


identification of the surface geometrical features that will meet a design criterion. The underlying assumption in 

surface design is that geometrical variables become continuous over a practical range of values. 

In the design of multi-stream heat exchangers, it would be desirable to engineer the type of secondary surface 

required for a given application (Kunpeng et al., 2015). This can be achieved if accurate generalized correlations 

are available for each type of surface. These correlations must be able to predict the thermal-hydraulic 

performance through all flow regimes, namely; laminar, transition and turbulent (Picón-Núñez et al., 2009). In 

this work, the use of a generalized correlation for triangular shape fins is explored and applied to the design 

multi-stream exchangers. 

2. Uniform channel heat load 

The concept of uniform channel heat load that gives rise to the uniform wall temperature condition is graphically 

represented in Figure 1. An assumption in the derivation of this model is that the effect of end plates is neglected. 

An end plate is the one that has no contact with other stream on the other side of the wall. In Figure 1, the term 

q1, represents the heat load transferred by the channel occupied by stream H1; q2 and q3 are the heat loads 

transferred by stream H2 and H3. From this diagram, it follows that: 

𝑞1 = (𝜂ℎ𝐴)1(𝑇ℎ1 − 𝑇𝑤1)    (1) 

𝑞2 = (𝜂ℎ𝐴)2(𝑇ℎ2 − 𝑇𝑤2)    (2) 

Where η is the fin thermal efficiency, h is the heat transfer coefficient (W/m2°C) and A is the total surface area. 

Within an enthalpy interval the following condition applies: 

𝑇ℎ1 = 𝑇ℎ2    (3) 

For the common wall temperature to apply, it is assumed that: 

𝑇𝑤1 = 𝑇𝑤2    (4) 

Therefore, from Eq(1) and Eq(2) it follows that for the hot stream and for cold streams: 

(𝜂ℎ𝐴)ℎ1 = (𝜂ℎ𝐴)ℎ2    (5) 

(𝜂ℎ𝐴)𝑐1 = (𝜂ℎ𝐴)𝑐2    (6) 

For a single stream, the term (ηhA) is expressed as: 

(𝜂ℎ𝐴) = (𝜂ℎ)𝛽𝑉     (7) 

Where V is the product between the length (L), width (W) and height (H) and since the length and width are the 

same for all streams, an effective thermal performance per stream can be expressed as: 

(𝜂ℎ𝐴)𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 = (𝜂ℎ𝛽𝛿)    (8) 

Where β is the fin density (m2/m3) and δ is the plate spacing(m) and both are surface geometrical properties.  

3. Surface design 

Plate-fin heat exchangers are referred to as low Reynolds heat transfer surfaces since the Reynolds number is 

expressed in terms of the hydraulic diameter which normally has a small value. Experimental heat transfer data 

are not readily available for all flow regimes; so, in most cases, analytical solutions for the limiting Nusselt 

number in the laminar region can be solved. For a heat transfer condition of constant wall temperature and fully 

developed flow, Shah and Bhatti (1987) proposed a generalized expression to determine the limiting Nusselt 

number as a function of the characteristic angle: 

𝑁𝑢 = 0.943 [𝛼5 + 5.3586𝛼4 − 9.2517𝛼3 + 11.9314𝛼2 − 9.8035𝛼 + 3.3754]/𝛼5                 (9) 
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Table 5: Final detailed design of section (II) after four iterations 

Stream  No. of 

passages 

New 

surface 

Plate 

spacing 

(m) 

Hydraulic 

diameter 

(m) 

Fins per 

inch 

(𝜂ℎ𝐴) 

(W/°C) 

𝑁𝑢𝑙𝑖𝑚 2𝜃 𝑓 New 

Δ𝑃 

(kPa) 

Permitted 

Δ𝑃 

(kPa) 

H1 426.7 28.69T 0.0065 0.0002751 28.69 8.58 1.623 2.64 1.295 0.10 0.53 

H2 260.9 25.39T 0.0065 0.0003808 25.39 8.80 1.809 3.7 0.0866 1.62 8.0 

C1 687.6 21.17T 0.0065 0.0005565 21.17 8.78 1.71 5.54 0.0222 2.40 0.39 

 

The results show the case of the design using triangular surfaces; however, more work is needed to derive the 

appropriate generalized correlations for other types of surfaces. This concept can be implemented within an 

optimization approach to target minimum exchanger volume and cost. Such work is underway. 

6. Conclusions 

The engineering of secondary surfaces to meet specific heat transfer duties offers new design options in plate-

fin multi-stream heat exchangers. Although the work is at a theoretical level, there are two potential applications 

at the design stage that can be tackled with this approach: the sizing of the unit to required dimensions and the 

flow channel distribution. This paper has covered only the sizing aspect, however, channel distribution despite 

being a design output, it must be refined by operating issues at a later stage. The concept of designing heat 

exchangers to meet specified dimensions is not new but is a challenging aspect in the design of plate-fin 

exchangers. This is an area that has received little attention but in theory, subject to the limitations imposed by 

pressure drop, any shape and dimensions could be achieved by surface engineering. The work presented in 

this paper demonstrates that traditional design simplifications in multi-stream heat exchangers such as uniform 

channel heat load and common wall temperature can be readily attainable if the thermal performance of the 

streams becomes a design objective rather than a design constraint. As mentioned, this can be achieved by 

surface engineering or surface design. Broadly speaking, surface design refers to the specification of the surface 

geometrical parameters to meet specific thermal performance represented by the term (ηhA). The underlying 

assumption that drives the design of secondary surfaces to meet a specific thermal performance is that most 

internal thermal flow paths in multi-stream heat exchangers can be eliminated; for instance, uneven heat load 

distribution, heat load bypassing between streams, etc., the only exception being longitudinal heat conduction.  

One important condition that must be met for effective surface design is that reliable and generalized thermal-

hydraulic correlations for secondary surfaces must be available. This work has shown how a single and simple 

type of surface can be used to meet the design specification and thermal performance in multi-stream heat 

exchangers. The application to larger and more complex problems requires the development of the appropriate 

correlations for other types of surfaces.  
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