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ABSTRACT: This article presents an experimental work to investigate the behavior of heat transfer and coefficient
of heat transfer at the entrance of a duct having an equilateral triangle section. The duct was subjected to constant
heat flux applied through a single side on which different arrangements of ribs were placed. These ribs were placed
to act as vortex generators on the heated side while other sides are smooth and thermally insulated. Eight models
were used in this work according to the number of ribs, location, and arrangement of ribs. Each rib was placed in
the bottom wall of the test section but its distance from the leading edge was varied. The flow was laminar and
different Reynolds numbers were selected in this study. Reynolds numbers that were considered in this work were
in the range of 125-2000. It was found that the pressure drop and heat transfer rate were greatly affected by adding
ribs to the channel compared to the smooth channel. The investigation showed that higher friction loss and heat
transfer were achieved in in-line ribs compared to the staggered ribs at the same operating conditions. A significant
increase in friction factor and Nusselt number were obtained when the ribs added to the duct. A greater thermal
performance was obtained in the V-shape ribs arrangement. The coefficients of heat transfer conducted from the
experimental work were correlated with the friction factor and Nusselt number in terms of Reynolds number and
the resulting empirical correlation for all considered ribs arrangement inside the duct. These correlations of the
present stud give a clear reason for the effect of ribs location and arrangement on the rate of fluid heat exchange
and pressure drop with functional fluid velocity.
KEYWORDS: Entrance Laminar Flow, Noncircular Ducts, Heat Transfer Enhancement.
INTRODUCTION
Since the last decade, many research articles have been published in the field of fluid flow and heat transfer
problems across ducts with a non-circular cross-sectional area. These studies are produced as the results of wide
applications of non-circular duct in laser curtain seals, solar collectors, compact heat exchangers, and cooling of
electrical devices. Previous studies showed that reducing the thermal resistance of the sub-layer near the wall can
lead to an increase in the coefficient of heat transfer [1]. This can be attributed to the domination of the viscosity
of the sub-layer. For engineering applications, many efforts have been devoted to increase the thermal
performance of thermal systems, since developing new ways of heat transfer improvement is essential to enhance
the typical heat exchangers. One of these techniques is used to enhance surfaces although undesirable pressure
drop exists on these surfaces. The impact of enhanced surfaces is produced as a result of flow mixing between the
thermal boundary layer zone and solid boundaries which increases the surface area of the heat transfer [2].
Several papers dealt with the heat transfer problem in roughed ducts. Alfarawi et al. have done experimental work
on a duct having hybrid ribs to study the characteristics of heat transfer [3]. They obtained that the ratio of Nusselt
numbers (Nu/Nus) lied in the range of 1.3 to 2.14. They also attained that ratio of friction coefficients (f/fs) was
found to be 1.8 and 4.2. Experimental work on a rectangular rough duct with z-shaped ribs was carried out by
Monsak Pimsarn and his co-worker [4]. These ribs were set at angles of 30º, 45º, and 60º concerning the direction
of the airflow. R. Tauscher and F. Mayinger have performed a numerical and experimental analysis on a rough
flat plate subjected to forced convection heat transfer [5]. Ribs were added to the plate. The considered Reynolds
number lied in the range of 500-1000. Many factors have been taken into account during the analysis. These factors
include the shape and size of ribs, the distance between the ribs and their arrangement, height, and width of the
duct, and attack angle. It was reported that better performance was achieved when the rib-pitch to height is equal
to 10. Also, adding grooves to the ribs spacing led to improve the performance. Smith Eiamsa-ard has done an
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investigated study on a rectangular duct with ribs subjected to turbulent forced heat transfer [6]. The study aims to
show the ribs grooves on the heat transfer. It was concluded that the greatest friction factor, thermal enhancement
index, and rate of heat transfer were achieved when the ribs having a rectangular cross-section and triangular
arrangement of the groove.
Alam et al. have examined the heat transfer improvement on a duct having v-shaped ribs [7]. They noticed an
improvement in Nusselt number by 33% compared to solid blockage. Zhou and Feng have performed analysis on
a plate with different rib configurations to explore the improvement in heat transfer [8]. Trapezoidal, delta, and
rectangular rib shapes were considered in the study. It was revealed that ribs without punch hole have lower
thermal-hydraulic performance than punch hole-ribs. Liou et al. have performed a numerical and experimental
analysis on channel rib subjected to periodic fully developed flow [9]. The channel ribs were added to one surface.
A turbulent heat transfer was considered in the analysis. The temperature profiles were generated using real-time
holographic interferometry. Aliaga et al. have done a heat transfer experiment on two ribbed. The ratio of
roughness to height ratio was 0.052 and 0.093 [10]. The constant heat flux was supplied to the plate using the
technique of infrared thermography. They came up with conclusions (i) a separation –reattachment flow pattern
occurred when the pitch ratio was equal to 12 (ii) trapped vortex flow pattern between ribs happened at a pitch
ratio of 5, and (iii) the average coefficient of heat transfer was noticed to be reducing its value outwards the leading
edge and it was almost constant downstream. Acharya et al. have carried out an experiment to investigate the
pressure loss and heat transfer of duct having a pitch rib to a height ratio of 20. 3400 and 24000 of Reynolds
numbers were selected [11]. Two maximum Nusselt numbers were conducted in their work.
These maximum numbers occurred at each inter-rib module. The highest value of the Nusselt number was found
at reattachment downstream of the rib and the lower value happened at the upstream corner of the rib due to the
modest counter-rotating eddy. An experimental work of forced convection heat transfer on a duct roughen with
ribs have done [12]. The pitch to the height ratio of 16 was chosen. Reynolds number was selected to lie in the
range of 46000 – 52000. They reported that (i) a 1.81% increase in the mean temperature of flow for the ribbed
duct compared to the not ribbed duct, (ii) a 6.24 increase in the Nusselt number for the ribbed duct compared to
the not ribbed one, and (iii) a 3.32 % increase in the pressure drop for the ribbed duct compared to the not ribbed
one. An experimental investigation has been performed by Layek and his co-author on a rectangular duct with
ribs. A turbulent heat transfer was considered [13]. The wall of the duct was designed to have chamfered rib and
roughened grooves. They concluded that (i) a 3.24 increase in the Nusselt number for the ribbed duct compared to
the not ribbed duct and (ii) the friction factor for the ribbed duct increased by 3.78 compared to the not ribbed
duct. They came up with a chamfer angle and roughened pith to achieve the greatest improvement in heat transfer.
