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This paper presents the numerical investigation of the microtube heat sink 
with impingement jet feeding and HFE-7600 dielectric fluid. The inlet channel 
covers only a quarter of the tube perimeter so the swirl flow is settled in the 
tubes and the heat transfer between the liquid flow and silicon substrate is 
improved. The variable physical properties are used as the working fluid and 
turbulent flow regime is considered. The proposed microtube heat sink with 
impingement jet feeding was compared with a classic microtube heat sink with 
paralel inlet and outlet cross sections in terms of temperature variation along 
the heated surface and temperature difference. The influence of the temperature 
dependent physical properties on the fluid flow and heat transfer is analyzed 
and compared with results obtained for water as the working fluid.

Mikrokanalni rashladni sustavi koristeći dielektrične fluide
Izvornoznanstveni članak

Ovaj rad predstavlja numeričku analizu strujanja i prijenosa topline dielektričnog 
fluida HFE-7600 u mikrocijevnom izmjenjivaču topline s nastrujavanjem 
naletnim mlazom. Kako poprečni presjek ulaznog kanala pokriva samo 
četvrtinu cijevi, uspostavlja se vrtložno strujanje unutar mikrokanala i samim 
tim dolazi do poboljšanja toplinskog učina aparata. Uzete su u obzir toplinske 
karakteristike fluida u zavisnosti od temperature i turbulentni režim strujanja. 
Rezultati predloženog modela upoređivani su s toplinskim učinom klasičnog 
mikro-cijevnog izmjenjivača topline s paralelnim ulaznim i izlaznim poprečnim 
presjecima po promjeni temperature kontaktne površine između izmjenjivaca 
topline i izvora topline. Također su upoređivani rezultati sa slučajem u kojem 
je voda radni fluid i analiziran je utjecaj temperaturno zavisnih karakteristika 
radnog fluida.
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1.	 Introduction

The thermal management of the electronic devices 
and power sources became the challenging issue in the 
last decade because of both, miniaturization and heat 
transfer rate increasing. The various cooling solutions 
have been proposed using both the single and two-phase 
heat transfer. Since this paper deals with the single phase 
heat transfer of water, only these cooling solutions will 
be considered.

The advantage of the single-phase microchannel heat 
sink, is based on an increase the heat transfer coefficient 
as the hydraulic diameter is deceasing. Also the channel 
walls are acting as the fins that increase the heat transfer 
area. For the case of the microchannel heat sinks, the 
investigations are made for single layer arrangement [1-
6] and double layer arrangement [7-8]. The research has 
been made experimentally and numerically although the 
analytical solution based on a porous model has been 

announced [9]. The fractal branching microchannel heat 
sink was investigated in [10]. Also, the viscous dissipation 
effect and the slip flow regime were considered for 
rectangular microchannel heat sinks [11-12]. In addition, 
the review chapters on micro-heat sinks might be found 
in [13-14].

Contrary to the microchannel heat sink, Soliman etal 
[15] presented the results for the numerical modeling 
made on microtube heat sink. The constant property 
laminar heat transfer of the water through the microtubes 
is considered. It was found that proposed heat sink have 
higher thermal resistance and requires lower pumping 
power compared to the microchannel heat sink for the 
same Re and hydraulic diameter. On the other hand, based 
on the unit pumping power, the microtube heat sink can 
dissipate slightly larger heat rate than the microchannel 
heat sink.

Besides, Ryu etal [16] have presented the numerical 
analysis of the manifold microchannel heat sink. It is 
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concluded that this heat sink has better performances 
than the classical microchannel heat sink, lower thermal 
resistance and more uniform temperature distribution for 
the same pumping power. The optimization of the heat 
sink geometric parameters is done to obtain the best heat 
transfer characteristics.
The numerical analysis of the partially heated 
microshannel heat sink was reported by Lelea [17] while 
the performance evaluation of the nanofluid cooled 
microchannel heat sink was presented by Lelea [18].
Sung and Mudawar [19] analyzed the hybrid jet 
impingement microchannel heat sink in turbulent heat 
transfer and fluid flow. It was shown that the vorticity has 
the large influence on a zone outside the impingement jet. 
The stronger attachment of the fluid flow to the heated 
surface for higher Re is observed. It was also proposed the 
improved design of the heat sink based on the optimized 
analysis that lowers the temperature distribution of the 
heated surface.

