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Indicators performance of IEC processes

« |[EC water chiller process
 |EC air cooler process



IEC water chiller processes

* Indicators for cooling performance
« Two efficiencies identified, for air cooler and padding tower, which could be
used to express the outlet water temperature
* the evaporative cooling efficiency n,, and the sensible cooling efficiency n,
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t,: inlet air temperature;

to,ap - iNlet air dewpoint temperature;

ta: air past air—cooler temperature;

tawp: air past air-cooler wet bulb temperature;
tw,r - inlet water temperature;

t, . outlet water temperature.

Thus, t,, could be described as the follow equation:

tw = twyr — Nep * {tw,r - [to,wb —N¢ * (to,wb - to,dp)]}



IEC water chiller processes

« For parallel-connected IEC water chillers
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IEC water chiller processes

« For parallel-connected IEC water chillers
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For parallel-connected |EC water chillers:

When NTU increased,
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For parallel-connected |[EC water chillers: Nev Varies with t, under different t,
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IEC water chiller processes

 Performance of the two efficiencies under different climates under different NTU

For series-connected IEC water chillers:
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For series-connected |IEC water chillers
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IEC water chiller processes

« When NTU Increased,

For series-connected IEC water chillers:
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For series-connected |IEC water chillers
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IEC water chiller processes

* |f only define one efficiency-Dew point temperature efficiency, to express the
cooling performance.

tw,r _ tw

Ndew =
tw,r — tO,dp

Thus, t,, could be described as the follow equation:

tw - tw,r — Ndew * {tw,r - tO,dp}

t,: Inlet air temperature;

to,ap : INlet air dewpoint temperature;
twr :Inlet water temperature;

t, . outlet water temperature.



IEC water chiller processes

« For parallel-connected IEC water chillers
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IEC water chiller processes

» For parallel-connected IEC water chillers, when Ntu of padding increases
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IEC water chiller processes

For series-connected IEC water chillers:
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For series-connected |IEC water chillers

Ngew Varies with t, under different t,
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 Suitable indicators could be found, which varies slightly when
climates changes, that could help us to identify the basic
performance of IEC processes.

» Different process structures, the performance of indicators are
different, while we still expect to found unified indicators.



Indicators discussion for different processes for IEC air coolers

« Just a very preliminary discussion
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Indicators definition

» Dew-point effectiveness

Dew-point effectiveness is the ratio of the temperature difference between the inlet and outlet
product air to the difference between the inlet product air’s dry bulb and inlet working air’s dew
point temperature.

tp,db,in iR tp,db,out

tp,db,in - tp,dp,in
> Energy efficiency

Energy efficiency, known as ‘coefficient of performance (COP), is the ratio of the cooling
capacity of the IEC to the power consumption of the system.

g _ pra(troom - tp,out)

COP =
w 74

» Water evaporation rate
Water evaporation rate is equal to the volume of the moisture increase in the working air
during its indirect cooling operation.

V
V. = ps,f s,out(
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tp in 4 Ws,out
)
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y N
|
Ws,in
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Indicators varies with outdoor humidity ratio

» As the humidity increases, the COP of each process decreases > As the humidity increases, the .4, of each process increases
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Indicators varies with outdoor humidity

» As the humidity increases, the Water evaporation rate of each » As the humidity increases, the Water consumption efficiency of
process decreases process 1,5 increases, process 2,3,4 decreases
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Indicators varies with outdoor temperature

» As the temperature increases, the COP of each process decreases
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Indicators varies with outdoor temperature HULRALR.

> As the temperature increases, the Water evaporation rate of each > As the humidity increases, the Water consumption efficiency of

process increases process 1 increases, process 2,3,4,5 decreases
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* When the indicators changes largely with climates, we could get
some fitting formulas to describe the change and used to
predetermine the performance under different climates.

* The comparison results of different processes could be
changed under different climates.

 Further discussions are needed to be carried out.
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