Chang et al. have used a ribbed rectangular duct to study the enhancement in the heat transfer [14]. The duct was
roughened using a deepened scale and V-ribs.
The Reynolds number was selected to be in the range 1000-30000. The influence of the backward and forward
flow on the heat transfer was investigated. For the turbulent flow, it was revealed that the great enhancement in
the Nusselt number was achieved for the forward flow. The enhancement was found to be 6.8 when the factor of
the friction was 27. Kumar and co-author. A group researchers have performed an experiment on solar heater
roughened by W shapes of ribs [15]. Their work aims to investigate the enhancement in heat transfer and the
performance of the pressure loss. Reynolds number was selected to be in the range of 3000 to 15000. An attack
angle of 60o was noticed to give the greatest enhancement in heat transfer. Peng et al. have done a numerical and
experimental analysis of heat transfer on the roughened channel [16]. A V-ribs and 90o ribs were added to the
channel. They came up with conclusions that (i) adding ribs led to enhance the heat transfer compared to the
smoothed channel, (ii) the optimum thermal and hydraulic enactment was found when the angle of V-shaped ribs
were 45o and (iii) the continuous V-shaped ribs had better performance than the interrupted ribs.
A numerical and experimental study of forced convective heat transfer of the roughened surface has been
performed [17]. The duct had trapezoidal and rectangular fins. They determined the best fin thickness, fin width,
and fin height for each configuration. Liu et al. have done investigative work to study the flow characteristic and
the heat transfer on a roughened duct [18]. The flow was turbulent and the duct was roughed by square ribs and
cylindrical shaped grooves. They reported that (i) No heat transfer enhancement was shown for square ribs over
cylindrical grooves and square ribs (ii) the pressure drop of cylindrical grooves is less than those of the square ribs.
Hadipour et. al. designed a new triangular guide rib and enhanced the heat transfer due to accelerate a jet
impinging downward on an asymmetric concave surface with curvature radii of 8 cm (Cr = 0.15) and 12 cm (Cr =
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0.1) [19]. They measured experimentally the temperature distribution in the steady-state condition using infrared
thermometer camera. They using k–ε turbulent model to predict Nusselt number and compared between the
experimental and theoretical Nusselt number profiles. Their results showed that the averaged Nusselt numbers
when the triangular guide rib is used is higher than that of smooth concave surface.
Jin-Cherng Shyu and Jhao-Siang Jheng studied the thermo-hydraulic performance of four different forms of
winglet vortex generators using experimental and theoretical method [20]. They used wind tunnel without bypass
to study Nusselt number and friction factor of plate-fin heat sinks. Four rows of winglets with in-line arrangement
were punched on each 10-mm-long, 0.2-mm-thick copper plate, and a total of 16 pieces of copper plates with
spacing of 2 mm were fastened together to achieve the heat sink. Also, they performed 3-D numerical model to
study the fluid flow and temperature over the plate-fin. Their results showed that the highest thermal enhancement
factor of heat sink having SDWP was 1.28 at Re = 1000 and the thermal enhancement factor of DWP was the
lowest . the thermal enhancement factor of DWP increases rapidly when the airflow velocity increases.
Promvonge and Skullong investigated the effect of two V-shaped winglet vortex generators (rectangular and delta
winglets) on thermal characteristics of constant heat-fluxed tube [21]. They arranged V-shaped winglet vortex
generators according to four relative winglet pitches (0.5, 1.0, 1.5 and 2.0) and three winglet blockage ratios (0.1,
0.15 and 0.2) at a fixed attack angle (α = 45°). They used air as tested fluid in a turbulence condition and the range
of Reynolds number (Re) was ( 4130 and 25,900). The experimental results showed that the heat transfer rate and
friction loss of V-shaped rectangular winglets were higher than that of V-shaped delta winglets. When the winglet
blockage ratio BR increases , The higher increase in heat transfer rate and friction loss appeared while the increase
in relative winglet pitches produces the reversing tendency for both types of V-shaped winglet vortex generators.
The range of thermal-performance enhancement factor of V-shaped delta-winglets was (1.82–2.0) and was higher
than that of V-shaped rectangular winglets about (3%).
Sharma et. al. studied experimentally the heat transfer and flow field of rectangular duct containing ribs of
variable cross-section at the bottom wall using particle image velocimetry and liquid crystal thermography to
measure flow field and surface temperature [22]. They used square, pentagonal, trapezium and truncated prismatic
rib configurations to improve the thermal performance. They studied the effects of rib configurations and their
relative spacing on the thermal performance parameters to select the best rib design. When the Truncated prismatic
rib is used, they found that the best value of thermal, friction and thermohydraulic performance were (27.91,
32.75% and 45.16) % respectively at the relative spacing (P⁄e ) (8, 12, and 8) respectively comparing with square
ribs . In this work, the convection heat transfer problem in triangular channels with and without rib was investigated
experimentally. In addition to smooth triangular channels, eight experimental models were proposed to enhance
the convection heat transfer problem. The number of ribs, arrangements of ribs, and division of ribs were
considered to study their effects on Nusselt number at different values of Reynolds number (Re).
PROBLEM DESCRIPTION
The plate-fin heat exchangers are considered as a thermal application using such enhanced flow surfaces that
modifying flow behavior over plate to increase heat transfer between fluid flow and the plates. Figure (1) shows
an example of plate-fin heat exchanger with passages. Fin-type heat exchangers are used between the plates to
obtain a small hydraulic diameter of flow through the plate-fin passages [23]. Enhancing the heat transfer rate
between surface and fluid flow is caused by vortices which is generated by ribs. However, the existence of the
different ribs shapes is led to configure an obstacles and modify streamlines of flow, which can be produce a higher
pressure drop in a duct due to an additional induced drag [24]. Swirl or reverse flow is considered as an important
way to increase heat transfer rate. The swirl flow, flow re-circulation, and the tabulator are widely used techniques
in the thermal engineering applications. Generating re-circulation flow can be improve the convection heat transfer
significantly along the duct wall, since it will increase the effective axial Reynolds number, decrease the crosssectional area of flow and produce an increment of both mean velocity and temperature gradient [25].
Higher pressure drop is executed in a flow to increase the momentum exchange which can produce a large effective
driving potential force. The main factors affect the heat transfer applications are the reverse flow strength and the
position of reattached. Rib tabulators have been used for decades in electronic devices, combustion chambers and
blades of gas turbine to obtain a higher thermal performance, by inducing the stronger reverse flow in the thermal
applications. Ribs arrangement and dimensions are also the most significant parameters affecting on the thermal
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behavior in the channel [26].

