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Abstract 
 
Remote Radio Unit RRU 4G LTE Heatsink systems works based on the natural convection cooling, usually working  outdoors in the harsh 
conditions of temperature, humidity, hoarfrost.  However, this device has some advantages, i.e., low cost, high reliability. Its main drawback 
is a relatively low heat transfer. Therefore, in order to reinforce a capablity of heat transfer, the optimal calculation of Plate Fin Heat Sinks 
for RRU LTE 4G to reduce power losses plays an important role and is always topical subjects  for researchers and designers. In this study, 
the paper uses a real model of 4G RRU device with the capacity of 2x40W and 2x60W. Model is made of parallel heat sinks and is naturally 
cooled. 
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Tóm tắt 
 
Hệ thống tản nhiệt thiết bị thu phát viễn thông RRU 4G làm việc dựa 
trên mô hình tản nhiệt đối lưu tự nhiên, thường làm việc ngoài trời 
trong điều kiện khắc nghiệt về nhiệt độ, độ ẩm, sương muối. Tuy 
nhiên, thiết bị có nhiều ưu điểm như giá thành gia công sản xuất thấp 
và độ tin cậy cao, nhược điểm duy nhất là khả năng truyền nhiệt thấp. 
Do đó, để tăng cường khả năng truyên nhiệt, việc tính toán tối ưu 
kích thước gân cánh tản nhiệt để đảm bảo tiêu tán công suất tản nhiệt 
ra ngoài môi trường đóng vai trò rất quan trọng và luôn mang tính 
thời sự với các nhà khoa học và nhà thiết kế. Trong nghiên cứu này, 
bài báo áp dụng cho mô hình thực của thiết bị RRU 4G có công suất 
2x40W và 2x60W. Mô hình có cấu tạo từ các tấm tản nhiệt song song 
và được làm mát tự nhiên..  

1. Introduction 

Nowadays, the application of LTE 4G for carrying 
RF/microwave circuit design with high frequencies plays an 
important role in reality [1]. Thus, the optimal computation of 
Plate Fin Heat Sinks for RRU LTE in order to reduce power 
loss density due to higher frequencies and higher powers is 
always mandatory for researchers and designers. [1]- [6]. In 
this paper, the output of power amplifier (PA) in 
RF/microwave circuits is from 2x40 W to 2x60W with 
efficiency of 30 - 40%. Most of input powers will be 
converted to heating losses [1]-[4]. Total heat losses are about 
from 240 W to 300 W based on the PA operation modes. So 
as to adjust the overheat temperature of the PA transistor, the 
natural convection heat sink is designed to dissipate the heat 
loss to air in different cases. Consequently, a finite element 
method (FEM) has been applied to calculate thermal 
distributions of the RRU housing system and the hotspot of 

PA base. The thermal dissipation density is maximized to 
meet RF/microwave performance and size reduction. 

 The multi-physic analysis has been recently demonstrated 
that the characterization of wire bonding interconnects and the 
printed circuit board laminate materials are very important 
[2]-[4].  

The aim of this paper is to present a modelling of thermal 
problems that include a full-wave electromagnetic and a 
transient thermal simulation via an process iteration. The 
calculation is performed by the FEM due to its unmatched 
capabilities in complicated geometries and materials [4]. The 
analytical calculation is applied to different heat sink profiles 
and the finite element simulations are setup to performance 
thermal management.  
Temperature measurements are performed to illustrate the 
theory of developed method. The obtained thermal 
performance is then used to the thermal resistance of different 
RRU heatsink.  This paper will calculate an optimal aluminum 
thickness of fin heatsink of RRU housing to minimum 
material cost. 

2. Analytical Model  

The analytical model of the natural convection heatsink 
investigated by Elenbass is depicted in Figure 1. This natural 
convection between isothermal parallel vertical The 
dimension of the natural convection heat sink for RRU made 
by aluminum is the 425 x 320 x 140 (mm3). The heat sink is 
set to close to the power amplifier unit in RRU. In addition, 
the natural convection heat sink is the cover of RRU [7], [8]. 
Analytical model of heatsink fins is shown in Figure 2. 

The thermal problems (i.e., heat transfer performance, 
thermal resistance, and thermal conductivity of natural 
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convection cooling) with different geometries are studied in 
this paper.  

 
 

Figure 1: Schematic of the natural convection heatsink. 

 
Figure 2:  Input parameters of heatsink [2]. 

 

 
Figure 3: The heat sinks with heat source. 

 
The heat flow via a natural convection is expressed [9], [10] 
𝑄 = 𝑛 . 𝑄 + ℎ 𝐴 𝜃 + 𝑄                      (1) 

𝑛 = ,  𝐴 = 𝐿𝑤 (𝑛 − 1), 

𝑄 = ℎ 𝐴 𝜃 ,    (2a-b-c) 
where nfin is the fin numbers, Qfin is the heat dissipated heat  in 
each fin, hb is heat transfer coefficient in each fin, Ab is the 
heat sink surface area in each fin, b is the differential 
temperature between ambient temperature and fin, Qrad is the 
radiation heat transfer. Geometric parameters (W, wc and ww) 
are given in Figure 3. 

