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Ventilation systems tasks:

Thermodynamic air treatment
— Heating
— Cooling
— Humidification
— Dehumidification




Ventilation systems tasks:

Thermodynamic air treatment
Example of a ventilation system (supply air)
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Ventilation systems tasks:

Transport of air
— fan
— motor
— drive
— control
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Energy demand in ventilation systems

e Air treatment

* heating/cooling/de-/humidification

 Air transpo
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Power consumption :

P.=V-:Ap-1/n, $
P, absorbed power consumption [KW]'
Y% air flow [m3/s]

Ap pressure losses of the system [Pa]

Ns system efficiency [./.]

Ns=Nr°*Nm°Np°Nc

fan * motor  drive ¢ control



DIN EN 13779

Ventilation system non-residential

General requirements and measured values

specifische fan power (SFP)

Psep specific fan power [W/(m?3/s)]
Psep = ?t = APfan Pinput electric power consumption [W]
v Notal dv air flow rate [m?/s]
APsan total pressure [Pa]
Ntotal system efficiency [-]



Specific Fan Power

application default value
EXH without HR SFP 2
EXH with HR SFP 3
SUP without HR SFP 3
SUP fullAC SFP 4

EN 13779: 2007

cate- Psrp Apran [Pa]

goriy W/(m¥/s) N total 0,55 N tota 0,65
SFP1 |< 500 275 325
SFP2 |< 750 410 485
SFP3 |<1.250 685 810
SFP4 | <2.000 1.100 1.300
SFP5 | <3.000 1.650 1.950
SFP6 | <4.500 2.475 2.925
SFP7 | >4.500

for specific components (e. g.
HEPA-Filter, HRS H1 or H2) is a
use of additional SFP possible.




Additional fan power
EN 13779: 2007

component add. Pgep  [WI(mM3/s)]
1 add. filterstage + 300
2 HEPA filter +1.000
3 gasfilter + 300
4 HRS class H2-H1 + 300
5 high capacity cooler + 300




Air velocity classes
EN 13053: 2012

class velocity in m/s
V1 <1,6m/s
V2 <1,8m/s
V3 <2,0m/s
V4 <2,2mls
V5 <2,5m/s
V6 <2,8m/s
V7 <3,2m/s
V8 < 3,6 m/s
V9 > 3,6 m/s




Electric power consumption fans

European Commitiee for Standardization
Comité Européen de Normalisation
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Power consumption classes

EN 13053: 2012

class powerconsumption related to Pm,
P1 < Pm,,*0.85
P2 < Pm,*0.90
P3 < Pm,*0.95
P4 < Pm.* 1.00
P5 < Pm,,* 1.06
P6 <SPm° 1.12
P7 >Pm - 1.12




Energy efficiency

e reduction of components (e. g. drop eliminator)

e hybrid components (humidifier)

e bypasses in components




Energy efficiency

Internal pressure losses
components (example hybrid humidifier)
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separate integrated
humidifier contact humidifier

(hybridsystem)



Energy efficiency

Internal pressure losses
face velocity (example HRS — CC-System)

Pressure losses temperature efficiency
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Energy efficiency

Internal pressure losses
arrangment of components




Filter stages

Single stage
—first stage F7 (80 % at1 um)
— better protection of the AHU
—reduction of pressure losses
—reduction of AHU lenght

Two filter stages
—first stage F7 (80 % at 1 um)
—second stage F7 = efficiency (F5/ F9)
—reduction of pressure losses



Efficiency in %
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Cooler

Suction side C v
_ use with dehumdification I @
—fan waste heat used to rewarm
—finspace e. g. 2,5 mm

i V
Pressure side

C
—use with a ,dry” cooling @ I

—fan waste heat before the coller
—bigger average log. temperature difference




Air transport

Power
mechanical

PN _ I/pt

= :I/.-pf
NF - 1p

electrical

Fy=U-1-N3-cos -nyny  Fe=U-1N3-cos -fmy-n, R =U-/N3:C0S Ny y-lp Ny



Air transport

Power
mechanical

Pm: I/pt PM: fo PN th
e MMy Mg

electrical Motor:

Pm:U-I-\B-cos PM=U-/-J§-003 Ny, PN=U-/-J§-cos e My



Air transport

Power
Systemefficiency ng,




Air transport

Example:




Air transport

Fan
Types

Axial with or Radial with Radial without
without a casing a casing a casing




Air transport

Radialfans
Fan
Overview
Direct driven
] |
Belt driven with or without
a casing
Forward backward Forward backward
curved curved curved curved
Motor inside Motor external




Pa Leistungsdaten in Genauigkeltsklasse 2 nach DIN 24 166 Performance data to DIN 24 166 Class 2

Air transport ..

