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ABSTRACT 

Selection of the heat transfer and pressure drop correlations is a complicated and multi-faceted issue in the 
design workflow of compact heat exchangers. There are several reasons behind this issue, the most important 
being the validity of the correlations over narrow Reynolds number intervals. In practice, heat transfer and 
pressure drop correlations are derived experimentally under laboratory conditions and for Reynolds interval 
considered most probable. Depending on the application, the flow regime can deviate significantly from the 
design conditions, resulting in operation conditions that may be far from the expected ones. The algorithm 
proposed in this paper allows a flexible choice of the heat transfer and pressure drop correlation that results in a 
trade-off between thermodynamic effectiveness and operation under controlled conditions. 
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INTRODUCTION 

Compact heat exchangers tend to 
replace conventional exchanger wherever 
possible due to the large area to volume 
ratio, high effectiveness and compactness. 
However, the geometrical complexity of the 
heat transfer surfaces requires development 
of heat transfer and pressure drop 
correlations for each surface type. Even for 
surfaces geometrically similar it is 
necessary to derive new correlations since 
the geometrical complexity makes 
impossible to assess the influence of the 
geometrical similarities. 

Heat transfer surface configurations for 
plate fin heat exchangers were developed in 
the attempt to adapt such devices to various 
working fluids, applications and fluid 
parameters and to enhance the heat 
exchanger performance. 

It is well known that that transfer and 
pressure drop correlation are difficult if not 

impossible to derive by means of analytical 
techniques in the case of special and 
complex geometries. Such cases are heat 
transfer surfaces for compact heat 
exchangers for gases. Such surfaces have a 
complicated geometry designed to enhance 
the heat transfer. However, heat transfer 
enhancement is accompanied usually by an 
increase of the pressure drop. Such devices 
are known for high thermal performances, 
high heat transfer surface to volume ratio 
and low maintenance. Experimental data for 
heat transfer and pressure drop are known 
in the literature, the reference title being 
Kays and London [1]. 

 
LITERATURE REVIEW 

Compact heat exchangers offer due to 
their wide range of applicability and 
versatility, low capital cost compared to 
other heat transfer systems and high 
reliability. Taboas et al [2] investigated 
experimentally heat transfer and pressure 
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drop of boiling ammonia/water mixture in a 
compact heat exchanger of the type plate 
fin. The author found convective boiling 
correlations in plate fin heat exchanger 
channels and showed that the two-phase 
enhancement factor should be lower than 
for tubes.  

Durmuș et al [3] investigated 
empirically heat transfer and pressure drop 
in plate heat exchangers with different 
geometry layouts. The main factors that 
affect the heat exchanger effectiveness were 
identified by means of developing Nusselt-
Reynolds and friction factor-Reynolds 
correlations. It was found that highest heat 
transfer rate occurs in corrugated type heat 
exchanger but also the highest pressure 
drop, which increases significantly the 
capital cost.  

In [4], Arsenyeva et al developed a 
modified Von Karman analogy of heat and 
momentum transfer for plate fin heat 
exchangers. Duct geometry, flow velocity 
and fluid properties on heat transfer were 
considered allowing calculation of the 
convective heat transfer coefficients by 
employing the generalized correlation for 
friction factor at the main corrugated field 
of the inter-plate channel. The equation 
proposed was confirmed experimentally. 
Kurganov et al [5] studied heat transfer and 
hydraulic resistance of supercritical 
pressure coolants. Applicability of normal 
heat transfer and pressure drop correlations 
to supercritical fluids (water and carbon 
dioxide) was assessed.  

  
 
METHODOLOGY 

Heat transfer surface types presented in 
this paper are described in detail in Kays 
and London [1]. Heat transfer data in the 

form of Re-StPr2/3 and pressure drop data in 
the form Re-f are included for a large 
number of heat transfer surface types. 
Geometrical characteristic as well as heat 
transfer data and friction factors were 
included in [1]. The following heat surface 
types were studied experimentally in [1]: 
tubular surfaces, plate fin surfaces, banks of 
finned tubes and matrix surfaces. Plate fin 
surface types studied were plain fins, 
louvered fins, strip fins, wavy fins, pin fins 
and perforated fins.  