The parameter Afin in (2 c) is gives 

𝐴 = 2 𝐿𝐻 + 𝐻 𝑤 + ,                       (3) 

where L, Hf and Hb are geometric parameters are also given in 
Figure 3. The external and internal heat transfer coefficient 
for a single fin are given respectively 

ℎ = 0.59𝑅𝑎
.

,     ℎ = 𝑁𝑢 ,        (4a-b) 

where kf represents the thermal factor in air and Nufin is the 
nusselt standard of the heatsink. 

𝑁𝑢 =
576

𝜂 𝐸𝑙
+

2.873

𝜂 𝐸𝑙

.            (5) 

The Rayleigh number (Rab) and Elenbaas number El in (5) 
are respectively defined as 

𝐸𝑙 =
𝑔𝛽𝜃 𝑤

𝑣 𝛼 𝐿
, 𝑅𝑎 =

𝑔𝛽𝜃 𝐿

𝑣 𝛼
,          (6𝑎 − 𝑏) 

where 𝑣  and 𝛼   are the viscosities and the thermal 
conductivities of the cooling medium air, respectively. 

The radiation of heat transfer coefficient Qrad is estimated 
by 

𝑄 = 𝜎𝜀 𝐿𝑊(𝑇 − 𝑇∞ ),                   (7) 

where eff is the emissivity of the solid made of the aluminum, 
 is the Boltzmann constant and L.W is the heat surface sink 
without including the shape of the channels. When the surface 
radiation coefficient Qrad is 0.8, the emissivity is defined [9], 
[10] 

𝜀

= −0.2 − 3.369 𝑒𝑥𝑝 −
𝐿

0.929𝐻
𝑒𝑥𝑝 −

𝐻

2𝑠
+ 1.12

+ 3.004 𝑒𝑥𝑝 −
𝐿

1.526𝐻
.                         (8) 

    The thermal resistence appears when heat flow transfers 
from the narrow area to the larger area. The thermal resistence 
is given by 

𝑅 =
𝜃

𝑄
.                               (9) 

     The temperature at any location 𝜃(x, y, z) distributed in 
plate is computed [1]-[6]. It can be expressed as  

 
𝜃(𝑥, 𝑦, 𝑧) = 𝐴 + 𝐵 𝑧 

+ 𝑐𝑜𝑠 𝜆 𝑥[𝐴 𝑐𝑜𝑠ℎ 𝜆 𝑧 + 𝐵 𝑠𝑖𝑛ℎ 𝜆 𝑧]

∞

+ 𝑐𝑜𝑠 𝛿 𝑥[𝐴 𝑐𝑜𝑠ℎ 𝛿 𝑧 + 𝐵 𝑠𝑖𝑛ℎ 𝛿 𝑧]

∞

+ + 𝑐𝑜𝑠 𝜆 𝑥 𝑐𝑜𝑠 𝛿 𝑦[𝐴 𝑐𝑜𝑠ℎ 𝛽 𝑧

∞∞

+ 𝐵 𝑠𝑖𝑛ℎ 𝛽 𝑧] ,                                                        (10) 
where factors 𝐴 , 𝐴  and 𝐴  are defined as 

𝐴 =
2𝑄 𝑠𝑖𝑛

2𝑥 + 𝑥
2

𝜆 − 𝑠𝑖𝑛
2𝑥 − 𝑥

2
𝜆

𝐿𝑊𝑥 𝑘𝜆 𝜙𝜆
, 

𝐴 =
2𝑄 𝑠𝑖𝑛

2𝑦 + 𝑦
2

𝛿 − 𝑠𝑖𝑛
2𝑦 − 𝑦

2
𝛿

𝐿𝑊𝑦 𝑘𝛿 𝜙𝛿
, 
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𝐴 =
16𝑄 𝑐𝑜𝑠 𝜆 𝑥 𝑠𝑖𝑛

1
2

𝜆 𝑚 𝑐𝑜𝑠( 𝛿 𝑦 ) 𝑠𝑖𝑛
1
2

𝛿 𝑑

𝐿𝑊𝑥 𝑦 𝑘𝛽 𝜆 𝛿 𝜙(𝛽 )
, 

 
with  

𝜆 =
𝑚𝜋

𝑊
, 𝛿 =

𝑛𝜋

𝐿
, 𝛽 = (𝜆 + 𝛿 ) . ,

𝐵 = −𝜙(𝜁)𝐴 ,       (11a − b − c) 

𝜙(𝜁) =
𝜁 𝑠𝑖𝑛ℎ 𝜁 𝐻 +

ℎ
𝑘 𝑐𝑜𝑠ℎ 𝜁 𝐻

𝜁 𝑐𝑜𝑠ℎ 𝜁 𝐻 +
ℎ

𝑘 𝑠𝑖𝑛ℎ 𝜁 𝐻

.                  (12) 

