2 Pr (p + 41) ?> “fJo %(?I 

x p Pr (p + q-(n+1)!2 (45) 

in which (p + 1) > 0, u,(O) = 1 and u:(O) = 
u, + I(O) for n > 0. The subsequent aces o~e~~~~ 
is analogous to the case for which the wall 
temperature undergoes a step change. Thus, we 
shall merely present the results and supplement 
them with co~ents when desirable. 

In (45), the functions u, were found to satisfy 
the recurrence relationships (23) and (24) pro- 
vided that, in the latter, the last term is replaced 

by 

Also, 

-(n - 2) Prf’u, - 3. 

uo(O) = 4 u,(O) = 0, u2(0) = ;1 Pr, u&O) = ; a Pr, u,$(O) = 2 R2 Pr2, 

~ 

u,(O) = ; al Pr2, u,(O) = -~~a”Pr+~~‘Pr’+~:‘Pr3, 

’ (46) 

UT(O) = ;aa2 Pr3, u,(O) = - & a2A Pr2 + g a21 Pr3 + F A4 Pr4, 

77 871 3297 
r+(O) = m a3 Pr - 512 a3 Pr2 + 3E- a3 Pr3 + 4ak3 Pr4, etc. 

(13b). As in the previous case, the Laplace Since 
transform was first applied, followed by intro- 
ducing the dependent variable 7 defined by (I 9). 
It has been found that P satisfies 

@O) = P-r Y(o) = p- ’ “z. %(O) 

x [2 Pr Cp + IZ)]--(n+1)/2, 

with 

> 
P 

the dimensionless wall temperature iS given by 
% 

U”(O) - 

= 2 Prf ‘p$ 
6, = e(0, 2) = 

(43) z (2A Pr)(‘+ 1)/Z 
II=0 

l-&n + 1)/21 
x r.[(n + 1)/23 (47) 

F‘(O) = -I, T(cn) = 0. (44) As r -+ co, (47) becomes 
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m 

c The power series solution for 0, is 
e,,, = e,(o) = 

U”(0) 
(21 I+)(“+ I)/2 

(48) 

n=O &=b--r/+ 
c 

*eJ”‘o 

n! ‘” (51) 
from which 1 can be determined as shown in the 

n=2 

following section. 
where, 

b E 0 (0) and 0(2)(O) = 0 

0$“(O)‘= 0, 

9 g3)(0) = ab Pr, ep’(o) = -a Pr, 

e@)(O) = -u2bPr(l + 2Pr) s s 3 e:')(O) = a2 Pr (4 + 5 Pr), 

e@)(o) = 0 S 9 ecg)(0) = u3b Pr (11 + 28 Pr’) s , etc. 

The unknown parameter b has yet to be determined. To this end, we formally integrate (49), 
regarding it as a nonhomogeneous equation in fI:, to obtain 

0: = - exp ( - Pr F) + Pr exp ( - Pr F) /fV, exp (Pr F) dq 
0 

(52) 

where F = /fdq. This operation is motivated from the physical consideration that 0: is a rapidly 

changing fuiction with q in the boundary layer. A second integration from q = 0 to q = cc yields 

-b = - $exp(-PrF)dq + Pr$exp(-PrF)drtbf’8,exp(PrF)dq. (53) 

We recognize that the first integral in (53) equals C(Pr)/0*4790 Pr*. To evaluate the double integral, 

we first transform the variable of integration from q to the Meksyn variable F( = Tfdp) using 

the series inversion techniques, followed by expanding the exponential in the inier integral, 
integrating and evaluating the outer integral in gamma functions. The result is 

-b= - Wr) 
0.4790 Pr + 

.[b-;($)+s+O+;b+&(&75)($r!$ 

l7 - - 
5Pr 

(54) 

(B. 1) Steady-state solution and evaluation of 1 For an assigned value of Pr, the corresponding 

An inspection of (12b) and (13b) shows that b can be determined from (54). However, the 

the steady-state temperature field e,(q) satisfies series in (54) is, in general, semi-divergent; 

e: + Prf& = Prf’0, (49) 
Euler’s transformation was first applied fol- 
lowed by a determination of the sum according 

with 
to Shanks [9]. This was done since the resulting 
series after the Euler’s transformation was slowly 

e:(o) = 4, e,(m) = 0. (50) convergent. Such procedure has been found to 
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Table 2. Values of h and i 

