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ABSTRACT 

Heat transfer and fluid flow correlation are generally derived from experimental data, which are 
affected by various kinds of errors. Transition from laminar to turbulent regime is a sensitive issue 
that depends on many factors. In complex geometry it is not possible to predict a transition Reynolds 
number value which is coincident to the real thing. The paper proposes a highly efficient and fast 
algorithm for identification of heat transfer and flow friction correlations for compact heat surfaces. 
Simultaneously, the algorithm provides the Reynolds number for which transition from laminar to 
turbulent flow occurs. The algorithm is based on damped least-squares (DLS) algorithm and divides 
successively the Re axis attempting to minimize the least squares sums of deviations. The algorithm 
was implemented in a program to automate it and some specific examples are presented 
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INTRODUCTION 

 
Heat 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. A wide range of 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.  

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 were 

investigated 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 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.  
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Durmuş 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. It was shown that 
IF-97 standard is no longer valid for 
describing turbulent heat transfer and 
pressure drop for supercritical water and 
carbon dioxide.  
 
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.  

Kays and London [1] used a semi-
descriptive method to identify the heat 
transfer surface types, given their large 
number. The convention is described in the 
following section: 

 Louvered-fin: surface code will 
consist of two figures as follows: 
the first represents the length of the 
louvered fin in the flow direction; 
the second represents the number of 
fins per inch transverse to the flow  

 Plain-fin surfaces: surface code will 
consist of the number of fins per 
inch transverse to the flow direction  

 Strip-fin: Same as for louvered fins 

 Pin-fin: Non-descriptive 
designation.  

Wavy-fin: surface code will consist of two 
figures as follows: the first represents the 
number of fins per inch; the second 
represents the wavelength followed by the 
letter W. 

The procedure proposed is based on the 
following observation: while it is very 
difficult to predict the transition from 
laminar to turbulent regime, it is for sure 
that two different correlation of the form 

 will be employed, such 
as: 

  for   

and 

  for   
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Same applies for pressure drop: 

  for   (3) 

and  

  for   (4) 

The criteria for identifying the  value 
is minimization of the least squares 
calculated by employing the experimental 
data provided in [1]. The algorithm uses 
the following sequence: 

1. An initial  is chosen at the 
beginning of the interval.  

2. Parameters , , ,  are 
calculated using statistical 
ANOVA test and an iterative 
method based on Levenber-
Marquardt algorithm by 
employing the standard 
Levenberg-Marquart algorithm 
given by: 

   
   (5) 
The objective is to 
minimize S by identifying 
parameters  of the model 
curve. 

3. The residual sum of squares is 
calculated and assigned in a 

heap-like structure to  
value 

4. The following  is selected 
and the procedure is resumed 
adding the new pair in the 

 and  data 
structures 

5. If end of  set is reached 
then the minimum finding 
procedure is run 

Minimum finding procedure is described in 
the following section 

1. The heap-like data structure is 
sorted by employing the quick 
sort algorithm. 

2. Minimum value of residual sum 
of squares is identified 
Thus, the  value which 
minimizes the residual sum of 
squares is identified  
 

RESULTS AND DISCUSSION 

The algorithm presented above was 
implemented in GNU Octave taking 
advantage of the built-in functions of the 
programming environment. The procedure 
was applied for heat transfer and pressure 
drop data tabulated in Kays and London 
[1]. Two such examples are presented in 
the next section. 
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Figure 1. Heat transfer and pressure drop correlations for surface type ¾-11.1 (strip fin) 
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In Fig. 1 the  is 1225 for the heat 
transfer correlation and 1998 for pressure 
drop correlation. Thus, the transition Re 
number must be reinterpreted in the light 
of such findings. 

 

CONCLUSIONS 
Heat transfer and pressure drop 

correlations for heat transfer surfaces used 
for plate fin heat exchangers were 
developed identifying in the same time the 
Re value for which transition from laminar 
to turbulent flow occurs. Experimental data 
available in literature for a wide range of 
heat transfer surface types were processed 
automatically in order to obtain heat 
transfer correlation and friction factor 
correlation in single phase forced 
convection. Correlation parameters along 
with standard errors resulting from 
ANOVA test were determined. It was 
found that the Re transition number that 
minimizes the least square method has 
different values for heat transfer 
correlation and for pressure drop 
correlation. This suggest the fact that the 
traditional concepts of laminar and 
turbulent flow can be reinterpreted and 
assigned more subtle meanings. 
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