Following this review of the cooling solutions used for 
electronic and high power devices, the microtube heat 
sink with impingement jet is analyzed. The novel concept 
of the microchannel tangential cooling was introduced by 
Lelea [20,21]. In this case, instead of  water, the dielectric 
fluid HFE-7600 is used and turbulent fluid flow condition 
is imposed.

2. Problem description and numerical 
details

The microtube heat sink assembly proposed for 
numerical analysis is presented in the Figure 1. It might 
be observed that feeding of the microtube heat sink is 
realized through the gaps on the top surface of the heat 
sink. The cross section of the microtube with the inlet 
channel is presented in the Figure 2. It can be noticed 
that the microtube is thermally and hydrodynamically 

Symbols / Oznake

B - micro-heat sink width, m 
- širina mikro-hladnjaka T - temperature, K 

- temperatura

bch
- inlet channel width, m 
- širina ulaznog kanala Tmax

- peak temperature 
- vršna temperatura

cp
- specific heat, J/kg K 
- specifična toplina ∆T - temperature difference 

- temperaturna razlika

Di
- inner diameter, m 
- unutarnji promjer u, v, w - velocity, m/s 

- brzina

hch
- inlet channel height, m 
- visina ulaznog kanala wm

- module width, m
- širina modula

H - micro-heat sink height, m 
- visina mikro-hladnjaka x, y, z - Coordinate, m 

- koordinatne osi

k - thermal conductivity, W/m K 
- toplinska vodljivost µ - dynamic viscosity, Pa s 

- dinamička viskoznost

Lch
- inlet channel length, m 
- duljina ulaznog kanala ρ - density, kg/m3 

- gustoća

L - micro-heat sink length 
- duljina mikro-hladnjaka Π - pumping power, W 

- snaga crpke

M - mass flow rate, kg/s 
- maseni protok Indices / Indeksi

N - number of the channels 
- broj kanala in - inlet 

- ulaz

∆p - pressure drop, Pa
- pad tlaka out - outlet 

- izlaz

q - heat flux, W/cm2 

- toplinski tok f - fluid 
- tekućina

R - thermal resistance, cm K/W 
- toplinski otpor s - solid 

- krutina

Re - Reynolds number 
- Reynoldsov broj
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symmetrical with respect to the boundary positioned at 
the half-length of the microtube. So, only the left part of 
the microtube is analyzed. The set of the Navier-Stokes 
equations can be used, as follows:
The conservation of mass

	
(1)

The conservation of momentum

	
(2)

The conservation of energy

	
(3)

In addition for turbulent fluid flow the standard k-ε 
model is used:

The turbulence kinetic energy,  k, and its rate of 
dissipation ε are obtained from the following transport 
equations:

	
(4)

and

	

(5)

In these equations, Gk represents the generation 
of turbulence kinetic energy due to the mean velocity 
gradients, calculated as described in Section,  Gb  is 
the generation of turbulence kinetic energy due to 
buoyancy,  YM  represents the contribution of the 
fluctuating dilatation in compressible turbulence 
to the overall dissipation rate,C1ε,  C2ε, and  C3ε  are 
constants, σk  and σε  are the turbulent Prandtl numbers 
for k and ε, respectively, Sk and Sε are user-defined source 
terms. The turbulent viscosity µt is computed as follows:

	
(6)

The model constants C1ε, C2ε, Cµ , σk and σε have the 
following values:
C1ε = 1.44, C2ε = 1.92, Cµ = 0.09, σk = 1.0, σε = 1.3,  
Prt = 0.85.