Pr 0.01 0.1 0.72 1 10 100 

;c= UO)l 6.876 4.735 3,556 1.909 1,720 1,132 1.536 1.022 0.4815 0.7071 0.3277 0.2241 
~- 

Table 3. Comparison ofresults for e,(O) 

Pr 0.7 1 ,o 2.0 10 20 100 
from (54) 1,737 1.536 1.212 0.7071 0.5606 03277 
Levy [lo] 1.758 1.233 0.7262 0.5811 
Sparrow and Lin [l l] 1,742 1.541 0.7086 03286 

be particularly useful when only a limited 
number of terms is available. For the smallest 
PY (0.01) considered, the resulting series of the 
sums did not converge ; Shanks’ e2 transforma- 
tion was applied at the outset as the original 
series contained zeros. Having evaluated the b’s, 
the corresponding I’s were calculated from (48) 
in a manner identical to that used in case (A). 
The numerical values of b and I so determined 
are summarized in Table 2. 

Levy [lo] reported results of a numerical 
computation for wall temperature gradients in 
laminar boundary layers in wedge flow with 
power law wall temperature distribution and 
for PY ranging from 0.70 to 20. Information on 
wall temperature of a flat plate with uniform 
heat flux can be readily deduced from his data. 
Sparrow and Lin [l l] conducted an analysis 
of wall temperature variation for flow over a 
Rat plate with power law heat flux distribution, 
including the uniform wall flux as a special 
case. Prandtl numbers of 0.7, 1, 10 and 100 were 
considered. Like [lo], straight numerical com- 

putation was used in [ 111. Table 3 compares the 
results of our calculation with those evaluated 
from [lo] and [ 111. It is seen that the agreement 
is very good, particularly with the data of 
Sparrow and Lin. 

The result of prime interest here is the wall 
temperature response subsequent to the step 
change of wall flux. It is given by (47) and is 
valid for all times. As in case (A), expressions 
useful for small and large times can be readily 
deduced. They are listed below. 

(a) Solution useful for small time. 

PY-f,h +aPy-v 
64 

, 

- 840;(2rr) 
r+ 

+ 1 96;3080 PY-~ (77 - 871 PY 

+ 3297 Pr2) 25 + (55) 

which, upon inserting the numerical value of 
a (= O-4696), becomes 

0(0, r) = 0.7979 PY+ 7) f 0.7338 x 1O-2 PY-’ z2 - 0.1047 x 1O-3 PY-“(1 - 8.375 PY)+ 

+ 0405 x lO-5 PY-~(~ - 11.3 PY + 42.8 PY’)T~ + _. (56) 

Again, we note that I does not appear in (55) or (56). The authors are not aware of any prior 
published analysis for the problem and, thus, no comparison can be made. 

(b) Asymptotic series useful for large times. 
co 

O(O,z) = e,(O) - emar c U”(O) 

n=O 

w(n-1)‘2 [1 +(“;1);+(“;l) 
(21 PY)(“+1)‘2 1-[(n + 1)/2] 

x (q&i, . ..I (57) 
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The results in this section are displayed against Pr- * z, the data could be brought to lie 
graphically in Fig. 4 by plotting the wall tem- on a single curve for Pr ranging from O-72 to 
perature ratio &J,, ,[ = by0, z)/&(O)] vs. the 100. This is illustrated in Fig. 5. Hence, for 
dimensionless time ‘c for Pr ranging from 0.01 fluids with Prandtl number falling in the said 
to 100. If one replots the wall temperature ratios range, the response time of the thermal layer 

FIG. 4. Wall temperature response of a flat plate due to a 
step change in surface heat flux. 

10-I I IO 

p,-‘” T 

FIG. 5. Correlation of data used in plotting Fig. 4 for 
Pr = 072,1,10 and 100. 



1322 B. T. CHAO and L. S. CHEEMA 

due to a step change in wall flux again varies 
directly as hf. 

4. coMPREs!msLE FLOW 

It is well known that for compressible flows, 
the momentum and the energy equation are 
coupled. A disturbance in the temperature field 
would induce a disturbance in the velocity field 
even though u, is kept constant. However, 
under certain restrictive conditions, the incom- 
pressible results obtained in the previous section 
can be directly used to describe the thermal 
response of compressible flows over a flat plate. 
In the latter case, the governing conservation 
equations are : 

continuity : 

g+-&(pu)+d(pv)=O ay 
momentum : 

energy : 

( 

aT 

‘pp at 
_+,g+,c =a 

> ay ay 

(58) 

(59) 

(60) 

There will be an initial velocity and temperature 
field in the fluid corresponding to those of an 
adiabatic plate. The precise prescription of such 
fields would, in general, depend on the equation 
of state of the gas and the manner by which its 
viscosity, conductivity and specific heat vary 
with temperature. 