Figure 1. Cross flow-type heat exchanger along with triangular inserts [3]
EXPERIMENTAL FACILITIES AND APPARATUS
The apparatus used in the experiment is shown schematically in Figure 2. To connect the high-pressure blower, a
circular pipe was utilized. A digital anemometer (Model-DA40) is fixed on the pipeline to measure the mean air
velocity. Triangular duct and rib dimensions which is mounted inside the triangular duct are shown in Figure 3
and the triangular channel is characterized by the height and length of the channel. The overall height of the channel
is (W= 300 mm), and the length of the channel is (L =1000 mm). The lower surface of the channel is exposed to a
constant heat flux (q= 4500 W), and the other walls are insulated. The rib is made of aluminum bar with dimensions
(t = 30 mm) thick, (e =30 mm) high and of (b = 180 mm) length. Figure 4 shows the ribs arrangement inside the
triangular channel in (Eight Models) as follow:
Model (1): One rib is fixed in the mid plan inside the triangular channel.
Model (2): Two ribs are fixed at a distance of ( 0.4 L and 0.6 L) inside the triangular channel.
Model (3): Three are ribs fixed at a distance of ( 0.2L, 0.4L, and 0.6 L) inside the triangular channel.
Model (4): One rib cutting to three equal pieces fixed in equally distance at the mid plan inside the triangular
channel.
Model (5): One rib cutting to two equal pieces fixed in equally distance at the mid plan inside the triangular
channel.
Model (6): two ribs cutting each one to two equal pieces fixed in equally distance at (0.4L and 0.6 L) of the
triangular channel.
Model (7): two ribs cutting each one to three equal pieces fixed in equally distance at (0.4L and 0.6 L) of the
triangular channel.
Model (8): two ribs cutting each one to two equal pieces fixed in equally distance at (0.4L and 0.6 L) with attack
angle (30o) of the triangular channel.
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Figure 2. Experimental work rig.

