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 HEAT TRANSFER AND FLUID FLOW INSIDE  
DUCT WITH USING FAN-SHAPE RIBS

Ahmed Hashim Yousif*
Al-Furat Al-Awsat Technical University, Al-Dewaniyah Technical Institute, Al-Dewaniyah, Iraq

A 2-D computational analysis is carried out to calculate heat transfer and friction factor for laminar flow through rect-
angular duct with using fan–shape ribs as a turbulator. The types of rib shapes are imported on the heat transfer rate 
and fluid flow in heat exchangers. The present study makes use of a fan–shaped ribs with two arrangements. The 
first arrangement was downstream fan–shape ribs (case 1) and upstream fan–shape ribs (case 2) is investigated. A 
commercial finite volume package ANSYS FLUENT 16.1 are used for solving the meshing process with continuity, 
momentum and energy equations respectively to investigate fluid flow and heat transfer across the ribs surface. 
The Reynolds number (Re) range of (400 – 2250) with different relative roughness pitch (p/H=0.17, 0.22, 0.27 and 
0.32) at constant rib high (e/H). The results show that the heat transfers and friction increase with using ribs also, 
the results show that heat transfer is directly proportional to pitch ratio and Reynolds number. The Nusselt number 
enhancement by (12% -29%).     
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INTRODUCTION

Heat transfer is increasing by using swirl. The swirl of 
fluid flow devices can be divided into two types. The first 
one is a twisted tape that lead to continuous swirl along 
the duct, the second device makes the flow decays along 
the channel is a ribs or baffle and vortex generator which 
is where the ribs success fully prevents the development 
of B.L. and lead to improving heat transfer. Various types 
of ribs have been developed to increasing heat transfer 
from rectangular duct where the rectangular duct is com-
monly used in engineering applications. Such as solar 
collector, compact heat exchanger etc. [1]. Enhance-
ment of heat transfer is very importance in the thermal 
system where overheated can damage the components 
of the system [2]. The mechanism of enhancement heat 
transfers by using ribs is owing to the flow separation 
and reattachment where the laminar sub layer was dis-
rupting with using different types of ribs. The ribs turbula-
tor. Investigates recreation of B.L which lead to enhance-
ment heat transfer [3]. Several of researchers have been 
studied on improvement heat transfer with using different 
types of ribs.
[1] Investigate heat transfer and friction factor for tur-
bulent flow inside duct with triangular ribs numerically it 
was found that the ribs will be increases Nusselt number 
and pressure drop. [2] Studied a thermal performance 
characterization in duct with using different type of ribs at 
constant heat flux numerically. The k–ε model is used to 
simulate turbulence in ANSYS–FLUENT 6.3. Heat trans-
fer enhancement with using ribs when compared with 
smooth duct and found that the highest performance fac-
tors for turbulent flow.
[3] Presented the numerical results of heat transfer and 
friction factor for turbulent flow through a square channel 
with using different shape of ribs with Re range (5000–

52000) and different ratio (p/e). The increment in Nusselt 
number with using square ribs is 1.19 and friction factor 
lowered by 1.3 as compared with other type of ribs. [4] 
studied heat transfer and friction in air solar collector with 
using rectangular ribs numerically the results show that 
heat transfer enhanced without big penalty friction loss-
es. [5] A different shaped of ribs at the same height with 
constant heat flux are using (fig. 1) the ribs using with 
two types of arrangement (in line and staggered) with 
Re range of (4000 to 12000), heat transfer and friction 
losses increasing with using ribs when compared with 
smooth channel, the right angle triangle give max. fric-
tion loss and reverse pentagonal shape give max. Nu.
[6] Used three shapes of ribs to investigate heat transfer 
of two phases flow, with three air velocities and three wa-
ter velocities, heat transfer increases with adding ribs, by 
73.97 % for rectangular rib, with 99.14 % for trapezoidal 
rib and with 135.65 % for triangular rib when compared 
it’s with smooth duct. [7] A numerical investigation on 
ribbed duct with T.T insert and compared with T.T insert 
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Figure 1: Cross-Sectional rib shapes [5]



Istraživanja i projektovanja za privredu ISSN 1451-4117
Journal of Applied Engineering Science  Vol. 19, No. 2, 2021

