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|EC : Water Chiller Installation

As there are no installations of this type in Belgium, we will analyse an existing
installation in China, which was the subject of a presentation in annex 85, by the

Department of Building Science and Technology, Tsinghua University, Beijing 100084,
China.

The water chiller is an evolution of "free-chilling" technology well known in Belgium.

To determine the characteristics and performance of the water chiller, we will use the
EES calculator to simulate the system under different conditions
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Diagram IEC Water Chiller

Exhaust air

tiw, AU, ex thw sower.su ﬁ Alf Ten

ll(NDﬂﬂ hmpﬂwdﬁx

Fresh air

il ddddddddd
d lddddddddd
il ddddddddd

fresh air

tiw.tower,ex Water pump

Users water

The chilled water produced by the indirect evaporation chiller is first used to feed indoor
terminal units, such as fan coil units or radiant ceilings, to absorb the heat and maintain
the indoor temperature in the premises. The water leaving the terminal units then used
to feed an outdoor air handling unit (AHU) to pre-cool the fresh air, and finally the water
leaving the fresh air cooler returns to the cooling tower.
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Specifications

Designed conditions of the indirect evaporative chiller. ¢, 5., = 1005)/kg.K ¢, = 4187J/kgK c,,, = 1820J/kg.K

Atmospheric ~ Inlet air flow ~ Userwater ~ Freshair flow Pre-cooler  Cooling tower  Indoor fan-coil ~ AHU air cooling
pressure (kPa) rate (kgfs)  fowrate(kgs) rate(kgh) YA WO uA =(w/ec) vA=(we) YA (W/CH

101,325 l 0.6 0.6 2990 3520 2500 1000

Air: t Outdoor — 35°C ® outdoor — 0'007 kgw/kg tindoor =25°C
Exhaust air

tlw,AHU,ex tlw.tcv\«vaiw.tv.u
o ,
(W/°C) P
I:Iw,precool,ex 2
Fresh air PIIPLIPILILS
; AHU PALLIELLILLS
fresh air PIIITII I
: = Inlet air
an-coll unkts tiw fancoils,ex tlw,tower,ex Water pump
Radiant panels t
lw,tower,ex Users water 4
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Psychrometric Diagram.
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|EC Water Chiller : Simulation EES

The water outlet temperature t,,,owerex from the tower depends on the wet
temperature of the incoming air,. which depends on the characteristics of the
outside air and of the air pre-cooler, which also requires the temperature of the
water outlet from the tower. The calculation is therefore iterative.

The NTU calculation method was used to determine the characteristics of the fluids

The most important formulas and results of the EES simulation have been
summarized below.
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|IEC Water Chiller : Cooling tower

Heat capacitive flow

Crwtower =  Miytower = C C wtower = 3768 [W/K]
Cf:air:tcsu.lerz Mdryair:tuwer ' |::|:-1°:zlir:ti:uuma-r C ¢ air tower = 3116 [W/K]
C _ r:'n'uin.T‘cuma-r
tower = X% C iower = 0,8269 [-]
max tower
C - Daictowerex = Nairgover;sy lterative calculation =»
f.airtower —
F ttub.tuonwler;\c_n-t - twb.tower;su _
C pfairtower — 3116 [J/kg_K]
Cofu
AUfsoner = AUguer + —Erarieet AU j100er=10777 [W/K
p.air;outdoor
Al
NTUtower = C .f:tower NTU towerz?"ll'59 [_]
min tower
_ 1 — exp (— MNTU gwer (1 —  Ctower }) _
" tower = T = Ciower = BXP (_ NTU ower - (1 = Ciower }) gtower_oi8256 [-]
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IEC Water Chiller : Cooling tower

Cltower = Ztower ~ “mingower (tlw:tower:'su - thIOUJe"iSU} Q 4ot tower = 25812[W]
ot,tower

lwtower:su =  lw:mixing

t _ Crwary - hwaHUex * Clw;pr\ecool ' tlw;precool;ex tlw,mixing= 25,05 [C]
lw;mixing — C .4 C
lw;fancoils lw;precool
tubtowersu = WB (NRHZD ' T= tairtower:su W= @owersus P = P ]' twb,tower,su =15,02 [C]
tair:tnwer:su = tair:precnni:ex tairﬂoweﬁsu=23’89 €]
Q
_ tower
tlw:touuer;ex - tlw:tower;su T t|w,tower,ex=18;2 [C]
~jwtower
Dtower;su — D outdoor D rowersu=0,007 [-]
(Dtower,ex = humrat(AirHZO ) h=hair,tower,ex ;R=1 ;P=P) (D,tower,ex = 0,01757 [']
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|EC Water Chiller : Precooler