Fan
Selection 0
characteristics o
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Fan concepts




Energy efficiency

Internal pressure losses
inlet losses (example fan with a spiral housing)

2APey = 1,9-4,5 - Pgyn




Energy efficiency

Internal pressure losses
inlet losses (example plugged fan without a housing)

ZApEV — 0,5 = 1,5 ° pdyn




Energy efficiency

Internal pressure losses
potential of plugged fans compared to spiral fans
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Energy efficiency

Internal pressure losses
guide vane at a axial inlet situation

efficiency « turbulence ~
DE 101 21 940



Air transport

Internal pressure losses
practice:

10.000 m?h transported in a AHU against
a stat. pressure of pg,: =1.171 Pa

given: Ny = 80,5 %:; belt drive
impeller diameter D = 400 mm
outlet area 501« 501 mm

Ny = 88,3 %
Ng = 94,0 %
ZApEV = 3’0 * pdyn

asked: motor power P,



Air transport

Internal pressure losses
solution;

Ar =0,501-0,501=0,251 m?

Wear outlet = 10.000 / 3.600 / Ag = 11,07 m/s

Payn =P/2°w2  =0,6+11,072 = 74 Pa

Apgy = 3+ 74 =222 Pa

0 = Pyt + APey = 1171 + 222 = 1.393 Pa

Py =V *p,/ (M Nk) = 10.000 / 3.600 + 1.393 / (0,805 + 0,94)
= 5,113 KW




Air transport

Power
given:
10.000 m?h in a AHU against a pressure drop of
p; =1.200 Pa.
Nerw = 71,0 %; direct driven
Impeller diameter D = 630 mm
Impeller width b =201 mm
nu = 88,3 %
N = 97,0 %
calculate: Motorpower Px

Systemeff. Nsyst.
absorpt motor power P,



Air transport
Power
solution:
Agr=Den+b = 0,3978 m?
Wimpeller =10.000/ 3.600 / A = 6,98 m/s

Payn =P/2+w?  =0,6+6,982=29 Pa
Petat = 1.200-29 =1.171 Pa

Py = Ve Pstat / Nia = 4,981 KW ; choosen motor 5,5 KW
n=Vep /Py =728%

r]Syst. =Nu°*Ni* N = 0,883 0,728 « 0,97 =624 %
Pn=p*V/ngg =1.200+10.000/3.600/0,624 = 5,342 KW




Air transport
Internal pressure losses
solution:
Ar=Den*b =0,3978 m?
We outiet =10.000/ 3.600 / A; = 6,98 m/s

Poyn=P/2°+w?> =0,6+6,98>=29Pa
Petat = 1.200-29 =1.171 Pa
I:)N =V pstat/ N = 4,581 KW

choosen motor 5,5 KW



Air transport

Motor
Types

AC

Rotary current
with 3 phases
alternating current

EC

electric
commutaded
continuous current

PM
permanent
magnet Motor




Air transport

Motor

Efficiencies (example n = 1.500 1/min)

Power

1,1 KW
2,2 KW
4,0 KW
7,5 KW
55,0 KW

|IE2

77,0 %
82,0 %
85,0 %
87,0 %
93,5 %

IE3

84,0 %
86,5 %
88,5 %
90,3 %
95,1 %



Motors

in% 400

0 500 1000 1500 2000 2500 3000 3500
Motorpower in W



Air transport

Drive
Coupling fan / motor
overview )
Drive
Direct driven Belt driven
Internal motor External motor Internal motor Belt- Flat belt-
impeller direct impeller with drive drive
mounted Shaft mounted A clutch




Air transport

Drive
Coupling fan / motor

indirect direct
via belt
(standard or flat belt)




Air transport

Drive
Coupling fan / motor

- Waste power:
: standard belt
£ 1000 3-12%

; flat belt
3 249
100

400

Berechnungsleistung



Air transport
Control
Air flow
speed control pressure control
e. g.via e. g.via
frequency inverter dampers

power
losses:

3-5%




Energy efficiency

Proportional law

Air flow

Pressure

Power consumption
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Energy efficiency

. 2, .
Air flow rate-measuring device Vege 30T /2 Ap
P

effective pressure to air flow 4

Eff. pressure in % to nominal pressure
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Energy efficiency

Proportional law

given.

V, =10.000 m3/h transported with a air handling unit against
py = 1.200 Pa with a speed of n,; = 1.783 min-'.
The absorbed motor power is Pm, = 5,7 KW.

calculate: Parameter p;,, n,, Pm,
at a reduced air flow of 80%

(V,=8.000m3/h).



Energy efficieny

Proportional law
solution:

n, =(V,/V,)*n, =(8.000/10.000)+ 1.783 = 1.426 min"’
(-20,0% )

0 = (Vy/ V)2 py = (8.000/10.000)2 + 1.200 = 768 Pa
(-36,0%)

P,=(V,/V,)3+P, =(8.000/10.000)2 + 5,7 = 2,92 KW
(-48,8% )
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