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ABSTRACT

The -study of pulsting flow, is of special interest in industrial
applications, such as chemical processes and heat exchangers. In spite of
its considerable importance, limited researches about the pulsed flow in

heat exchangers. could be found .

Some investigators stressed their work on the results they had
found from the experimental tests, These results show that there is some
improvement in the heat transfer when pulsed flow is being applied.
However they did not satisfy a suitable correlation to these results, due to
the difficulty of finding an accurate relation having all the variations of

the parameters affecting the heat transfer enhancement .

In the present work, experiments are carried out, covering a wide
range of Revnolds number and the frequency of pulsation 10 invesigate
their effects on the enhancement of the heat transfer coefficient, In these
experiments Revnolds number ranges from 10" 10 8 X 10* while the
pulsating frequency ranges from 0.5 Hz to 8 Hz. As for the inlet hot
water rmperature, only two values are investigated, namely 50°C and

60°C for either the paralle] or the counter flow heat exchangers .

From the test results it was found that, pulsating flow heat

exchangers show an improvement in the overall hear transfer coefficient .
In general the enhancement of heat transfer in case of couner
flow, using pulsed flow. is much higher than of the corresponding

parallel flow heat exchanger. also the results show that, making the inner

hot flow in pulsating mode produces hj gher improvement in heat transfer

11
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coefficient than making the cold fluid in pulsating mode. As for the
variation of the inlet hot watar temperature, the results indicate that the
absolute values of the maximum enhancement increases as the hot fluid
temperatures is reduced and this maximum occurs at lower values of
frequency and this improvement depends on the applied frequency of

pulsation .

The effectiveness of the heat exchanger gets better if the pulsating
flow is used rather than the steady state flow, and a pulsating flow of
1.5 Hz in counter flow results in the best effectiveness. However, in
parallel flow, all frequencies show also improvement of the effectiveness
over the steady flow operation, and this improvement is dependant on the

applied frequency .

The improvement obtained in the absolute valuse of the
enhancement, when both the hot and cold streams are in pulsation, is
found to be negligible, compared to the enhancement found by making

only the inner stream in pulsating mode .

Finally, correlating formulae are obtained to relate the changes in
the enhancemem with the Reynolds number, Prandtl number and the

applied frequency of pulsation .

I
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NOMENCILATURE :

A
Cp
E
F

.
m

. drea

: specific heat at constant pressure
: enhancement

: frequency (Hz)

: mass flow rate

NTU : number of transfer unit

Nu

Q

Re

Pr

AT

AE

‘7

: Nusselt number

: heat transfer rate
: Reynolds number
: Prandtl number

: temperature

: overall heat transfer coefficient
: temperature difference

: increment of enhancement

: Heat exchanger's length
: volume flow rate

: the ratio between oscillating velocity and mean

velocity of flow

: tube diameter

v
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Fu : function

C : coefficient

h : convective heat transfer coefficient.

t : The time of the complete cycle.
Cc : heat capacity of cold air .

k : thermal conductivity

€ ° : effectiveness

Uy, : mean velocity of flow

w : dynamic viscosity

p :density

Subscript :

¢ :cold fluid

i :inner

0 :out

p :pulsating mode

ex :experimental
w  wall

L :low

[W/K]
[W/m.K]
[]

(ms]
[N.s/m’]

[kg/m’]

h : hot fluid or high
In : logarithmic mean
max : maximum

m : mean
S : steady state mode

cal : calculated
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