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BALANCED & UNBALANCED FLOW EFFECTS ON EFFICIENCY
The thermal efficiency of a heat exchanger ETA is defined as the ratio of the heat transferred from the air stream on one side to that of the other side, divided by the maximum potential for heat flow based on the temperature difference between the two inlet flows. This is straight forward when these flows are equal, termed balance flow. That is why when comparing or specifying the efficiency of heat exchangers this should always be made under balanced (equal flow) conditions. 
For balanced flow conditions, thermal efficiency can simply be calculated as the ratio of the temperature difference on either side, divided by the temperature difference of the two inlet flows. This temperature difference ratio is termed temperature effectivity ETAT. From conservation considerations ETAT of either side will be equal and will equate to the thermal efficiency, which is a heat flow ratio.
                   HOT SIDE AIR FLOW
TIN    (                  TOUT    (
--------------------------------------------------
   ( TOUT                                   ( TIN 
                   COLD SIDE AIR FLOW
BALANCED FLOW THERMAL EFFICIENCY
ETA = ETATHOT SIDE  =  (TIN - TOUT)HOT SIDE  / (TIN HOT SIDE - TIN COLD SIDE) = ETATCOLD SIDE 
However when reducing the flow of one side (unbalanced flows) then ETAT for each side will be unequal and we can easily show that their ratio will be inversely proportional to the flow rate ratio. The higher of the two ETAT (that for the low flow side) will equate to the thermal efficiency of the unbalanced heat exchanger. This of course applies for all forms of heat exchangers e.g. plate, tube-in-shell or rotary.

UNBALANCED FLOW THERMAL EFFICIENCY
ETA = ETATLOW FLOW SIDE  

(Thermal Efficiency)
ETATLOW FLOW SIDE/ETATHIGH FLOW SIDE = QMAX L/S/QMIN L/S     (Effectivity ratio; Air Flow ratio)
When one flow is reduced (unbalanced flow), then the low flow side of the heat exchanger defines its efficiency because 100% efficiency occurs when the low flow exit temperature equates to the high flow inlet temperature. When this is achieved no further heat transfer can occur.

From energy conservation considerations the energy transferred from either flow must be equal. So we can calculate this heat flow by considering either the high flow or low flow stream. However when considering the maximum energy transfer potential, we saw above, that this can only be calculated from the low flow stream because as explained, no further heat transfer is possible. That is why efficiency for unbalanced flow is defined as the ratio of heat transferred divided by the maximum potential for heat flow based on the temperature difference between the two inlet flows calculated at the flow rate of the low flow side.
ROTARY HEAT EXCHANGERS PTY LTD

It therefore follows that we can theoretically increase the efficiency of a heat exchanger by increasing the flow on one side, which will obviously increase heat flow, even in an inefficient balanced flow heat exchanger, while the maximum potential for heat flow (the denominator value) remains unchanged.

This is clearly illustrated in the classic  Kays & London "Compact Heat Exchangers" textbook which can be found revisited in most similar texts, where a theoretically derived non-dimensional performance chart is given for a heat exchanger increasing in surface area size and for different flow conditions ranging from balanced to unbalanced. The following figure is for the case of a parallel flow plate heat exchanger.
PARALLEL FLOW HEAT EXCHANGER
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Parallel flow Efficiency curves are shown for unbalance non-dimensional ration Cmin/Cmax (minimum flow/maximum flow) ranging in values from 1 for balanced flow to 0.1 for a ten fold unbalance. The curve for balanced flow is the lowest, Cmin/Cmax = 1 curve which asymptote to 50% efficiency. All the other curves are for unbalance flow from 0.1 or 10 times unbalance. The imbalanced flow parallel exchanger approaches the behaviour of the counterflow exchanger with efficiency asymptoting to 100% for large exchangers as shown in the following figure for counterflow from Kays & London.

COUNTER FLOW HEAT EXCHANGER
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The reason that the ideal parallel flow heat exchanger of maximum size and balanced flow can theoretically only reach a thermal efficiency of 50% is that the temperature difference between the flows is maximum at the inlet and both temperature difference and heat transfer progressively decrease with both flows approaching the average of the inlet temperatures at the outlet. Therefore the temperature change of either flow cannot be more than half the difference between the two inlet temperatures. In other words the average of two numbers is half their sum which results in an efficiency of 50%.
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However if the flow on one side is progressively increased the performance chart clearly shows the thermal efficiency curves increasing towards an idealised 100% at infinite heat exchanger size. This increased performance with unbalanced flows, is also shown by Kays & London to occur in other flow arrangement heat exchangers such as counterflow and cross flow exchangers. This shows how easy it is to make an inefficient balanced flow heat exchanger appear to be more efficient by unbalancing the flows.
FLOW ORIENTATION
We have in general depicted a heat exchanger by two air flows of different temperatures separated by a thin wall. The hot stream transfers heat to the cold stream through the thermally resistive thin wall. This is typical of plate heat exchangers where alternate hot and cold flows are separated by plates and the two flows enter alternative plates. 
PARALLEL FLOW

In this case both hot and cold flows enter from the same side and travel in a parallel direction. The ideal parallel flow heat exchanger of maximum size and balanced flow can theoretically reach a thermal efficiency of no more than 50%. This orientation results in the worst possible heat transfer performance.
COUNTER FLOW

In this case the hot and cold air streams enter at opposite ends. This allows an even and fairly constant temperature difference and heat transfer throughout the heat exchanger. This orientation is the optimum for high heat transfer performance. This orientation is the only way of achieving over 90% balanced flow efficiencies in the real world. 
CROSS FLOW

Theoretical performance of cross flow is better than parallel flow but not as good as counter flow.