Figure 3. Triangular duct and rib dimensions
In the experiments, all the cases run the combination of the phenomena of the re-circulating/reverse flow induced
by the ribs. They are more effective near the lower channel wall, where a higher thermal resistance exists. Using
combined tabulators are supposed to provide more mixing of the fluid between the core and the lower wall of the
channel causes viscous dissipation will increase and thus the rate of heat transfer will enhance. Figure (3) shows
the triangular channel test section. The power source of AC current supply was used to heat the lower plate of the
channel to maintain a constant value of heat flux (q= 4500 W), and another two walls are thermally insulated by
covering using a class wood insulation. High-pressure blower was used to supply air to the channel. Blower's speed
was adjusted to meet the required value of the Reynolds number by using an inverter. The amount of airflow rate
inside the duct was measured by a digital anemometer (Model-DA40). To measure the temperatures on each plan
of the lower heated wall, nine thermocouples were fitted. The (18 thermocouples) were attached by (x-y plane)
grid distribution as 2 thermocouples in each plane and its axial separation distance was (100 mm) apart.
Two thermocouples were positioned at the inlet and outlet of the duct to measure the bulk temperature at these
locations. At the entry and exit of the duct, Two thermocouples were added downstream and upstream. All of these
thermocouples are made of the same type, which is (Ni-Cr/Ni-Al, K-type). The diameter of the thermocouple wire
is 1.5 mm. The data acquisition system, which is called Temperature Control System (TCS), is used to record data
of thermocouples in a computer. The static pressure drop across the duct was measured and investigated using two
taps. The two taps were added at the top of the channel. The average friction factor (f) was calculated depending
on the values of the pressure drop. At the centerline of the channel, the two taps were placed. They were placed at
25 mm upstream of the leading edge and 25 mm upstream of the trailing edge respectively. A U-tube manometer
was used to measure the pressure drop across the test channel. Calculations of data are done according to the
relations mentioned in Ref [7]. The non-dimensional parameters such as Reynolds number, Nusselt number, and
friction coefficient. Equation (1) is used to calculate a hydraulic diameter (Dh) of the non-circular channel:
𝐷ℎ =