In what follows, we consider only an ideal 
gas of constant Prandtl number with viscosity 
varying linearly with temperature according to : 

(61) 

wherein A is a constant. This relation was first 
proposed by Chapman and Rubesin [12] and 

found to be reasonably accurate for common 
gases within moderate temperature ranges. Fol- 
lowing Moore [13], we introduce a stream 
function I,& y, t) defined by 

and a coordinate transformation 

(62) 

) 

Z = 

s 
$dy. (63) 

m 
0 

It has been found that the momentum equation 
then becomes identical to that for the corres- 
ponding incompressible flow of a fluid with 
kinematic viscosity Av,. Hence, the thermal 
effects on property variations are removed in 
the transformed x, Z space. Accordingly, upon 
introducing the similarity parameter q, re- 
defined as 

and a functionf(q) such that 

1,4 = (2Av,u,x)*J (65) 

we may readily demonstrate that f is precisely 
the Blasius function and is given by (9). 

In the transformed x, Z space, the energy 
equation takes the form : 

aT a* aT a*aT 

at+azax-axEi 

(66) 

which is recognized to be the same as that for 
an incompressible fluid of thermal diffusivity 
AK,. If we define a dimensionless time z accord- 
ing to (10) and dimensionless temperatures 0 
according to (I la) for the case of step change in 
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wall temperature and While the present analytical procedure pro- 

e=*-* 

vides a relatively simple and rapid means of 
qV) (67) calculating the instantaneous surface heat flux 

and temperature characteristics, it does not 
lend itself conveniently to the determination of 
the transient temperature field although, in 

for the case of step wall flux change, we find principle, this can be done. A knowledge of such 
that G(q) satisfies (14, 15) and 8 satisfies (12a, fields is useful in certain applications. 
13a) and (12b, 13b) respectively for the two 
cases. Hence, for the former, all expressions for 
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R&nm&On ttudie la r6ponse thermique d’une couche limite incompressible et lammaire sur une plaque 
plane semi-intinie due a une variation en echelon soit en temperature par&de, soit en flux pa&al. Une 
nouvelle mtthode analytique pourtrouver des solutions et valable pour tous les instants est p&e&e. 
Les r&hats pour les transitoires de flux parietal ou de temperature parietale sont prtsentb graphiquement 
pour des nombres de Prandtl variant de 0,Ol ii 100. On montre que, dans une gamme restreinte de nombres 
de Prandtl (472 a lOO), le temps necessaire pour que la couche thermique devienne stationnaire varie 
comme I’inverse de la vitesse de l’ecoulement libre et comme la puissance f du nombre de Prandtl. 

Pour un gaz id&al dont le nombre de Prandtl est constant et avec une relation line&e viscosit&temptra- 
ture du type Chapman-Rubesin, les rbultats incompressibles dans les deux cas peuvent &re directement 

appliquees lorsque les propriettb de fluide sont interprtttes convenablement. 

Zusammenfaswng-Es wird das thermische Verhalten einer inkompressiblen, laminaren Grenzschicht 
untersucht an einer halbunendlichen ebenen Wand infolge einer stufenweisen Anderung entweder der 
Wandtemperatur oder des Warmeflusses durch die Wand. Eine neue analytische Methode zur Auffmdung 
von Losungen fiir den ganzen Zeitraum wird angegeben. Ergebnisse ftir den Warmestrom- oder Wand- 
temperaturverlauf sind graphisch fti Prandtl Zahlen von 0,Ol bis 100 dargestellt. Es wird gezeigt, dass 
fiir einen beschrlnkten Bereich von Prandtl-Zahlen (0,72 his 100) die zum Aufbau einer stationlren 
thermischen Grenzschicht erforderliche &it sich umgekehrt mit der Freistromgeschwindigkeit und direkt 
mit der f Potenz der Prandtl-Zahl Indert. 

Ftir em ideales Gas konstanter Prandtl-Zahl mit linearem Zahigkeits-Temperaturverhalten nach der 
Chapman-Rubesin-Art kiinnen die Ergebnisse fiir inkompressibles Verhalten fiir beide Fllle bei richtiger 

Auslegung der Stoffwerte direkt angewendet werden 