RUN AROUND COIL

This is where a separate heat exchanger of a radiator design, is placed in each air stream with a secondary heat transfer liquid pumped through them to transfer heat between the hot and air stream usually spatially separated. Due to the many heat losses involved and the lower efficiency of the individual radiators, the overall efficiency of this system is generally even lower than the parallel flow heat exchanger with values of around 30% expected.

PLATE vs ROTOARY

A rotary heat exchanger is the only form of heat exchanger that can achieve high performance in a short heat transfer distance, the width or thickness of its rotor. This is because it is in counter flow throughout the heat exchanger and furthermore it enhances normal heat transfer by the mechanical rotation of the heat exchanger rotor. It is practically impossible to make a fully counter flow plate exchanger. 

Most plate exchangers are cross flow and some introduce a small section of counter flow for performance improvement. The fact that rotary exchangers complete their heat transfer in a small fraction of the distance travelled by the air streams compared to plate exchangers, up to a factor of 10, is indicative of the higher efficiency and lower air flow resistance pressure drop expected from rotary exchangers. Plate exchangers are up to 10 times deeper and take up to 10 times more volume space than plate exchangers having similar performance. This also makes them practically impossible to clean so that air filtration becomes critical and if neglected may require the replacement of the clogged exchanger as well as in some cases voiding warranty. 
As the rotary heat exchanger is dependant on a rotating rotor which collects heat on the hot side and delivers it on the cold side, thermal properties, rotational speed and design of the rotor matrix are critical to good performance as well as minimising seal leakage and rotor carryover mixing of air streams. This introduces further issues that we need to examine critically when comparing heat exchangers.
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CARRYOVER MIXING IN ROTARY HEAT EXCHANGERS
When we mix an equal amount of hot air with cold air the result is air at a temperature which is the average of the two. This same temperature could have been achieved by passing the two air streams through a heat exchanger of 50% thermal efficiency. We will not be able to tell the difference by temperature measurement alone. Since a rotary heat exchanger with significant amounts of carryover mixing of fresh with exhaust air, and rotor leakage, the measured performance will be a combined result of heat transfer and mixing. 
The measured performance even in a laboratory will be artificially enhanced by the mixing. That is why a negligible carryover thin rotor rotating at a low speed and with positive rubbing rotor seals, is much more preferable than a fat rotor rotating at a high speed, creating a large amount of carryover which may need to be purged with extra fresh air fan power usage.
Purging is the process of increasing the fresh air flow sufficient to allow a purge flow rate of fresh air through a small segment of the rotor which virtually renders that segment ineffective for heat transfer. This purge flow is immediately blown away on the exhaust side of the exchanger. The measured (artificially high) performance without purge is lowered significantly as a result of purge. It is not uncommon to have 5% carryover in deep rotors (well over 100mm) running at high speeds (around 45 rpm) requiring a purge flow of 5% of the through flow which may reduce the performance by 10%..
USING SENSIBLE HEAT RECOVERY NOT TOTAL OR ENTHALPY FOR POOL APPLICATIONS
It is important to distinguish between a sensible heat and a total heat exchanger. A total or enthalpy heat exchanger, transfers both water vapour as well as sensible heat. This is usually done by adding a moisture sorbing or desiccant compound to the neat exchanger matrix, whether it’s a plate or rotary exchanger. A sensible heat exchanger only transfers sensible heat without transferring water between the streams.
Why would we want to do this?

Take a humid and hot tropical environment where it's humid outside and dry and cooler inside the building. We would not want the humid fresh air to bring the moisture into the building. So a total heat exchanger would both cool and dry the fresh air by utilising the cooler and dryer building exhaust air. So we have the advantage of keeping the building dry and the added dehumidification function of the heat exchanger can increase its energy transfer efficiency substantially. You can think of the exchanger as being analogous to an electrical diode, not allowing the outdoor moisture to enter the building thus maintaining dry conditions indoor. 
However indoor pool environments are much more humid than outdoor conditions and they required fresh dry air to replace the contaminated humid indoor air. A total heat exchanger would not allow the indoor moisture to escape the pool hall building. For this reason it is most important that indoor pool applications only use sensible heat exchangers and not total heat exchangers.
Bill Ellul  BE(Hons), MAIRAH, FIEAust
Managing Director

www.rotaryheat.com 







1

_1533982346.pdf
HEAT EXCHANGERS = °

Parallel-Flow: Exchanger Performance
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Counterflow Exchanger Performance
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