Heat capacitive flow

C air,precool — =1018 [W/K]
C lw,precool ~— =1256 [W/K]
C precoor = 0,8102 [-]
AU pre-cooler =2990[W/K] NTU | eco0=2,938 [-]
precool_0 6612 [ ]
Q precool_11304 [W]
ratio of precooler capacitive flow Ciw,precool \Cair, precoo=1,234 [-]
tair;pnecool;su = toutdoor =35 [°C]
tIw;|:-rreco-:>l;su = lwtower;ex tiwtowerex=18,2 [C]
_ QprEC00|
tair:pnecool;ex - tair;pnec-:-ol:su - C tair'precool'e)( = 23,89 [C]
air;precool
t = Gprecool ¢ =27,2[C].
lw;precoolex =  Hw;precool;su C lw,precool,ex ’
lw;precool
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|[EC Water Chiller : Fancoils

le;fancoils = le;users =0,6 [kg/s]
Heat capacitive flow
Cair;fancoils = Clw;fancoils Cairfancoi|s=2512 [W/K]
Czlir:fant:,nils CIW,fancoiIs=2512 [W/K]

h dryair;fancails =
C p.air;fancoils;su

MTU fancoils
T+ NTU fancoils

% fancoils —

Cliancoils = Max [D; % fancoils

tlw fancoils;su — tlw towerex

Gl fancoils

tIw;lenclcrils;uenuc= tlw;fancoils;su

Clw;fancoils

tair;fancoils;suz tindoor
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|vldryair,fancoils.

AUfancoiIs=2500 [W/K]
NTUfancoiIs=O'9951 [‘]
‘(ifancoilszolél'988 [']

QFancoils = 8518 [W]

t!w;fancoi!s;su} ]'

=18,2[C]

TIW,FancoiIs,su

=21,59 [C]

th,FancoiIs,ex

=25 [C]

=2,468 [kg/s]
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|EC Water Chiller : AHU fresh air

Marvairanu = Mangairfresh M ryairfresh = 0,6 [kg/s]
LairaHU:su = lowtdoor tyiranusu = 35 [C]
Heat capacitive flow
Chwau = Muyapy - G Ciwanu = 2512 [W/K]
Cany = 'h:"'"dryair;AHU " CpaainAHU;su C airAHU = 610,6 [W/K]
© man;aHU AU ., =1000 [W/K]
Al
NTUgqy = —2— NTU ,,,= 1,638 [-]
Cmin:ﬁHU
ey = =P (Ca (1 - exp (- NTUmw )))  gy,,=0,7316 ]

Canu

Qapy = Max (0; s aq0 Crincaru (taianusu— twoanuse))  Qanu=5990 [W]
@ apu

hw:aHUex = twaHUsu * t = 23,98 [C
w; e w; Rl — Iw,AHU, ex [C]
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Power Balance of IEC water Chiller

Tower (2) = Qower = 25812 [W]

Precooler (1) =

Qprecool. =11304 [W]

Gysers Qfancoils + & aHU
Fan-coil = Q raeoits = 8518 [W]
AHU- Hygienic Air = Q. =5990 [W]
Cooling power user = Qrs = 14508 [W]

Cooling power user =

Atic
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TUSSET Sylvano

12



|IEC water Chiller - Diagram — Results
1kg/s 23,3 °CWB

Exhaust air

Q user = 14508 W 0,9 kg/s 25,05 °C ﬂ Air Fan
. i -

0,6 kg/s 23,98 °C 0,3 kg/s 27,2 °C

Coolin
“CH AHu

fresh air 5990 W

T om = 25°C

room

0,6 kg/s 21,59 °C 1 kg/s 35 °C

18,87 °C WB Water pump

0,3 kg/s 18,2°C

0,6 kg/s 18,2 °C Users water
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|EC Water Chiller : EES Results

