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Abstract 
 In this paper, the effect of a flow barrier and bypass on the 
cooling performance for a straight fin heat sink is presented. 
Both side directions and upward direction of bypass are 
controlled using various ducts which have different width 
and heights. In addition, a flow barrier is used to control 
flow toward heat sink. Through experiments, the distance 
from leading edge of a heat sink to a flow barrier is varied 
for various bypasses under fixed volume flow rate condition. 
This study shows possibility to improve cooling 
performance when bypass and a flow barrier exist. 

 
 

1. Introduction 
 

Nowadays, emitting heat per unit volume of 
electronic devices drastically increases. Because 
operating temperature of each component relates to 
lifetime and reliability, effective cooling is very 
important to guarantee performance and lifetime of 
devices. Generally, heat sink and fan are the most 
conventional devices in electronics cooling. Many 
researchers have investigated to optimize thermal 
performance of a heat sink. In addition, they have 
researched the effect of geometry and flow condition 
near a heat sink on the cooling performance of a heat 
sink. In most cases, optimization of heat sink 
geometry is limited to maximize thermal performance 
because available space to design a heat sink is 
restricted. Hence, when you optimize thermal 
performance of a heat sink, it is important to consider 
geometry in which heat sink will be fixed. In this 
study, the effect of a distance from a straight fin heat 
sink to adjacent side walls and upper wall on the 
cooling performance is investigated by experiments. 
In addition, to optimize thermal performance of a 

straight fin heat sink, the effect of a flow barrier on 
the cooling performance for a straight fin heat sink is 
also investigated. This flow barrier is used to improve 
thermal performance of a straight fin heat sink and it 
can be made as a piece uniting it to a duct.  

 
 

2. Definitions and experimental apparatus 
 

In this study, it is assumed that flow toward heat 
sink is uniform and uniformity of velocity is checked 
before experiment. Thin film heater is used to heat 
bottom of a heat sink and heat loss is neglected. 

To verify thermal performance of a heat sink, 
thermal resistance of a heat sink is used. Total thermal 

resistance consists of finR  and flowR  as shown in 
equation1. 
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Fig. 1 Definition 
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Fig. 2 Test section 

 
 

   
 

 
 

Fig. 3 Flow barrier  
 
 

 
Fig. 4 Experimental apparatus 

 

Table 1. Geometry of a heat sink and experimental 
condition 

Inlet Q 10, 15, 20SLM  Boundary  
condition Input heat 7±0.15 W 

Width 30 
Length 32 

Base plate 
(mm) 

Thickness 2 
Number 8 
Thickness 2 mm 
Channel W 2 mm 

Fin 

Height 8 mm 
Height 8, 9, 10, 11 Duct (mm) 
Width 31, 32, 34, 36 

 

In this study, thermal performance of a straight fin 
heat sink is verified for various tip clearance and 
bypass in ducts. Heat is applied to the base plate of a 
heat sink by the thin film heater. To check input heat, 
current and voltage are measured by oscilloscope and 
multi meter.  

Volume flow rate is controlled by MFC(Mass flow 
controller). To check uniformity of velocity toward a 
heat sink, pressure drop is measured at 5 points with 
micro manometer. Bypass is varied at 1, 2, 4, 6mm 
and tip clearance is also varied at 0, 1, 2, 3mm. Shape 
of a flow barrier is the same as the area, where fluid 
flows between fins in a straight fin heat sink. The 
distance between a straight fin heat sink and a flow 
barrier is also changed from 1 to 5mm.  

To measure temperature of a heat sink, 5holes are 
made on the bottom of a heat sink and T type 
thermocouples are inserted into each hole.  

 
 

3. Results and discussion 
 

Through experiments, pressure drop difference 
between maximum and minimum value is less than 

0.01 OmmH 2 . Hence, flow toward a straight fin heat 
sink is uniform.  

Thermal performance of a straight fin heat sink for 
various tip clearances is like fig. 5. According to the 
study by E.A.M. Elshafei[8], optimum tip clearance 
exists when Reynolds number is higher than 4000 
which is turbulence regime. In this study, experiments 
are performed under the constant flow rate condition. 
Under the constant volume flow rate condition, as 
flow area increases, mean velocity decreases. As a 
result, optimum tip clearance does not exist under the 
constant volume flow rate condition or the same side 
bypass.  

The effect of a bypass on the cooling performance 
for a straight fin heat sink is shown in fig. 6. Through 
experiments, when b/Wc is 0.5, optimum value exists. 
In this condition, thermal resistance decreases 6.2% 
compared to the condition when b/Wc is 0.25. 
Although volume flow rate changes, this tendency 
seems to be the same.  

