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Abstract
This paper presents results of an experimental investigation of heat transfer in rectangular duct with repeated ribs in W-
continuous pattern. The ribs in W-pattern have been tested for both pointing upstream (W-up) and downstream (W-
down) to the flow. The duct has width to height ratio of 8, relative roughness pitch of 10, relative roughness height of
0.03375, angle of attack of ribs in W-pattern is 45° and Reynolds number ranges from 2300-14000. Roughened wall of
the duct is uniformly heated while the remaining three walls are insulated. These conditions correspond closely to
those found in solar air heaters. The heat transfer results have been compared with those for smooth ducts under
similar flow and thermal boundary condition. Enhancement of heat transfer by providing W-shape roughness is 2.39

times to that of smooth plate for W-down ribs and 2.21 times to that of smooth plate for W-up ribs respectively.
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Introduction

Solar air heaters have low efficiency due to low
convective heat transfer coefficient between the air and
absorber plate that leads to higher temperature of the
absorber plate leading to maximum thermal losses to
environment (Prasad et a/., 1983). Atrtificial roughness on
the airflow side of the absorber plate has been employed
in various ways to improve the thermal efficiency of solar
air heaters (Prasad ef al, 1988; Karwa et al, 1999;
Muluwork et al., 2000; Bhagoria et al., 2002; Momin et al.,
2002; Karwa et al, 2003). Studies carried out for gas
turbine cooling channels (Han et a/, 1978; Lau et al,
1991; Han et al, 1992; Taslim et a/, 1996) have shown
that ribs oriented at 45° to 60° inclination to the flow
perform better than transverse ribs. The present
investigation is taken up with the objective of
experimentation on 45° W-shaped ribs as artificial
roughness glued by epoxy resin to the underside of one
broad wall of the duct to collect data on heat transfer and
fluid flow characteristics. The data will be presented in the
form of Stanton number plot to bring out clearly the effect
of parameters and enhancement in heat transfer
achieved as a result of providing artificial roughness. The
ribs have been tested both pointing upstream (W-up) and
downstream (W-down) to the flow.

Details of experimental set-up
The experimental set up is an
indoor open flow loop that

(2.5 YWH) and 354 mm (5 YWH) respectively (ASHRAE,
1977). The test section carries the roughened absorber
plate at the top. The exit section of 354 mm length is used
after the test section in order to reduce the end effect
in the test section. In the exit section after 130 mm three
equally spaced baffles are provided in 87 mm length for
the purpose of mixing the hot air coming out of solar
air duct to obtain a uniform temperature of air at the
outlet. The outside of the entire set-up, from the inlet to the
orifice plate is insulated with 25 mm thick thermocol. The
heated plate is 1 mm thick G.I. sheet having W-shaped ribs
glued on its rear side by epoxy resin and this forms the top
broad wall of the duct. The mass flow rate of air is
measured by means of a orifice meter connected with an
inclined manometer and the flow is controlled by the control
valves provided in the lines. Calibrated copper-
constantan thermocouples were used to measure the air
and the heated plate temperatures at different locations. A
digital micro-voltmeter is used to indicate the output of the
thermocouples. The optimum value of p/e is reported to be
10 (Han et al, 1978; Momin et al, 2002). For the
rectangular ducts researchers (Lau et al, 1991; Han et al,
1992; Momin et al, 2002) have reported an optimum rib
angle of 45° to 60°. The schematic of the experimental set
up is shown in Fig. 1, Fig. 2a and b show details of

Fig. 1. Schematic diagram of experimental setup.

consists of a test duct with
entrance and exit sections, a
blower, control valve, orifice plate
and various devices for

roughened plate.
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measurement of temperature and
fluid head. The test section is of
length 1500 mm (33.75 Dy). The
entry and exit lengths are 177 mm
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1.Inlet section
2.Test section
3.Mixing section

4 Exitsection
5.Transition section

8.Orificemeter
9. Control valve
10.Blower

! 1

6.G.l. pipe

7.Inclined manometer
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Fig. 2a. W-down rib orientation.
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Results

Validity test: Friction factor and Nusselt
number determined from the experimental data
on a smooth duct were compared with those
obtained from the modified Blasius eqn. (1) for
friction factor and modified Dittus - Boelter
(Sadik et al, 1987) eqn. (2) for Nusselt number.

200

Modlified Blasius equation

e

Experimental procedure

Before starting all components of setup, the
instruments have been checked for proper operation. The
blower is then switched on and joints have been checked
for leakage. Flow control valve is adjusted to give a
predetermined rate of airflow to the test section after
switching on the blower. Under steady state conditions the
test runs to collect relevant heat transfer data were
conducted. For each rib configuration 7 runs have been
conducted at air-flow rates corresponding to the flow
Reynolds numbers between 2300 and 14000. After each
change of flow rate, the system was allowed to attain
steady state before the data were recorded. Table 1 gives
range of parameters for investigation. The following
parameters were measured during the experiments:1.
Pressure drop across the orifice plate, 2. Inlet air
temperature of collectors, 3. Outlet air temperature of
collectors, 4. Temperature of plate.

Fig. 3. Comparision of experimental & predicted values
of Nusselt number for smooth duct
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f =0.085Re"” 1)
Modified Dittus-Boelter equation
Nu, = 0.023x RexPr’x (2R /D)™ (2)

where 2R_ /D, = (1.156+H /W —1) /(H /W)

for rectangular channel

where f; is friction factor for smooth duct, Re is Reynolds
number, Nug is Nusselt number for smooth duct, P, is
Prandtl number, H is duct height (m) and W is duct width
(m). Comparison of experimental and predicted values of
Nusselt number and friction factor is shown in Fig. 3 and
Fig. 4 respectively. It is seen that the smooth plate data
for Friction factor and Nusselt humber agree reasonably
well with the values predicted by egn. (1) and egn. (2)
respectively. As the experimental values for both the
friction factor and Nusselt number are in reasonably good
agreement with predicted values the validity of the
experimental results is ensured.

The variation of Stanton number with Reynolds
number for W-down and W-up ribs is shown in Fig. 5. It
reveals that W- down ribs have higher Stanton number
ratio than W-up ribs for the entire range of Reynolds
number studied indicating clearly the effect of orientation
of ribs. Thus, 45° W-down ribs have better performance
than 45° up ribs in the range of parameters investigated.
The results are in broad agreement with previous
investigations on V-shaped ribs (Karwa, 2003).

Conclusion

On the basis of this investigation on heat transfer
characteristics in solar air duct having ribs on absorber
plate, following conclusions have been drawn:
Roughened solar air heaters perform better as compared
to smooth heaters. Solar air heater having W-shaped ribs
pointing downstream have better performance than W-
shaped ribs pointing upstream to the flow. The maximum
enhancement in Stanton number is 2.39 for W-down and
2.21 for W-up ribs respectively over smooth plate.
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Table 1. Range of parameters for investigation

Parameter Values 1.
Reynolds number 2300-14000

Relative roughness height (€/Dy) 0.03375

Relative roughness pitch (p/e) 70

Rib angle of attack (a) 45° 2
Thickness of plate 7 mm

Channel aspect ratio (W/H) 8

Test length 1500 mm

Hydraulic diameter 44.44 mm

Friction Factor

Stanton Number Ratio, St/StS
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Fig. 4. Comparision of experimental & predicted
values of friction factor for smooth duct
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Fig. 5. Stanton number ratio versus Reynolds
number for W-down & W-up ribs
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