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Cold plates are heat transfer devices used in various industries such as aerospace, automotive, and telecommunications primarily 

to prevent overheating and ensure efficient operation of electronics and power electronics components. They are compact, flat heat 

exchangers designed mainly by dissipate heat to a liquid coolant. The present paper compares the thermal performance of three 

serpentine arrangements using a global resistance metric that accounts for thermal resistance and pumping power. Then, various 

Svelteness definitions that differ in the external length scale are investigated. All the designs hold the same five degrees of freedom: 

plate area, plate weight, pipe diameter, pipe bend radius ratio, and plate length ratio, but only the two latter ones are investigated here. 

Results show that the simple “S” shape performs better regarding the global resistance metric, mainly for configurations with low 

values of the ratio between the bend curvature radius and the pipe diameter (R/d). The three variants of Svelteness capture the general 

thermal performance very well, particularly the R/d effect and the impact of the plate aspect ratio (W/d). However, none of the 

Svelteness definitions considered could completely capture the performance differences among the different arrangements measured 

with the global resistance metric. 
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1. INTRODUCTION 

Power electronic components require an efficient thermal management system to maintain their 

performance and longevity [1]. Thermal management can be achieved through active or passive means. Active 

thermal management utilizes forced convection, employing fans or pumps to circulate a fluid coolant. In 

contrast, passive cooling methods rely on heat sinks and fins, utilizing free convection [2]. An example of 

indirect active cooling, whose design can benefit from results developed in relation with the Constructal Law, 

is the cold plate, which consists of a plate with attached or internal pipes for coolant flow.  

Investigations considering various pipe shapes for heat-transferring devices were found in the literature 

[3-7] and motivated the present study. This work compares three internal pipe shapes for cold plates with the 

same degrees of freedom. The novelty here is in proposing two modified S-type serpentine shapes and 

investigating their performance according to a proposed non-dimensional global thermal resistance and three 

Svelteness definitions that differ in the external length [7]. 
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2. METHODOLOGY 

Computational fluid dynamics simulations were performed in OpenFOAM considering steady-state 

solution and incompressible flow with constant thermophysical properties. Turbulence modeling was obtained 

with the Reynolds Average Navier-Stokes (RANS) method, and the κ − ε model was used to close the system 

of equations. At the pipe inlet, the fluid temperature and speed were specified, while a heat transfer rate was 

prescribed on one of the plane surfaces of the cold plate, with the remaining surfaces being treated as adiabatic. 

Figure 1 shows the three serpentine shapes and the variables that define the geometries. The geometrical 

relationships are determined by the expressions in Eq. 1 and the variable listed in Table 1.  

𝑅 = 𝑅 𝑑⁄ ⋅ 𝑑,   𝑊 = (𝐴𝑝 ⋅ 𝑊 𝐷⁄ )
0.5

,   𝐷 =
𝐴𝑝

𝑊
, 𝑆1 = 2𝑅,   𝑆2 =

𝐷−2𝑆1

2
    (1) 

Table 1 

Variables 

Parameters 
Decision variables Dependent  

variables R/d W/D 

d = 0.004 m 2.0 1.2 H 

Ap = 0.20 m² 6.0 1.6 �̇� 

Ti = 298.15 K 10.0 2.0 To 

Q = 1000 W   T-field 

Δp = 0.25 bar    

mp = 2.50 kg    

 

 

Fig. 1 – Serpentine shapes. 

 

Three values are explored for each of the two degrees of freedom and for each of the three serpentine 

shapes, totaling 27 configurations. 

3. RESULTS AND DISCUSSION 

Results indicate that design S-0 provides a better temperature distribution, particularly for lower values 

of R/d and W/D (Fig. 2). When analyzing the non-dimensional global thermal resistance (defined here as the 

product of global thermal resistance and pumping power divided by fluid inlet temperature), S-0 exhibits 

significantly lower values, especially for lower R/d and W/D (Fig. 3). 
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To correlate the thermal performance with potential geometric shape advantages, three Svelteness 

definitions were examined in Figs. 4, 5 and 6. These definitions (see figures insets) differ in the external length 

scale (numerator of the equations), while the internal length scale consistently depends only on the serpentine 

volume (v). 

 

  

Fig. 2 – Temperature fields.       Fig. 3 – Non-dimensional global resistance. 

 

  

Fig. 4 – Svelteness by definition “a”.  Fig. 5 – Svelteness by definition “b”. 

 

 

Fig. 6 – Svelteness by definition “c”. 
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Consider A as the area available to mount heat-dissipating devices and l as the serpentine length. 

Although the Svelteness definitions used do not capture the superiority of the S-0 design for R/d values of 2 

and 6 (suggested by Fig.3), all the Svelteness definitions capture the general thermal performance, particularly 

concerning R/d. The impact of W/D is more strongly seen in Svelteness “c” (Fig. 6). Note that the current 

simulations assumed rough wall pipe and are for turbulent flow in all the cases. 
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