
STRUCTURE OF TEMPERATURE FIELD ON A WALL EV TURBULENT FLOW
(STATISTICS OF THERMAL STREAKS, HEAT TRANSFER)

G. Hetsroni, A. Mosyak, R. Rozenblit* and L.P. Yarin

Department of Mechanical Engineering
Technion - Israel Institute of Technology, Haifa, Israel

*Conference Lecturer

IL0006688

Abstract
The present work deals with an experimental

study of a temperature field on the wall in turbulent
flow. The measurements of the local, instantaneous
and average temperature of the wall were carried out
by the hot-foil infrared technique. The detailed data
on the average and fluctuation temperature
distributions are presented. It is shown that
temperature fluctuations, as normalized by the
difference between the temperatures of the
undisturbed fluid and the wall, do not change.

Introduction
Heat transfer in turbulent flows over smooth walls

have attracted attention of a number of investigators
for the last decades. The results of numerous
researches devoted to this problem are presented in a
number of publications dealing with the effect of ribs,
coarse particles etc. on convective heat transfer in
turbulent flows (Han [1], Han et al. [2], Hirota et al.
[3], Hetsroni et al. [4]). These works contain, mainly,
the data related to the mean characteristics of the
flow. This does not allow one to estimate the specific
features of heat transfer in the immediate
neighbourhood of the wall. For better understanding
of the real mechanism of heat transfer from smooth
and rough walls to a fluid, of great importance is the
study of temperature fields on the walls. The aim of
the present study is to investigate instantaneous and
average temperature fields on the heated surfaces of
smooth and rough walls in developed turbulent
channel and pipe flows, as well as the effect of
macroscale roughness on the heat transfer intensity.

Experimental Facility
To study the temperature fields on the smooth and

rough walls in the range of Reynolds numbers from
Re = 5,500 to 68,.500, two experimental loops were
used (Re is based on flow depth or on inner pipe
diameter for channel or pipe flow, respectively). The
open channel is described by Hetsroni and Rozenblit
[5], therefore we present here only the pipe loop. It

includes a 4.9-10'2 m inner diameter plastic tube,
section for the temperature measurement, a pump and
flowmeter. The constantan heater was made of 50 um
thick foil.

The heated test section is shown in figure l.Two
types of macro-scale roughness were used to disturb
the flow:

windows pipe

Fig. 1: Test section

a single cylinder d = 4-10~3m placed on the wall in
the spanwise direction and lattices of spheroidal
particles. Their parameters are given in Table 1.

Roughness
type

cylinder
lattices:

Ml
N2
N3

Diameter
d, mm

4.0

5.0
3.9
2.7

Streamwise
pitch

Pst, mm

35
15
11

Spanwise
pitch

Psp, mm

8
7
6

Table 1: Roughness type

The information on the temperature
obtained by using an infrared technique.

field was

Results
Thermal pattern on the wall

The structures of temperature fields over the
smooth wall and wall with roughness in the form of
spherical particles are shown in figures 2a - 2c.
Figure 2a shows the temperature field on the wall
without the lattice. We can see typical instantaneous
thermal streaks over the wall. Figure 2b shows the
infrared image created by lattice No. 1 (Table 1)
inserted in the pipe. The image in figure 2b is darker
than the previous one. It means that the wall
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temperature is lower, thus the heat transfer coefficient
is higher.

Dependence of sT on x/H in the channel flow
over the smooth wall is plotted in figure 4, where x is

20 °C 25 °C

Fig. 2: Structures of thermal fields

The image in figure 2c is the darkest, in this case the
lattice No. 3 is mounted. There are only small
"islands" of the high temperature since the flow is
completely disturbed by the lattice. The
measurements show that the increase of Reynolds
number leads to significant decrease of wall
temperature.