4 𝐴𝑐
𝑃

= 0.577 𝑊

(1)

From experimental data, the coefficient of average heat transfer can be determined from:
q = ṁ CP (To − Ti ) = V I cosθ
q
h= ̅

(2)
(3)

A(Ts −Tb )

Where, Tb = (To + Ti )/2

̅s = ∑9s=1 Ts /9
and T
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(a) Model 1

(b) Model 2

(c) Model 3

(d) Model 4

(e) Model 5

(f) Model 6

(g) Model 7

(h) Model 8

Figure 4. The rib arrangement inside the triangular duct.
RESULTS AND DISCUSSIONS
The results of experimental investigations of the heat transfer and fluid flow inside the triangular duct are presented
as a function of the ribs arrangements and numbers and expected as the effective parameters on the thermal
behavior. The variation of the Nusselt number with Reynolds number and the dimensionless distance along the
duct in terms of the ribs models are shown in Figures (5-a to 5-i). It can be seen that the value of the Nusselt
number increases with an increase in the flow velocity or Reynolds number. The behavior of span average Nusselt
number along the duct has a clear change when the ribs were added as shown in Figure ( 5-a) and Figure(5-b) (i.e.
comparison between smooth channel and model 1). When the comparison between the results of span average
Nusselt number of smooth channel and that of model 2 (see Figure ( 5-a) and Figure(5-c)), the span average Nusselt
number decreases at the mid-distance between the two ribs because of the stagnation zone in this point (i.e. the
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swirl flow reduces). While Figure (5-d) shows the increase in span average Nusselt number in model 3 when the
three ribs are used. This behavior happens because the second rib works as a fin and increases the heat transfer at
this point and at the same time the stagnation region is small and is not affected on the heat transfer. In Figure (5e), the span average Nusselt number increases at the position of rib in model 4 and its increasing is much than that
of model 1. The increasing of span average Nusselt number happened because the dividing of ribs reduces the
stagnation region after the rib and enhances the convection heat transfer because of increasing the velocity of air
near the bottom plate. Also, in Figure (5-f), the span average Nusselt number in model 5 increases too at the
position of the rib. In Figure (5-g), the span average Nusselt number in model 6 increases at the position of ribs
and decreases in the mid-point between the two ribs sets. In Figure (5-h), the position of peek value of span average
Nusselt number is in the midpoint between the two ribs sets because of the turbulent flow in this regain. Finally,
The effect of the inclination of ribs on the span average Nusselt number is shown in Figure (5-i). The span average
Nusselt number in model 8 increases at the ribs positions and decreases at the mid-point between the two ribs sets.

(a) The smooth channel (without Ribs)

(c) Model 2

(b) Model 1

(d) Model 3

(e) Model 4

(f) Model 5
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(g) Model 6

(h) Model 7

(i) Model 8
Figure 5: (a –i) Nusselt number values along the channel of the all cases
Figure (6) shows the comparison among three cases (models 1, 2, and 3) and the smooth duct case with the variable
value of (Re). In these cases, it is noted that the variation of (Nu) along the length of the channel in models (1) and
(3) are similar and differ from that of model 2. Also, when (Re) increases, the value of (Nu) in models (1) and (3)
coincide. In the midpoint, the value of (Nu) of model 2 was greater than that of model 1 because the number of
ribs increases. In model 2, the variation of (Nu) decreases at midpoint because of the reduction of swirl flow at
this point.

Re=450

Re=650
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Re=900

Re=1500

Re=2000
Figure 6. Effect of number of ribs on the Nusselt number distribution.
The influence of ribs division into two and three parts (models 1, 4, and 5) on the mean value of Nu is shown in
Figure (7). Generally, the dividing of ribs increases the value of (Nu) as shown in model (4) and (5). The effect of
dividing will be reduced when the (Re) increases and the number of dividing do not effect the value of (Nu)
especially in the second half of the channel. But in the region in front of the rib, the value of (Nu) increases when
the (Re) increases and the value of (Nu) of the model (4) (three parts of rib) is greater than that of the model (5)
(two parts of rib). The dividing of the rib causes increasing in turbulent flow in the front and behind the rib and
enhancing the heat transfer.

Re=450

Re=650
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Re=900

Re=1500

Re=2000
Figure 7. Effect of dividing one solid rib on the Nusselt number values.
Figure (8) gives the comparison for cases of adding the two ribs at three models (2,6,7). The parting of ribs to three
parts gives more efficient heat exchange essentially in mid-point channel plan and its case (models 7) the profile
of (Nu) its take the different behavior due to cut each rib to three parts which give more than one pathway for flow
across the ribs and between its parts .these paths causes strength interaction for flow to streamline. for this case
shown in the drop in the value of Nu in ribs locations line (x=0.4 L and X=0.6 L) and increase in (x=0.5 L)which
is not similar happen in models(2 and 6). these profiles because the space between these ribs reduces the ribs effect
on the heat exchange and increases the effect of the weak region behind the ribs.

