SIMPLIFIED SIMULATION OF IEC
SYSTEMS
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Air cooling/heating through a heat

exchanger
t t1,t'-.~)(h.':1ust
1 I
e Fuid 1 : air >
(optional wetting)-———» =——————————————| —-——# (optional water extraction)

«+——Fluid 2: cooler/heater———

t2,e:t:h::|ust I:2,supply
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A wet heat exchanger can be
simulated by substituing a fictitious,
pure and perfect gas to the humid air:

twb, ., twb ox
‘ ______ T e
tz,ex tz,su



The « adiabatic » humidifyer is no
more than a limit case:

Water injection

‘ tw= twb.1.su (If "adiabatic” humidification)
Y
Air -
twb,1,su twb,1,ex=twh,1,su
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The « direct contact » cooling
tower is another limit case:

twh,
tw,su F'y

tw.ex ¥ twb
su



Fictitious specific heat of the perfect
gas substituted to the humid air:

hctex - hct,su

Cp,tct:
twacLex- twacLsu
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« Capacity » flow rates:

Ciet = Ma ct- Cp fct

Cw,ct - Mcht' Cw
Chinfct= Min(Cy oy G o9

Cmax,f,ct = Max ( Ccht’ Ci,ct)

C

= min.f ct

C

Of ct

max, f ct
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Fictitious heat transfer coefficient:

According to the Merckel's theory,
the fictitious 'wet' heat transfer coefficient
can be related to its 'dry’ value as follows:




NTUf,Ct = AUf'Ct

-

c:min,f,ct

and, in the case of a counter flow arrangement,

1 — exp(=NTU;e- (1 = of¢t))
Efct ~

1 —_ (Of,Ct " EXP(—NTUf’Ct (1 = mftCt))

Qet = &t Cmin,f,ci (twetsi— twbctsh
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Water side energy balance:

Qi = Cuet (twetsi— twetel

(if neglecting here the water consumption, in fair approximation)

Reference variables used by practitioners :

approach = ty ctex— twbctsu

range = ty ctsui— twetex
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Combined influences of both water and air flow rates
on the global heat transfer coefficient:

M e [ M. . Pet
= . w,ct , a,ct
AUdry,ct o AUdry,ct,n 3 rr 5 l
.Mw,ct, .Ma,ct

]

Exponents of the heat transfer law:
mg = 0.05 [-]

Neg = 0.6 [-]
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Air state at cooling tower exhaust:

Qg
hct,ex = hct,su *
a,ct
Water consumption:

* *

Myioss = Mact: [Cﬂ‘ct,ex— l5’-"ct,ﬁu)
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Example of cooling tower

Nominal conditions:
Mycin= 8 [ka/s]
M = 12 [ko/s]

wctn

AUgry otn= 15000  [WI/K]
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A Water-air heat exchanger can be
used to pre-cool the air:

F = ' 1

Cooling tower

Heat exchanger
Outdoor air -

I- L
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Thermal resistances on air and water
sides, global resistance and
corresponding transfer coefficient:

m

|(/[ hx
- _ a_hx,
Ra,hx - RaThx,n T
a.hx
M Mhx
- , w_hx,
Rw hx — Rmnhm:,n
w.hx
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Parameters:

Nominal conditions:

Mamxn= 20 [kg/s]

Mw,hx,n = 5 [kg/s]

AUpy , = 50000 [WIK] Inputs:
o o ] Mo = 5 [kg/s]
hx,n — .
AUpy n Mypx = 2 [kg/s]
Ranxn= R;x,n tanxsu™ T outdoor
mp, = 0.8 [-] Ohxsu = ©Doutdoor
R - thn
e 5 N = 08 [ twhxsu™ twctex
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Capacity flow rates and NTU:
éa,hx o I{rfla,h:ac' Cp

Cw=hx - Mw,hx' Cw
CminThx = Min (Cw,hm Ca,hx)
Cmax,hx = Max(CwThx* Ca,hx)

>

O = *minrhx
Cmax,hx

AU
NTU,, = ™

AtiC ))J}f Crnin;hx



Effectiveness (if counter flow) and

! t . L\ )
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water —air heat transfer:

1 — exp(=NTUp, - (1 = opy))
1 - Ohx EXp(—NTUhK - (1 = (l)hx))

€hx

Qpx = &px - Crmn,hx' (tEThJLSU_ twhx,sd

Water side energy balance (gives exhaust water temperature):

Quny = Cw,hx' (twnxex— twhxsd

Air side heat balance (gives exhaust air temperature):

th = Ca,hx' (ta,hx,su'_ ta,hx,e)



Let’s assume that one (or several) fan
coil(s) is (or are) used to cool the
indoor air:

Fan coil l Water

Indoor air -
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Qe = &c * Cringe (tafesr twic,sd

Water side energy balance (gives exhaust water temperature):

Qi = Curc (tyicex twicsi

Air balance (gives the exhaust air remperature):

Qic = Catc (tafesu tatcek Parameter:
'Efc = 0.7 [']
Inputs:

My = 1 [kals]

24 [C]

tafc.su™

Atic \\l/ tW,ft:,su= tw,cttex
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Global system considered:

£ jol—

Cooling tower

Heat exchanger
Outdoor air -

Fan coil Water

Indoor air >
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Uccle hot wave of 2020:

teaml:v [C]
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h [h]




Water temperature at cooling tower
exhaust:

22 :
i h=64
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Thermal powers delivered by cooling
tower, heat exchanger and fan coil(s)

120000 h=64
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Useful cooling power:

4 h=64
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Water consumption:

64

sl
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Specific water consumption in kg/kWh
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Main results at h=64

t; = 20.19 [C] +

o

T
toutdoor = 33.81 [C] Ma,ct = 5 [kg/s] ts = 24.34 [C]
RH o, = 22.86 [% i .
outdoor, [%] Cooling tower A, = 105925 [W]
twb,outdoor = 18.89 [C] .
_ t, =17.74 [C] Qnx = 82219 [J-C/s-K]
tdp,outdoor i [C] Hast axchan 7
: g Qs = 23707 [W]
Outdoor air - :
t; = 33.81 [C] My, ioss = 0.03672 [kg/s]
Y LA Mw\Qf = 5.577 [kg/kW-h
Mw,hx = 2 [K9/S]  Fan coil Water T = ) [kg -h]
Indoor air -
ts = 24 [C] Mw,fc = 1 [kg/s] ts = 18.34 [C]
i

Mu.ct = 3 [kg/s]
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Humidity Ratio

0.024

0.022EF
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0.016 F
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0.004 F
0.002
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Air and water states at h =64

20

Pressure = 101300.0 [Pa]

= h=64

CT air exhaust 25°C

CT water exhaust
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FC air exhaust l
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Conclusions

This is no more than a very preliminary
analysis!

It seems working, even (and mainly) during
hot waves.

But all optimization has still to be performed
with consideration to:

- actual sizings;

-« auxiliary » consumptions (fans and
pumps!)

- Water consumption
- Etc.
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Thank you for your attention
And, if you are interested,...

Patm = [Pa]
toutdoor = [C]

RHoutdoor,%, = 40.17 [%]
twb,outdoor =20.11 [C]
tap,outdoor =|E [C]

Outdoor air
ty =30

ts = 20.34 [C] ¢
Ma,ct =[5 [kg/s] T

Cooling tower

t, = 16.99

Heat exchanger

Catcutate MW,hx =@ [kgls] Fan coil

t;=15.08

Indoor air

=24 L

.

ts = 24.01

Water

5
Mw,ct =

3 [kg/s]
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