Distribution of temperature fluctuations
The study was performed in a channel flow. We

use RMS(T) of the spanwise temperature
distribution as a measure of average temperature
heterogeneity in the given cross section, to study the
behaviour of the temperature field on the smooth
wall vs. time. The dependence of the RMS(T) vs tav

is shown in figure 3, where tav is the time of
averaging. These data show that the level of
heterogeneity of the temperature field decreases with
increasing the averaging time. This effect is
connected to the migration of thermal streaks in the
spanwise direction and leads to smoothing of average
temperature field at large time averaging intervals. It
shows that the probability of thermal streaks, within
any regions of the wall, is the same. Hereafter we
study the behaviour of temperature fluctuations
averaged during time interval tav = 300s. We
estimated the intensity of temperature fluctuations as
sT = RMS(T)/Tw, where Tw is time averaging wall
temperature, K, at a given point.

Fig. 3: The level of heterogeneity vs time of
averaging

Fig. 4: Dependence the level of temperature
fluctuations in the streamwise direction (open

channel)

the distance from the heater edge, H is the flow
depth. It can be seen that at values of x/H > 1.5 ST
does not change in the streamwise direction.

It is consistent with fact that the intensity of
streamwise velocity fluctuations su does not change
downstream in the developed turbulent channel flow
(eu = u'/U, where u' and U are RMS of velocity
fluctuations and mean flow velocity respectively). It
should be noted that the value of BJ depends on the
heat transfer coefficient a. This phenomenon was
studied both theoretically and experimentally.

For the simplest type of flow disturbances
(harmonic fluctuations of velocity) Hetsroni et al. [5]
showed that:

sr <x>suqTf I a

where q is the heat flux; Tf is the mean fluid
temperature, K. This equation shows that &,. is
proportional to the heat flux and inversely
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proportional to the heat transfer coefficient a. The
experimental examination of this correlation was
carried out in the pipe flow.

3 4 5 6 7 9 10 11 12 13 1'

q-b.t'C

Fig. 5: Dependence of the temperature fluctuations
level on the heat flux and heat transfer coefficient

The result for the smooth wall is plotted in figure 5

as the dependence of sT on q/a at various q and Re

numbers.
The disturbance of flow by macro-scale body

leads to significant change of temperature
fluctuations near the disturbing body. However, the
level of temperature fluctuations approaches the level
over the smooth wall at the large distance from
roughness.

Heat transfer coefficient
The effect of macro-scale roughness on heat

transfer in a pipe flow is illustrated in figure 6. It is
seen that macro-scale roughness in the form of
spherical particles leads to the noticeable
enhancement of heat transfer coefficient. This effect
depends on parameters of lattice and can obtain
200-300% as compared with undisturbed flow.

Conclusions
The temperature distributions of the smooth and

rough walls in the developed turbulent flow, in an
open channel and a pipe, were studied by using
infrared thermography. It is shown that the
instantaneous temperature fields on the heated walls
possess a clearly expressed streaky structure, whereas
the average temperature fields are practically
uniform. The measurements show that the intensity

of the temperature fluctuations on the surface of
the smooth wall is directly proportional to the heat
flux on the wall and inversely proportional to the heat
transfer coefficient. Existence of the macro-scale
roughness on the wall (a single cylinder, lattice of
spherical particles) leads to the destruction of the
thermal streaks structure.
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Fig. 6: Dependence Nu number vs Re number (pipe)

This process is accompanied by a sharp
transformation of average and fluctuations
temperature fields and increasing of the heat transfer
coefficient by 200-300%.

Acknolwegements: This research was supported by
a grant from the Ministry of Science, by the Technion
VPR Fund; A. Mosyak and R. Rozenblit are partially
supported by the Center for Absorption in Science,
Ministry of Immigrants Absorption, State of Israel,
L.P. Yarin is supported by the Israel Council for
Higher Education.

References
[1] Han, J.C., ASME Journal of Heat Transfer, 104,
774-781,(1984).
[2] Han, J.C.Ou, S., Park, J.S. and Lei, C.K., ASME
Journal of Engineering for Gas Turbines and Power,
107, 628-635, (1985).
[3] Hirota, M., Fujita, H. and Yokosawa, Y., ASME
Journal of Heat Transfer, 116, 332-340, (1994).
[4] Hetsroni, G., Rozenblit, R. and Yarin, L.P., Int. J.
Heat Mass Transfer, 9, 2201-2217, (1997).
[5] Hetsroni, G., Rozenblit, R. and Yarin, L.P., Meas.
Sc. and Tech, 7, 1418-1427, (1996).

373