Figure 1. Microtube heat sink assembly with a tangential 
impingement jet 
Slika 1. Mikrocijevni izmjenjivač topline s tangencijalnim 
naletnim mlazom

For the micro-tube heat sink presented in this paper, 
the following boundary conditions are settled:

The fluid flow is stationary, incompressible and •	
turbulent;
The fluid properties of the HFE-7600 were considered •	
as temperature dependent with following equations 
[22]:

Dynamic viscosity:

Density:

Thermal conductivity:

Specific heat:

Figure 2. Geometry of a single microtube
Slika 2. Geometrija jedne mikrocijevi
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The uniform velocity field and the constant •	
temperature are imposed at the channel inlet, while 
at the outlet the partial derivates of the velocity 
and temperature in the stream-wise direction are 
vanishing;
The conjugate heat transfer between the solid and •	
fluid flow is considered and the no-slip velocity 
conditions at the solid-fluid interface;

The conjugate heat transfer procedure, implies the 
continuity of the temperature and heat flux at the solid – 
liquid interface defined as,
x = Ri :	 Ts |R+ = Tf |R- 

y = Ri :	 Ts |R+ = Tf |R- 

Also at the inlet cross-section:

M = Min and T = Tin

All the outer surfaces of the heat sink are insulated 
except the bottom one in contact with the chip:

At the outlet of the microtube the following boundary 
conditions are prescribed:

Table 1. The geometry, thermal and flow conditions of the 
micro-tube heat sink
Tablica 1. Geometrija, toplinske i karakteristike strujanja za 
mikrocijevni izmjenjivač topline

B, cm H, µm L, cm bch, µm Lch, mm hch, µm

1 1500 1 450 1 150

wm, µm Di, µm N M, kg/s Re Tin
K

1050 900 10 7 10-3 5107 293

At the symmetry boundaries:

z = 0

x = ± Wm/2

The set of the partial differential equations along 
with the boundary conditions are solved using the Fluent 
commercial solver [23] with methods described in [24]. 
The Simple algorithm is used for the velocity-pressure 
coupling solution and second order upwind scheme for 
equations discretization. The under-relaxation factors 
are used for pressure field ( α = 0.3 ) and momentum 
conservation (α = 0.7). The convergence criterion is 
defined as:

	

(7)

3.	 Results and discussion

The pumping power is defined as:

	
(8)

The pressure difference is calculated as a difference 
between the average values at the inlet and outlet cross-
sections:

	
(9)

Also the Re is defined at the inlet cross-section as:

	
(10)

In the figure 3 temperature distribution at the bottom 
sink surface for HFE-7600 and water is presented. Due 
to compatibility with most electronic components and 
dielectric strength, HFE-7600 fluid can be used in single 
and two-phase cooling of supercomputers, sensitive 
military electronics and also high voltage transformers 
and power electronics.

Besides, due to the pure thermal properties of the 
dielectric fluid, even for high pumping power Π = 
1.2 W, the maximum temperature is Tmax = 352 K and 
temperature difference along the bottom wall is ∆T = 7 
K. For the water case and Π = 0.195 W, Tmax = 316 K and 
∆T = 1.2 K.
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The temperature distribution for sidewall and bottom 
wall of the heat sink is presented in the figure 4. The 
uniform surface temperature is observed except for the 
portions close to the inlet channel. 

The axial velocity distribution is presented in the 
figure 5. The higher axial velocities are observed at 
the tube wall surface rather than in the middle of the 
microtube, that increases the heat transfer coefficient. 

Moreover, despite the high heat flux q = 100 W/cm2, 
the single-phase regime is still preserved.

Figure 3. The temperature distribution at the bottom heat sink 
surface along the fluid flow for HFE 7600 and water
Slika 3. Temperaturna raspodjela na donjoj površini 
izmjenjivača topline duž strujanja fluida za HFE 7600 i vodu

Figure 4. The temperature distribution at the bottom and 
sidewall heat sink surfaces along the fluid flow for Π = 0.055 
W and two different configurations
Slika 4. Promjena temperature na donjoj površini i poprečnim 
stijenkama izmjenjivača topline duž strujanja fluida za Π = 
0.055 W i dvije različite konfiguracije

Figure 5. The distribution of axial fluid flow velocity inside 
the microtube
Slika 5. Raspodjela poprečne brzine strujanja fluida unutar 
mikrocijevi
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