in duct without using rib. The result shows that using ribs 
with T.T. lead to increasing heat transfer, also shows that 
higher twist ratio with moderate rib spacing with lower 
twist ratio for low Prandtl fluid.
[8] An orifical rib on plate to improving heat transfer from 
solar air heater was investigated numerically with Re 
range from 3000 to 20000. The ratio of (p/e=10) has the 
better results of heat transfer and the ratio of roughness 
height and pitch has very strong effect on the flow pat-
tern. The study using five types of ribs and right angle 
triangle shape has higher performance. [9] Using of a 
semi–D shaped turbulator as a novel rib is using to en-
hancement heat transfer from flat plate solar air heater 
numerically at Re range (6000–27000) with p ratio (p/e) 
varied between (7.14–42.86). The results show that the 
heat transfer enhanced with maximum increasing in Nu 
about 2.43 at p/e=7.14 at Re=6000 with increasing in 
friction factor.
[10] studied the effect of rectangular ribs over observer 
plat for solar air collector at constant heat flux with Re 
range (4000-18000) numerically. The predicted results 
show that maximum value of performance was 1.89[11] 
Have numerically studied heat transfer and flow through 
a duct with triangular ribs at different angles by ANSYS 
14 ICEM, the Re range between (20000 to 60000). The 
maximum heat transfer obtained for triangular ribs at 
angle 60o and Re=60000 when compared with angles 
45o and 90o also, vortex created between the ribs im-
prove Nu. An upstream and downstream ramped ribs are 
studding to show its effect on heat transfer and pressure 
drop. Experimentally and numerically by [12] the results 
compared with square ribs with the same height with tur-
bulent flow at Re range (10000-60000). From this study, 
heat transfer and friction factor has a considerable pen-
alty up to 28 % and 43 % respectively. However, the defi-
cit in friction and heat transfer have significant impact on 
the air foil life.
[13] A computational analysis is carried out to show the 
effect of ten types of ribs on heat transfer and pressure 
drop using commercial package FLUENT 6.1 with Re 
range (3000–20000). The study is carried out for both 
flow regimes (transitional and fully develop). The result 
shows that optimum heat transfers with minimum pres-
sure drop given with rectangular ribs. In addition, several 
researchers as [14-16] studies on using a variety of ribs 
and the results were that the heat transfer is improved 
with using ribs with increasing in the coefficient of friction. 
Several reviewed have been done by many researchers 
for the purpose of collecting researches and studies on 
the use of roughened surfaces to improve heat transfer 
as [17, 18].
In present study, the effect of fitting fan–shaped ribs in 
duct at constant wall temp. on heat transfer and pres-
sure drop at Reynolds number range (400-2250) with 
upstream and downstream fan–shape ribs cases at dif-
ferent pitch ratio (p/H) will be investigated numerically.

SOLUTION DOMAIN

The physical properties of numerical study are shown in 
fig. (2-a, b), the internal, test and exit sections can be 
shown and the dimensions of the duct exibited in table (1)

CFD MYTHOLOGY

The numerical calculation is performed to solve 2-D 
problem to know heat transfer and friction inside duct 
with using wing-shape ribs. A CFD cod FLUENT 6.1 is 
used to solve conservation equations. The eq.s are used 
to solution heat transfer and friction with the assumption 
of
• Steady two dimensional air flow and heat transfer 
• Laminar incompressible with fully developed flow 
• Constant air properties 
• The thermal radiation, body force and viscose dissi-

pation are ignoring.
The 2-D continuity, momentum and energy eq.s are 
solved with using F.V.M and SIMPLIC algorithm scheme 
is applied to show the effect of flow on heat transfer and 
fiction factor characteristic. A governing eq.s for present 

Figure 2: Downstream and upstream ribs

Configuration Sample Dimensions value

Pitch p/H
0.17, 0.22,
0.27, 0.32

Rib height e/H 0.05
Entrance section L1/H 10

Test section L2/H 7.5
Exit section L3/H 12.5
Rib length b/H 0.17

Table 1: Dimensions of the duct and rib with respect to 
the height of duct
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Figure 3: Mesh generation for downstream ribs
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study are written as [19, 20]:
Continuity equation

x-momentum equation

y-momentum equation

Energy equation:

MESH GENERATION

Mesh were implemented to the flow domain are shown 
in (fig.3) where the meth was very fine near the solid 
wall. It’s necessary ensure the accuracy and validity of 
the results by checking the meth independence. There-
fore, the meth independence study is done on the duct. 
The parameters for the present study are Nusselt num-
ber and friction factor. Convergence criteria for mass and 
momentum eq.s are (10-6) and for energy eq. is (10-9).

CALCULATION OF NUSSELT NUMBER AND  
FRICTION FACTOR

Nusselt number characterize the quantitative parameter 
of heat transfer where the form of Nu based on hydrau-
lic diameter is:

And friction factor can be calculated by:

At solution of present study be at Reynolds number 
range (400-2250), where

Boundary conditions

For this study, the pertinent (B.C) is the simulation are:
• Inlet boundary 
u=uin
v=0
Tin=300 K
• Solid boundary 
No slip condition for velocity at walls (duct and ribs) with 
constant wall and ribs temperature of 300 k and 400 k 
respectively. 
• Outlet boundary 
The exit boundary condition are unknown before solving 
the eq.s and its principle of zero except pressure gradi-
ent sitting as

RESULTS AND DISCUSSION

First we must perform verification of heat transfer and 
friction for plain duct with previous studies. The verifica-
tion is performed in term of Nu and f. the present numer-
ical results are compared with [21] as shown in figure (4) 
for Nu and (5) for friction factor (f). the present numerical 
results are within +10% of the results obtained from [21].
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Figure 4: Nu with Re for plain duct
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Figure 5: Friction factor with Re for plain duct
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Figure 6: Temperature contour for downstream and 
upstream ribs

