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Indicators performance of IEC processes

• IEC water chiller process

• IEC air cooler process



• 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 ηev and the sensible cooling efficiency ηc

IEC water chiller processes

 

𝒕𝒘,𝒓

𝒕𝒐

𝒕A

𝒕𝒘

𝜂𝑐 =
𝑡𝑜 − 𝑡𝐴
𝑡𝑜 − 𝑡𝑜,𝑑𝑝

Sensible cooling efficiency：

𝜂𝑒𝑣 =
𝑡𝑤,𝑟 − 𝑡𝑤
𝑡𝑤,𝑟 − 𝑡𝐴,𝑤𝑏

Evaporative cooling efficiency：

𝑡𝑜: inlet air temperature;

𝑡𝑜,𝑑𝑝 : inlet air dewpoint temperature;

𝑡A: air past air−cooler temperature;

𝑡𝐴,𝑤𝑏: air past air−cooler wet bulb temperature;

𝑡𝑤,𝑟 : inlet water temperature;

𝑡𝑤 : outlet water temperature.

𝑡𝑤 = 𝑡𝑤,𝑟 − 𝜂𝑒𝑣 ∗ 𝑡𝑤,𝑟 − 𝑡𝑜,𝑤𝑏 − 𝜂𝑐 ∗ 𝑡𝑜,𝑤𝑏 − 𝑡𝑜,𝑑𝑝

Thus, 𝑡𝑤 could be described as the follow equation: 

η and η are influenced by t and t and t . 



• For parallel-connected IEC water chillers

IEC water chiller processes
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IEC water chiller processes

• For parallel-connected IEC water chillers
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When NTU increased,
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When NTU increased,
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• Performance of the two efficiencies under different climates under different NTU

IEC water chiller processes

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

For series-connected IEC water chillers:
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• If only define one efficiency-Dew point temperature efficiency, to express the 
cooling performance.

IEC water chiller processes

𝜂𝑑𝑒𝑤 =
𝑡𝑤,𝑟 − 𝑡𝑤
𝑡𝑤,𝑟 − 𝑡𝑂,𝑑𝑝

𝑡𝑤 = 𝑡𝑤,𝑟 − 𝜂𝑑𝑒𝑤 ∗ 𝑡𝑤,𝑟 − 𝑡𝑂,𝑑𝑝

Thus, 𝑡𝑤 could be described as the follow equation: 

𝑡𝑜: inlet air temperature;
𝑡𝑜,𝑑𝑝 : inlet air dewpoint temperature;
𝑡𝑤,𝑟 : inlet water temperature;
𝑡𝑤 : 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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• 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

Process 1 Process 2 Process 3

Process 4 Process 5

Basic process

Supply airInlet air

Exhaust 
air

Cycled water



1919
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𝑡𝑟𝑜𝑜𝑚

parameter

parameter design value

air supply volume flow
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3/ℎ
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inlet air volume flow
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3000/k 𝑚3/ℎ
(4300-7200）

air volume flow
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3/ℎ

(𝐺𝑎1−𝐺𝑎) 𝑚
3/ℎ

𝐴𝑖𝑟 𝑚𝑎𝑠𝑠 𝑓𝑙𝑜𝑤

𝑊𝑎𝑡𝑒𝑟 mass flow
4

capacity of heat 

exchanger
NTUex=3

capacity of padding NTUpadding=2

𝐺𝑎1

𝐺𝑎2k=
𝐺𝑎

𝐺𝑎1
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➢ 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.

𝜀𝑑𝑝 =
𝑡𝑝,𝑑𝑏,𝑖𝑛 − 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.

𝐶𝑂𝑃 =
𝑄

𝑊
=
𝜌𝑓𝐺𝑎 𝑡𝑟𝑜𝑜𝑚 − 𝑡𝑝,𝑜𝑢𝑡

𝑊

➢ Water evaporation rate

Water evaporation rate is equal to the volume of the moisture increase in the working air

during its indirect cooling operation.

𝑉𝑤 =
𝜌𝑠,𝑓𝑉𝑠,𝑜𝑢𝑡

𝜌𝑤
𝑤𝑠,𝑜𝑢𝑡 − 𝑤𝑠,𝑖𝑛

𝑡𝑝,𝑖𝑛

𝑡𝑝,𝑜𝑢𝑡

𝑡𝑟𝑜𝑜𝑚

𝑤𝑠,𝑜𝑢𝑡

𝑤𝑠,𝑖𝑛

Indicators definition



➢ As the humidity increases, the COP of each process decreases

2121

y = -3.9737x + 25.932

y = -2.6052x + 15.855

y = -2.62x + 14.386

y = -3.1654x + 19.06

y = -3.0104x + 18.448
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y = -0.0014x2 + 0.0476x + 0.567

y = -0.002x2 + 0.0436x + 0.5741

y = -0.0012x2 + 0.0423x + 0.4917

y = -0.002x2 + 0.0431x + 0.5696

y = -0.0013x2 + 0.0454x + 0.5356
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➢ As the humidity increases, the 𝜀𝑑𝑝 of each process increases

Indicators varies with outdoor humidity ratio
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y = 0.036x2 - 4.1736x + 32.669

y = 0.0612x2 - 3.0073x + 35.194

y = 0.0669x2 - 2.2878x + 25.913

y = 0.0551x2 - 3.4318x + 39.806

y = -2E-14x2 - 1.9749x + 23.405
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➢ As the humidity increases, the Water evaporation rate of each 

process decreases

Indicators varies with outdoor humidity

y = 0.0149x2 - 0.0127x + 0.5874

y = -0.0009x2 + 0.0008x + 0.744

y = -0.0018x2 + 0.012x + 0.6465
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0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

8 10 12 14 16

W
at

er
 c

o
n
su

m
p
ti

o
n
 e

ff
ic

ie
n
cy

Humidity (g/kg)

1 2 3 4 5

➢ As the humidity increases, the Water consumption efficiency of  

process 1,5 increases, process 2,3,4 decreases
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y = 0.0966x2 - 2.9609x + 21.907

y = 0.068x2 - 1.9726x + 13.245

y = 0.0969x2 - 3.0802x + 14.847

y = 0.0781x2 - 2.4589x + 16.115

y = 0.0889x2 - 2.772x + 16.974
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y = -0.0008x2 + 0.0189x + 0.6485
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➢ As the temperature increases, the COP of each process decreases ➢ As the temperature increases, the 𝜀𝑑𝑝 of each process increases

Indicators varies with outdoor temperature
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y = 0.0394x2 + 3.1786x + 10.555

y = 0.1347x2 + 4.6433x + 11.589

y = 0.164x2 + 3.3158x + 8.1698

y = 0.0661x2 + 5.4044x + 13.238
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➢ As the temperature increases, the Water evaporation rate of each 

process increases

Indicators varies with outdoor temperature

➢ As the humidity increases, the Water consumption efficiency of  

process 1 increases, process 2,3,4,5 decreases
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在此处键入公式。



• 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.



Thank you very much 
for your attention!