Re=450

Re=650
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Re=900

Re=1500

Re=2000
Figure 8. Effect of parting of two parallel solid rib (inline arrangement) on the Nusselt number distribution.
Figure (9) shows the effect of the inclined angle of the ribs with the Nu at different Re. This is interpreted the
convergent nozzle of the ribs, which is referred to the intensity of the drop of Nu (increasing the flow velocity) in
the midplane channel section. The facing angle to the ribs has an important role to improve the heat transfer rate.
In this work, the Nu values increase when the facing angle increases until reaches (30o) for ribs pair type while the
Nu values decrease when the facing angle increases above this degree, and this result was found in Ref. [27]. The
model (8) has a reasonable agreement along the flow direction at both low and high Re numbers. The results show
that the Nu numbers increase about (14 % to 22 %) with different Re numbers.

Re=450

Re=650
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Re=900

Re=1500

Re=2000
Figure 9. Effect of inclined parted rib (two pieces) parallel ribs(Model 8) on the Nusselt number distribution
comparison with Model 2 and Model 6
From the experimental data of the overall heat transfer coefficient of this work, an empirical correlation can be
established in terms of a dimensionless group to be used for predicting the heat transfer coefficient for each model
mentioned previously for the arrangement of ribs inside the triangular channel as effective parameters. A general
empirical correlation is used as shown in Table 1.

Nu = C1 ReC2 PrC3

(4)

Model

C1

C2

C3

Proportion of variance accounted R2 (%)

without ribs

0.8197

0.2076

-1.67

93.1

1

0.5014

0.2335

-3.15

83.4

2

0.754

0.1545

-3.51

96.68

3

0.78

0.182

3.144

98.23

4

0.851

0.172

2.877

97.9

5

0.772

0.18

-3.07

98

6

0.895

0.127

3.664

99.9

7

0.897

0.142

-3.38

94.3

8

0.826

0.244

1.271

81.4

Figures (10, 11, and 12) show the relation between the ribs number and their arrangement with the pressure drop
of the cross triangular channel. It can be seen the total pressure drop across the channel in a direct proportional
with ribs number at each value of flow velocity or (Re) because of the g in the drag pressure drop component at
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ribs front, and the increase in the reverse flow regions behind these ribs. As well as, an empirical correlation is
established from the experimental data of total pressure drop across the triangular duct in terms of the
dimensionless group to correlate the total pressure drop for the smooth duct model as follow:

f = 0.411 / Re 0.27

(5)

According to Chang et al. [9], correlations for the smooth tube and equilateral triangular duct are written as
following, respectively:

f = 0.316 / Re 0.25

(6)

f = 0.305 / Re 0.25

(7)

The deviation between the equation (5) and the equations of (6) and (7) is of (12%) and (15.1%), respectively, due
to the effect of the heating on the fluid properties which is affected by the friction factor. It can be observed that
the friction factor is in a reverse proportional with Re.

Figure 10. The effect of the number of ribs added to the channel on the pressure drop.

Figure 11. The effect of parting of on rib on the pressure drop.
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Figure 12. The effect of the parting of ribs in the two parallel ribs.
CONCLUSION
The effect of ribs number and arrangements on the thermal characteristics of fluid flow through a triangular channel
being heated with a uniform heat source are experimentally investigated. According to this study, many findings
can be appointed briefly:
1. For all models, the rise in (Re) was accompanied by an increase in Nu number and a decrease in flow friction
factor, f.
2. As the number of ribs and the number of parts of each rib increases, the (Nu) tends to rise remarkably.
However, the pressure drop has an opposite response to the ribs parting (decreasing effect), while it rises
explicitly after increasing the number of ribs.
3. The angle of attack of the ribs has a great effect on (Nu) and (f). At (30 o) angle of attack, the maximum boost
of heat transfer was (22.% )
4. The results indicate that the number and the configuration of the ribs has a considerable influence on (Nu)
and (f).
Nomenclature
Symbols
A
Surface area
Ac
Duct cross-sectional area
Cp
Specific heat at constant pressure
Dh
Hydraulic diameter
h
Total heat transfer coefficient
I
Electrical Current
k
Thermal conductivity
L
Duct length
P
Parameter
q
Power supplied = VI
Tb
Bulk temperature
Ti
Inlet Air Temperature
To
Outlet air temperature
Ts
Surface Temperature
V
Voltage
Greek Letters
ΔP
Pressure drop
f
Friction factor
Dimensionless Group
Nu
Duct Nusselt number

unit
m2
m2
J/kg.K
m
W/m2.K
Amp.
W/m.K
m
m
W
K
K
K
K
Volt
N/m2
-

Nu =

-

h.Dh
k
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 Cp g . 


k
 g 

Pr

Prandtl number 

Re

The Reynolds number based on the triangular channel hydraulic diameter Re =

-

h.Dh
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