In general, when tip clearance or bypass exists, 
additional area that is unavailable when tip clearance 
does not exist to transfer heat is obtained. Therefore 
thermal performance improves relative to the 
condition without tip clearance. However, bypass 
makes velocity toward a heat sink decrease and 
volume flow rate into clear fluid region out of inter fin 
region increases. Hence, thermal performance may 
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worsen because heat near the base plate, which is the 
hottest region, does not transfer effectively. 
Considering these effects, the former effect conflicts 
with the latter one. When optimum value exists, effect 
of improving thermal performance by bypass flow 
prevails over the effect of worsening thermal 
performance due to decreased velocity.  
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Fig. 5 Thermal performance of a straight fin heat sink for 

various volume flow rates and tip clearances  
 
 

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
3.0
3.2
3.4
3.6
3.8
4.0
4.2
4.4
4.6
4.8
5.0
5.2
5.4
5.6
5.8
6.0 Q=10SLM

 sWc0
 sWc0.5
 sWc1
 sWc1.5

Q=15SLM
 sWc0
 sWc0.5
 sWc1
 sWc1.5

Q=20SLM
 sWc0
 sWc0.5
 sWc1
 sWc1.5

Th
er

m
al

 re
si

st
an

ce
(o C

/W
)

b/Wc (Bypass/Channel width)

  
Fig. 6 Thermal performance of a heat sink for various 

volume flow rates and bypasses 
 
 

To investigate the effect of a flow barrier on the 

cooling performance, CFD is performed to compare 
volume flow rate that inflows clear fluid region and 
inter fin region. In this calculation, volume flow rate 
is 0.35CFM, s/Wc is 0.5 and b/Wc is 0.25. According 
to results, volume flow rate into inter fin region 
increases when flow barrier exists.  

A flow barrier makes more fluid flow through inter 
fin region. In addition, if a flow barrier exists, flow 
area decreases. Hence, mean flow velocity through 
inter fin region increases and it improves thermal 
performance of a straight fin heat sink. 

Table 2. Volume flow rate that flows in each part 
(Fluent) 

d (Flow barrier) None 4mm 

Q CFM Ratio (%) CFM Ratio (%)

Inlet 0.35 100 0.35 100 

Clear fluid 0.07 18.3 0.03 9.4 

inter fin 0.29 81.7 0.32 90.6 
 

Fig. 7 shows effect of a volume flow rate and the 
distance from a heat sink to a barrier on the thermal 
performance of a heat sink when a flow barrier exists. 
In these experiments, b/Wc is 0.25 and s/Wc is 0. 
Through experiments, thermal performance of a heat 
sink improves as volume flow rate increases when a 
flow barrier exists.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 7 Relation between thermal performance of a heat 

sink and position of a flow barrier 
 
 

 Fig. 8 shows the effect of a tip clearance on the 
cooling performance of a heat sink when a flow 
barrier exists. In these experiments, volume flow rate 
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is 10SLM, b/Wc is 0.25. 
 At first, if a flow barrier exists, optimum tip 

clearance exists whether tip clearance exists or not. 
Secondly, as tip clearance increases, improvement of 
thermal performance due to a flow barrier increases. 
Thirdly, when bypass and tip clearance are long, a 
flow barrier is effective to improve thermal 
performance of a straight fin heat sink.  

 Through experiments, when s/Wc is 0.5, thermal 
performance is optimized. It means that optimum tip 
clearance exists. As explained in table 2, a flow 
barrier makes volume flow rate into inter fin region 
increase. In addition, because heat transfer on fin tips 
is possible, thermal performance improves when tip 
clearance exists. This is also the same in the case 
when bypass exists.  
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Fig. 8 Effect of flow barrier position and tip clearance on 

the cooling performance of a heat sink 
 
 

As tip clearance increases, volume flow rate out of 
inter fin region also increases and it makes thermal 
performance of a heat sink worsen. However, a flow 
barrier makes volume flow rate into inter fin region 
increase. Hence, a flow barrier can improve thermal 
performance of a straight fin heat sink when bypass is 
long.  

When fluid flows toward a heat sink, fluid that 
passes a flow barrier accelerates and more fluid flows 
through inter fin region. In this case, recirculation 
occurs behind the flow barrier and velocity decreases 
as flow develops. If distance from a flow barrier to a 
heat sink increases, flow develops again and it can not 
improve thermal performance of a heat sink. However, 
if distance from a flow barrier to a heat sink is short, 
pressure drop increases and thermal performance of a 
heat sink worsens. As a result, optimum distance from 
a flow barrier to a heat sink exists.  

 
 

4. Summary 
 

Through experiments, results are as follows.  
1) When the ratio of bypass to channel width is 0.5, 

thermal resistance is minimized. 
2) As volume flow rate increases, a flow barrier is 

more effective to improve thermal performance of a 
straight fin heat sink 

3) When a flow barrier exists, optimum tip clearance 
and optimum side bypass exists. 

4) When the bypass is longer than 1.5 times the 
channel width, bypass is effective. 

5) Optimum distance from leading edge of a straight 
fin heat sink to a flow barrier exists. 

6) As the ratio of tip clearance to channel width 
increases, optimum distance from leading edge of a 
straight fin heat sink to a flow barrier decreases. 
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