1, ™z, hd 3 ™4, s hd B ¥l7 hd ¥]s ¥]10 [¥] 11 ¥]12 ¥]12
Mm;users Mw;tower;lnss le;tower Mm;preouoi |"""Iw;faru:uiltf. MIW;AHU tIw;ta:mer;ml: twt:;tower;:v,u IGh‘“"cai"pretatml t"dp;:?.y,'f,ten'l AUf;tower Aufanooils Aupreoool
[kg/s] [kg/s] [kg/s] | [kg/s] | [kg/s] | [kgls] [C] [C] H [ [WIK] | [WiK]
015 0,008505 0.9 0,75 0,15 0,15 16,73 13,48 3,086 0.4262 10054 9675
0,2  0,008873 0.9 07 02 02 16,93 13,61 2,88 04326 10161 179 3342
0,25 | 0,009186 0.9 0,65 0,25 0,25 17, 13,74 2,674 04358 10254 1374 317
0,3 0,00946 0.9 06 03 03 13,87 2,468 04374 10338 1557 3289
0,35  0,009703 0.9 0,55 0,35 0,35 174 14,01 2,263 0.4379 10416 1730 3258
04  0,009921 0.9 05 04 04 1417 2,057 04373 10490 1895 3221
045 0,01012 0.9 045 045 0.45 177 14,34 1,851 04354 10562 2054 3738
05 0,01029 0.9 04 05 05 17 85 14,53 1,646 0.4321 10633 2208 327

0,55 0,01044 0,9 0,35 0,55 0,55 18,0 14,75 144 042N 10704 2356 3066

0,65 0,01068 0,9 0,25 0,65 0,65 18 41 15,34 1,029 | 04094 10853 2640 2693

0.7 0,01073 09 02 0,7 0,7 15.62 0,8228 0,3913 10942 2777 2764
0.75 0,01073 09 0,15 0,75 0,75 16,42 0.6171 0,3664 11037 2911 2581
0.8 0,01068 09 0.1 0.8 0,8 19 4 113 04114 0,3337 11133 3042 2298
0.85 0.01057 09 0.05 0.85 0.85 gc 17,94 02057 0,292 11221 70 1777
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|EC Water Chiller : EES Results

14 ™15 ™] e ™17 d EER .4 £ ™2 [ ™z Mz A PII hd P hd i hd Pl
Aplw;miller Aplw;preooul Aplw;fanooils APIW;AHU Aptowr Apfancoiis AIJt:hiler L"pprecool APAHU copchﬂler Qusers Wtower;fan;pump Wtowerfan Wtuwerpump

[Pa] [Pa] [Pa] [Pa] | [Pa] | [Pa] | [Pa] | [Pa] | [Pq] [ [W] [W] [W] [W]

208094 158094 1561 1581 300 f.am 540 240 500 5738 7179 1251 9237 3275
1687717 131717 2611 2811 300 13,39 540 240 500 1,034 8502 1209 9255 2831
166746 118746 439 4391 300 20,15 540 240 500 3,209 9618 1172 927 2447
151180 101180 6324 6324 300 28,13 540 240 500 9.289 10589 1140 928,3 2117
135019 65019 8607 8607 300 37,29 540 240 500 1029 11449 1113 9294 183,8
120264 70264 1242 11242 300 47,62 540 240 500 112 12218 1091 9304 160,5
106914 56914 14226 = 14228 300 59,07 540 240 500 1203 12906 1073 9313 1414

94969 44969 17566 = 17566 300 71,63 540 240 500 1277 13518 1056 9321 126,1

84429 34429 21265 | 21285 300 85,28 540 240 500 1342 14054 1047 9328 1143

67566 17566 29686 29686 300 115,8 540 240 | 500 1439 14865 1033 9338 96,93

61242 11242 34429 34429 300 1326 540 240 500 1462 15042 1029 9341 94 64
h6324 6324 39523 39523 300 150 4 540 240 500 1467 15050 1026 9341 92,04
52611 2811 44969 44969 300 169,3 540 240 500 1452 14874 1025 9338 90,71
50703 702 6 h0766 50766 300 1892 540 240 500 1416 14499 1024 9334 90,23
Atic
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I:Iw;tower;mc [C]

IEC Water Chiller : M, ysers

t lw,tower ex

t

wb,tower,su
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IEC Water Chiller : C, Jreco01/C

air,Precool Edp le,users

i 1
B Edp_system=(tlw_tower_su - ::tIw_tower_ex)/(tlw_tower_su - tdp_outdoor)
L NG 0,8
z i i
2 : Y
w — 1 —
0 ] e 06 D
'§' 0.5 with variables AU =
w
€ dp M-~~~ ~— =~ =~~~ —————————— | g
] =
e 04 E
_ i =
! | 0,2
| 7 S . 4
C |W’precoo| = 1256 [W/K] CIchairprECOOI C air,precool = 1018 [W/K]'
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IEC Water Chiller: C, eco01 /C , AU

air,Precoo precool AI:)Iw,precool
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Water consumption of IEC water chiller

