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ABSTRACT

Plate heat exchangers (PHE) are modular units composed of corrugated
stainless steel plates. Flow is turbulent under typical operating
conditions. It is shown that both the conventional transport analogies
apply approximately for PHE’s: |

- Chilton-Colburn
f/7 = constant
- Calderbank energy
dissipation analogy J Re = constant ( fRe3) 74

These expressions lead to a simple first-cut design procedure for plate

heat exchangers. They also provide a theoretical framework for the concept
of the © value or "hardness" of a particular plate.
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INTRODUCTION

The plate heat exchanger (PHE) 1s a modular unit based on a pack of
corrugated plates which are clamped together in a frame. The flow channels
are formed by the consecutive plates and peripheral elastomeric gaskets.
Fach plate has four corner ports and the gaskets are so arranged that the
two process streams pass through alternate channels. Several different
flow configurations are possible but the U-arrangement (Figure 1) is
preferred. It allows all connections to be on one side thus obviating the

need for disconnecting pipework for inspecting and cleaning purposes. It
also features a more even flow distribution to the flow channels (1).
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Figure 1. Plate heat exchanger flow configurations.

In a previous study a simplified model for a U-type PHE was developed ( 2)
The model is based on the following idealization:

- Constant heat transfer coefficient

- No heat loss to surroundings

- Negligible fouling and wall resistances
- Equal flow distribution to channels

- True counter current flow

- Single pass on each side with equal number of channels
-~ Pressure drop in manifolds neglected

In terms of this simplified model suitable combinations of the base
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dimensionless numbers (Re, Jj, f) attain physical significance in terms of
the exchanger dimensions of plate length, total surface area, cross
sectional free flow area etc. (See Table 1 and Figure 2) This model is
therefore a valuable conceptual tool allowing the design engineer to
develop intuitive insight regarding the effect of exchanger size on
performance. Presently this model will be used to generate a "short-cut"
design procedure for U-type PHE’S.

Figure 2. Simplified model of a Plate Heat Exchanger (2). A pack of
channels per stream is equivalent to a single channel with
width W = nwp.













Figure 4. Plot of & (equation (4)) versus Re for CSIR plate patterns.
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For the discussion to follow it is now convenient to assume (without loss

of generality) that stream 1 is the pressure drop limited stream i.e:
provided that the pressure drop constraint on stream 1 is met, we will
also have: |

AP, = AP /F
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AP, (13)

This means that the heat exchanger design constraints have now been
reduced to:

ntl.'ll 2 ntulf min
= NTU_. [ 1+F] (14)
< |

&Pl < &Pl, — (15)

The surface area of the exchanger can be determined from the heat
transfer-energy dissipation analogy:
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This shows that:
- Surface area scales linearly with mass flow rate as expected.
- Surface area scales with the cube root of the equivalent
diameter.
- Surface area requirements decrease with increasing pressure drop

and decreasing ntu.

This implies that the optimum surface area will be the same for all our
plates (recall C = constant and same for all patterns) and given by:
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Implied in this equation is the design freedom to vary plate length and
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The optimum plate pattern can be determined by matching "plate hardness"
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B 6,. 8
o, = 3,48 & (L'/d,)

with the €, value of the application:
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_= 2
O = nt]'11,,111.{1!1 %y (Tlapl,max Mq)

where the subscript 1 refers to property values for the pressure drop
limiting stream.
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GREEK SYMBOLS

corrugation inclination angle to

main flow direction | | rad |
thermal effectiveness q/C . (T; - t.) | | =%
fluid viscosity [ Pa.s ]
fluid density Z kq/m3]
constant, equation (4) =]
stream "hardness" factor, equation (19) [ mﬂz/ 5]
plate "hardness" factor, equation (20) [ mﬁg/ 5]
SUBSCRIPTS
in 1 pressure drop limited stream
out 2 other fluid stream
. |
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