 
The factor 𝜁 in (12) is now replaced by correlated 𝜆, 𝛿, 𝛽 
 

→ 𝜃 =
𝑄

𝐿𝑊

𝐻

𝑘
+

1

ℎ

+ 2 𝐴
𝑐𝑜𝑠 𝜆 𝑥 𝑠𝑖𝑛

1
2

𝜆 𝑥

𝜆 𝑥

∞

 

+2 𝐴
𝑐𝑜𝑠 𝛿 𝑦 𝑠𝑖𝑛

1
2

𝛿 𝑦

𝛿 𝑦

∞

 

+2 𝐴
𝑐𝑜𝑠 𝛿 𝑦 𝑠𝑖𝑛

1
2

𝛿 𝑦

𝛿 𝑦

∞

 

+4 𝐴
𝑐𝑜𝑠 𝜆 𝑥 𝑠𝑖𝑛

1
2

𝜆 𝑥 𝑐𝑜𝑠 𝛿 𝑦 𝑠𝑖𝑛
1
2

𝛿 𝑥

𝜆 𝛿 𝑥 𝑦

∞∞

 

               (13) 

     
Figure 4: Optimal heatsink fins calculation. 

 
   If have many the heat sources, the average value should be 
computed. Finally, the thermal resistance is given by 

𝑅 =
𝜃

𝑄
.                                 (14) 

The factors k and heff in (12) are thermal conductivity 
coefficients defined as 

ℎ =
1

𝑅 𝐿𝑊
.                                  (15) 

The algorithm for computing the thermal conductivity 
coefficients is presented in Figure 4.  

    The input parameters for optimal fins are herein Q = 300W, 
L = 174 mm, W = 380 mm, tb = 5 mm, b = 12 mm, H = 55 

mm. The entropy 𝑆
•

 is a function of the fin thickness shown 
in Figures 5 and 6 [1]-[6].  The Entropy and Resistance is 
minimum with heatsink thickness of 1.5 mm, however CNC 
machines can manufacture the heatsink fin from 2mm because 
of deformation (Fig. 7). The number of fins (n = 32) and the 
thickness (d = 2mm) are optimal parameters of RRU 
heatsinks. Those parameters will apply for 3D design by Solid 
work and NX software 
 

                      Figure 5: Entropy vs fin thickness [2]. 
Figure 6: Heatsink resistence and fin thickness [2]. 

 

Figure 7: Optimal number of fins [2]. 
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3. Thermal simulation 

    The 3-D model and material parameters have been loaded 
in Ansys-Icepack model to determine temperature distribu-
tions of the RRU heatsink. The hotspot is located in center of 
heat source. The maximum temperature must be lower than 
temperature limit of IC PA transistor, modeling steps is shown 
in Figure 8. 

Figure 8: Modeling steps. 

Figure 9: Material properties. 
 

 
Figure 10: Thermal simulation results. 

     Material properties of the thermal conduction and 
heat losses are inputs of the finite element model. The 
total heat source is form 260W to 300W at the ambient 
temperature of 250C and natural convection (Fig. 9). 

 

Aluminum conduction AL6061 of 171 W/m.K has installed 
and applied for the thermal model. The maximum temperature 
of RRU heatsink is 970C being lower than the temperature 
capacity of ICS inside the RRU housing (Fig. 10) with using 
the nemann boundary condition. In order to evaluate the sim-
ulation results, an hardware setup has built. 

4. Experiment results 

      The experimental setup includes heatsink, heat source and 
data acquisition to record temperature values with time sam-
ple of 30 second. 

 

Figure 11:  Schematic of experimental setup. 

 

    
   Figure 12:  Temperature sensors in RRU housing. 

      
       The modelling of the experimental setup is presented in 
Figure 11, that consists of the power amplifier of RRU 
heatsink of 240-300W (heat source), data acquisition with 16 
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chanels for 16 measure points, and desktop PC. The heat 
transfer plate where the heat source following is inserted to 
the sidewall of heating block, and the input power value is 
performed by the multimeter.   
     The input power for the RRU heat source is 
38V*3.8A=245W and the temperature in PCB and IC base 
and heatsink fin are record by data acquisition and PC in Fig-
ure 12 (top). According to IEC experimental test, the maxi-
mum temperature is kept in 30 minutes. 
      Temperature results are recorded by the data acquisition 
in directorate for strandards, metrology and quality (Quatest 
I), Viet Nam (Fig. 12, bottom).  After 3 hour workings, the 
maximum temperature reaches 9900C checked to be very 
close to simulation results of 970C degree. 
 

5. Conclusions 

    The achieved results from the thermal modeling are veri-
fied to be similar to the results obtained from the measured 
modeling. The results have shown that the power loss distri-
bution in a wide range. This is illustrated that there is a good 
validation to use an adapted method to effectively compute 
and design the natural convection heat sinks of the RRU 
heatsink. The analytical optimization design points out a ca-
pacity of computed heat transfer sinks that is compared to 
available profiles. In addition, the optimization design also 
shows the plate area utilized effectively. Hence, power mod-
ules is not the preferred selection, but discretization of semi-
conductors, where the power circuit can design an optimal 
plate area. The obtained results are computed in the frequency 
domain.  
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