M, ater = M, (@, ®,,) =1(0,01757 - 0,007) = 0,01057 kg/s = 38,2 [I/h]
M_dot_w_tower loss=0,01062 [kg/s] = 1% of M_dot_tower

It was considered that the relative humidity at the exit of the tower was 100%.
rh_tower_ex=1 [-]
The enthalpy of the exhaust airis h_air tower ex=67636 [J/kg]

The enthalpy of point X, having :

* atemperature of t tower ex=23,3 [C] equal to the temperature of the air at the
outlet of the tower with rh_tower _ex=1 [-]

* and a specific humidity of 0.007 kg / kg equal to the specific humidity of the
outdoor air

« =>» h x=41207 [J/kg])

M, ater = M, . Ahx/ hfg =1 .(67636-41207)/ 2501000 = 0,00106 kg/s = 38,2 I/h
Ahx represents the latent enthalpy or specific energy required for water evaporation

We need to add the water that is drawn out of the tower by the exhaust air, and
additional water for calcium deconcentrating.

Atic | ly}/
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|EC water chiller - AP

AIR - Ap,(; : DELTAp_precool=240 [Pa] and Ap,,,: DELTAp_tower =300 [Pa] represents th.é_l
air pressure drop of the counterflow air cooler and counterflow padding tower.'
Ap_chiller=540 [Pa]

APchiler = APtower * & Pprecool

Water - AP, (;;: DELTAp_lw_precool=25295 [Pa] and AP, ,: DELTAp_Iw_tower=50000 [Pa]
represents the water pressure drop of counterflow air cooler and counterflow padding
tower

APwchiler = APwtower T A Pwprecool

We did not take into account the pressure loss of the users : Ap lw user=50590 [Pa]
(fan coils and AHUs) because it is not related to the IEC water cooler but to the operating
circuits, which is necessary for all kinds of air conditioning systems

This values of Ap should be confirmed by fabricants
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IEC water Chlller: le,users AI:)Iw,chiller AI:)air,chiller

250000 ——— | - 1000
200000 | | 1800
T | | =
&l 150000 + ! 1600 g
= o—t—o—o—o—o—o 240 Pa] =
= | ] B
S : i | =
£ 100000 | | laoo &
5 | : |2
< - - 1 <
| 75295 Pa ! ]
50000 |- | e 1200
0 I 4 i " " 1 " i 4 i 1 " i i i ll 5 y g i 1 i i i i -0
0 0.2 0.4 0.6 0.8 1

Miw;users [ka/s]
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IEC Water Chiller : COP
: - & P chiller
Wiowerfan = Ytowerex W i ower fan = 933,4 [W]
Ttowerfan
: ' APz ' APy, | _
Wtowerpump = ""'rlw.'tower ' s """'Iw:precool ' —EEEE W tower pump 105,3 [W]
towerpump Ttowerpump
Wiowerfanpump = ¥Vtowerfan YWiowerpump W iower fan,pump = 1039 [W]
QUSEPS
COP chitler = COP ¢pjje=13,97 [-]

Wtower;fan;pump

Nr, and m,,. represents the efficiency of the exhaust air fan and water pump of the
tower (= 0,5)

for HVAC pro!essmnal:)))
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IEC Water Chiller : M, yers W

tower fan pump O~users

R r . . —2000
18000 | i
16000 i 11500
14508 W e e o e '
14000 [ . -
i Wtower;fan;pump [‘N] ) 1039 W
[ : 41000
12000 o0—o —o—o0—o—o0—0 |
[ E Wtower;ian [W]
10000 F | _
: : | 1500
8000 [ Qusers [W] ; _
6000 [ i -
PP BT S R S |I R R R A 0
0,1 0,2 0.3 04 ., 05 0,6 0,7 0,8 0,9

Miw:users [Kg/s]
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IEC Water Chiller : C, Jreco01/C COP

air,Precool chiller le,users

20 .

0.8

13,97
J— I'—l
= 2
= 0
Q
=3
O 0.4 g
=

0,2

0 1 | 1 1 1 * 1 1 1 1 1 1 1 “é O
0 1 1,234 2 3
CIWIC airprecoo|
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IEC Water Chiller: My, users  Qusers  COPpijier

20000

18000

16000

13,97

14508 W o
14000

| |

T

12000

COPchilter [

10000 |

QUSEI‘S

8000

T

6000

PR U T T S I T S S S R SR T

0.1 0,2 0.3 0.4

AT S I,
. 05 0.6 0.7 0.8 0.9
Miw:users [kg/s]
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