The algorithm of selection the most 
appropriate heat transfer and pressure drop 
correlation is based on the observation that 
same heat transfer surface type may be 
incorporated in different heat exchangers 
operating under different conditions. Such 
conditions may differ in such way that Re 
number differs by one order of magnitude 
or more. The heat transfer surface 
manufacturer will only provide a high 
accuracy heat transfer and pressure drop 
correlation over a limited Reynolds number 
range. Thus, what is a precise correlation 
for the first heat exchanger may be far from 
reality for the second exchanger using the 
same heat transfer surface. Under such 
circumstances, the user may find that the 
heat exchanger or the system from which 
the heat exchanger is c part doesn’t reach 
the design value of the effectiveness. In 
extreme conditions, for highly demanding 
applications, the whole system may become 
inoperable. The heat transfer surface 
manufacturer prefers to provide a single 
correlation valid for a Re number range. 
This is because of several reasons: (i) a heat 
transfer/pressure drop correlation developed 
over a wide Re range is inherently affected 
by errors; (ii) developing accurate 
correlations for narrow Re number values is 
resource-consuming. 

Heat transfer and pressure drop 
correlations for compact heat transfer are of 
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the form 鯨���態 戴⁄ = �迎結�. For heat transfer 
correlation: 

 鯨���態 戴⁄ = �怠怠迎結�迭迭 for  迎結 < 迎結��怠 (1) 

and 

 鯨���態 戴⁄ = �怠態迎結�迭鉄 for  迎結 > 迎結��怠 (2) 

Same applies for pressure drop: 

 � = �態怠迎結�鉄迭 for  迎結 < 迎結��態 (3) 

and  

 � = �態態迎結�鉄鉄 for  迎結 > 迎結��態 (4) 

The criteria for identifying the 迎結�� 
value is minimization of the least squares 
calculated by employing the experimental 
data provided in [1]. A detailed discussion 
on identification of 迎結��has been given in 
[6]. The method that will be presented in 
this paper attempts to develop a single 
correlation valid over a wide range of Re 
number having as a start point several 
correlations developed over narrow Re 
number ranges. Dividing the Re interval in 
a number of subintervals and defining 
separate correlations for each interval is an 
approach represented in Figure 1. It has the 
advantage of generating accurate 
correlations over small Re number intervals 
but connections between intervals result in 
discontinuities, as presented in Figure 1. 
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Figure 1. Heat transfer correlation for 12.00T 
surface type using three Re subintervals 

 

(Figure 1 presents heat transfer 
correlation for surface type 12.00T, with 
geometrical characteristics, heat transfer 
and flow friction data given in reference 
[1]). A number of three Reynolds number 
subintervals were defined and heat transfer 
correlations were identified as shown in 
detail in [6] using the data provided in [1]. 

However, by means of optimization the 
following situation is reached (Figure 2). 
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Figure 2. Heat transfer correlation for 12.00T 
surface type with optimized intervals. 

 

In case of pressure drop correlations the 
first optimization attempt considered the 
same Reynolds intervals as in the case of 
heat transfer correlations. 

The results are presented in Figure 3. 
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Figure 3. Pressure drop correlations over 
three Reynolds intervals 

Pressure drop correlations can be optimized 
in the same way, as shown in Figure 4. A 
number of two intervals for Reynolds was 
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found to optimize the correlation error over 
a wide Re interval.  

The approach can be generalized and 
implemented in a computer program in 
order to generate automatically the best 
interval combination.  
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Figure 3. Optimized pressure drop correlations 

 

CONCLUSIONS 
 

Reynolds number intervals over which heat 
transfer correlations were defined were 
identified with the purpose of optimizing 
the heat transfer and pressure drop 
correlations, in the sense of minimizing the 
error over a large Reynolds interval.  
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