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Configuration of plate exchangers

Double plate exchanger (Counterflow configuration)
Diagonal Aligned
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Heat recovery classes (new)
EN 13053 : 2012

Transfer efficiency

Thermal efficiency

COP ¢ =




Heat recovery classes (new) @ :
EN 13053 : 2012

Electric power consumption (HR)

Po =V +Apyg+1/0+ Poyq

P Elektric power consumption [KW]

V air flow [m?/s]

Apyr Pressure losses of HR Supply- and exhaust air [Pa]
n System efficiency fan drive [./.]

P_.4q additional auxiliary energy (e. g. pumps, etc.)



Heat recovery classes (new) C

EN 13053 : 2012 - mm%"m:“m
Total efficiency Q- P,
Energetic efficiency n= :
Qp
1-P,/ Qur 1-1/¢
n= : : =

N=®e(1-1/e)=d«(1-Py/Qug)



Heat recovery classes
EN 13053 : 2012

[European Committee for Standardization

Comité Européen de Normalisation

HR classes n [%] D [%] € AP [Pa]
H1 71 75 19.5 2 x 280
H2 64 67 21.2 2 x 230
H3 55 Y 24 .2 2x170
H4 45 47 27.3 2x125
H5 36 37 26.9 2x100
H6 < 36

Values based on EN 308: t,, =+ 5°Cund t,; =25 °C
Values are reference values and only valid for this

operating point







Coupled heat exchangers




Coupled heat exchanger

Heat exchanger 1
NTU,, = (k * A), / W,
“11 - W1 /Wu

Dy =(91-9,7)/(847-841)



Coupled heat exchanger

Heat exchanger 2
NTU,, = (k *A), / W,
“22 - W2 / VVu

D,y = (8,°-9,7) /1 (857~ 95)



Coupled heatexchanger

For the system takes effect
Dot = (827-827) /(847 35)

Moot = W /I Wy =17 gy



Coupled heatexchanger

Dimensionless temperature change of
the system

1 /q)ZtOt =1 /q)22 + 1 /CD'H * IJZtOt_ Moo
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Temperaturediagram with ETA = 0.8
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Temperaturediagram with ETA = 0.8
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Temperaturediagram with ETA = 0.6
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Coupled heat exchangers

With optimal circulation flow:
1/ (KeA)yg=1/(k*A);+1/(k*A),
With balanced air flow:

“29es = W1 /W2 =1



Coupled heat exchangers

with:

Hig = My =1
Total efficiency



Outlet header -= X

Emptying

T‘ Inlet header
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Thermal efficiency in pure counter current
® =(1-elli=-DNTUT)/(1—p +el®i-D:NTUI) pej
® =NTU/ (1 +NTU)
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Thermal efficiency in pure continuous current
q)i = (1 — e [=NTUj« (1+p)] )/(1 + Ui)
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Thermal efficiency in pure cross current

1/®,=1/(1-el=NUil)+ /(1 -el-F NTUI)_ 1/ NTU, )

Phi

1,00
0,90
0,80
0,70
0,60
0,50
0,40
0,30

0,20

0,10

0,00 -

Cross current

/ i — ———
/ — —
Cd /
e
, I - =
v =0
7 — = 0’25
7 —— b=0,50
—| | = 0,75
— | = 1,0
0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5




Thermal efficiency in pure counter current
® =(1-elli=-DNTUT)/(1—p +el®i-D:NTUI) pej
® =NTU/ (1 +NTU)
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Pressure drop Efficiency
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" HOCHSCHULE TRIER

TeSt resu |tS Umwelt-Campus Birkenfeld

24 rows
aligned tube arrangment 68 % at 2.5 m/s 74 % at 1.5 m/s
3 stages with 300 mm depth 285 Pa 130 Pa

24 rows
staggered tube arrangment 73 % at 2.5 m/s 77 % at 1.5 m/s
3 stages with 300 mm depth 367 Pa 167 Pa

Zentralschweizerisches

Technikum Luzern W
Ingenieurschule HTL A &
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Indirect hybrid
evaporative cooling
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Indirect hybrid
evaporative cooling
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Indirect hybrid
evaporative cooling
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Indirect hybrid
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COP
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Indirect hybrid

evaporative cooling
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Indirect hybrid
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HRC Supply side

Integrated cooling
Brine in Brine out

21.4°C 28.8 °C
(29.3) °C
« Supply < Fresh air

'a7 gi 69 P2 37 gik 278p 119 gk
i 17.0 kW e 88.2 kW S
Heating Dehumidifying cooling
« Evaporative cooling 35.7 kW
* Recovery dehumidifying cooling 17.0 KW
 Additionall cooling 35.5 kW
* Air flow 10.000 m?/h

M 53



Indirect hybrid

evaporative cooling
Refrigeration wast heat

—><—e
26° Extract 27° Exhaust
’—M—
Fi %
¢ Switch Valve
- refrigeration
«— Power Control

Cooling Indirect

SO
] ‘ feeding
16LI I 32° Outside
1g 12 g

heating dehumidifying

17° Supply
Mg

integrated cooling recovery M 54



Indirect hybrid
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