Figure 7: Vortices over ribs at different (p/H) for two 
cases

Figure 8: Velocity vector for downstream and upstream 
ribs
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CFD contour of temp. magnitude for downstream and 
upstream fan-shape ribs can be shown in figure (6) at 
different pitch ratio, where for downstream at small pitch 
ratio (p/H=0.17) (fig.6-a), heat transfer enhanced at the 
tip of ribs facing the flow but when moving to the straight 
surface, heat transfer decreases due to generate vorti-
ces. But for upstream rib heat transfer was high at the 
straight surface due to sweeping the heat by the flow on 
the ribs (fig.6-e). Now for downstream ribs with increas-
ing pitch ratio, the vortices will be disappearing and heat 
transfer will be increasing due to sweeping the heat from 
the ribs (fig.6-b, c, d). On the contrary, we show that vor-
tices will be appearing and growth with increased pitch 
ratio where heat transfer decreases (fig. 6- f, g, h).

(Fig.7) shows the effect of downstream upstream flow 
with different pitch ratio on generate vortices where it 
clear that the vortices depended on the flow direction 
and the pitch ratio.
(Fig.8 a-h) shows the velocity vectors for flow over the ribs. 
Where (fig.8-a) shew the velocity distribution at (p/H=0.17), 
it is clear that the vortex will be appears also, there is a re-
gion recession at the end of straight surface of rib.  But with 
increasing pitch ratio vortices will be decreasing and the 
flow be smooth over rib surface. In the case of upstream, at 
small pitch ratio (fig.8- e), there is a small vortex be at the 
end of the rib and this vortex will be increases with increas-
ing (p/H) as shown in (fig. 8 f, g, h).
Heat transfer performed in term of Nu along the duct can 
be shown in the (fig. 9) for downstream and upstream 
ribs. The figure shows a part of the test section. Where 
Nu for the two types are decreases with increasing the 
distance (x/H) due to the fluid will be hot toward the end 
of the duct also, Nux for downstream rib was higher than 
the upstream rib. The distribution of Nu along the duct for 
the two types at different Re can be seen in (fig.s 10 and 
11), it is clear when increases Re lead to increasing heat 
transfer due to increasing the mixing fluid flow.
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Figure 9: Local Nusselt number along the rib surface for 
two cases at Re=800
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Figure 10: Local Nu along the test section at different 
Re for downstream case
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Figure 11: Local Nu along the test section at different 
Re for upstream case
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Figures (12 and 13) show the variation average Nuav 
with Re for downstream and upstream ribs respective-
ly. It can be observing that Nu for duct with using rib is 
higher than the plain duct at any Re also, its shown that 
Nu increases with pitch ratio increasing, this due to good 
mixing of fluid flow and disappear of the vortices espe-
cially at downstream type.
Variation if friction factor (f) obtain for downstream and 
upstream types with Re under different pitch ratio are 
shown in fig. (14) and (15) respectively. From the figures 
can be observe that (f) increases with increasing (p/H) 
for upstream type due to growth the vortices but the op-
posite happens at downstream type where the vortices 
will be disappearing.
(Fig.16) shows the comparison of (Nu/Nuplain) between 
downstream and upstream with different pitch ratio (p/H) 
at (Re=800), it is observed that heat transfer enhances 
for two case and the increasing of heat transfer or down-
stream was best and that lead to its possible to reduces 
the number of ribs at the same surface to decreasing 
friction factor.

CONCLUSION

In this study the effect of fan-shaped ribs on heat transfer 
and fluid flow parameters of laminar flow in a two-dimen-
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Figure 13: Average Nu with Re at different (pH) for 
upstream case

sional rectangular duct was investigated. The FVM pack-
age was using ANSYS FLUENT 16.1 to simulate polling. 
In this study, the heat transfer and friction factor within the 
duct were examined in the Re range (400-2250). There 
are two cases of fan-shaped ribs, upstream and down-
stream of different pitches (p/H=0.17, 0.22, 0.27, 0.32). 
Through the studies in this paper, it can be shown that 
heat transfer was enhanced by the use of fan-shaped 
ribs and by an increase in Reynolds number.
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Figure 14: friction factor with Re at different (pH) for 
downstream case

Figure 15: Friction factor with Re at different (pH) for 
upstream case

Figure 16: The comparison of (Nu/Nuplain) between 
downstream and upstream with different pitch ratio at 

(Re=800)
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Pitch ratio has a great influence on heat transfer and friction 
factor in two cases. Heat transfer improved by (12%-29%) 
when using fan shaped ribs and the maximum heat transfer 
occurred at (p/H=0.32).
It has been found through the study that the vorteices 
that occur due to the presence of the ribs have a great 
effect on the heat transfer process, and that the changes 
made by changing the direction of the ribs or the dis-

tance between them have a high effect on reducing the 
vorteiece and thus increasing the heat transfer.
Friction factor increases or decreases when using fan-
shaped ribs, as it increases with increasing pitch ratio 
to upstream condition and decreases with increasing 
pitch ratio to downstream condition. For all Reynolds 
numbers, the heat transfer for the downstream state was 
preferable to the upstream condition.
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