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Application of open cooling tower with radiant cooling for office space
conditioning in temperate climate
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ABSTRACT

The growth in the use of mechanical vapour compression based air conditioning systems for office cooling in temperate climates has led to increased
interest in alternative low energy active cooling systems. Cooling towers as a means for producing chilled water, in conjunction with radiant and
displacement cooling systems, offer a possible alternative approach for space conditioning of office spaces in temperate climates. The current research
hypothesis is based on assessing an integrated cooling tower and radiant / displacement ventilation cooling system for office conditioning in temperate
climate. The concept is capable of producing chilled water between 14-18°C with low approach temperatures (1-3 K) and using this water for building
sensible cooling by radiant surfaces (floors or ceilings) and building latent cooling by displacement ventilation. A mathematical model of the cooling
tower system was developed using MATLAB. The cooling tower was validated against experimental data and integrated with an EnergyPlus model of
an office building model incorporating radiant cooling and displacement ventilation systems. Using the overall simulation model, assessment was
carried out based on ASHRAE design day specifications for Paris as representative of warm and humid climate. The results indicated that although
the COP of the integrated cooling system was fluctuated between 2 and 8, this system can provide thermal comfort condition during 67% of working
hours in Paris design day.

Keywords: Cooling tower, radiant cooling, thermal comfort, system performance
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Fig. 2 Cooling tower control volume with water and air flow boundary
conditions
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Fig. 5 Primary and secondary data for integrated cooling system
analysis in Paris design day analysis
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Fig. 6 Operative temperature in different building zones with primary
and secondary water flow in Paris design day analysis

b 59y b o pleile slad 51 G e Fse sles 6 Y

Olloye lapias (nl Cuz lisyse s Ol &5 Wil obelr
5 S sl Jold plexle Jue 005 (0 el 5SS g vy
ol M4 SE" 0 a8 jsbilen ol sas ools las M4 S s Sl
ol Sl 5l Sy e @) slas 4 5l slersle Jas el sud ool

ol 00l S5 (635 0 5LAS S 5 (bl
Lol Jotae sled g ol cuiizs ol ,0 Bas adhie aScpl 4 4> b
obtle sly bads S ik sloln Ol Gl Pl 5 dlas wilss
s Joe a5 cnl & az g L [12] ol sud Jlesl Likup 0 )l
9 BCVTB Luly l8le 5 5l jekaie cpoy 0085 Jate plexsle Joo
oolitul odb (g5, ,1581s 5,0 PlantComponent:UserDefined &bl

8 co )5 a1y sl 05250 Db (6550 1 58le

150 395 Sl o i e 3 Ko (i) -4

Ot 53 Gbere g8 g o Glye 4 S g Sl @ a2g L
prm bl SSS mn Gl S Ses cu e d9d e wSlD el
5 (2) o¥olas olaly Giolo o s JS aizmon 5 "2 JS" S
20,8 go 55 pj b 4 (3)

QTower
cor = —Mower
Tower PFan+PPrimary pump (2)
COPCooling System =
QCooling system

PFan + PPrimary pump + PSecondary pump + PDV far (3)

IRV ARG Y PPrimary pump‘PSecondary pump Yol (pl y0
Pran 5 wislos "1 USE" Gllae a5l 5 adsl sl ey e ol
U ) g s (B 9 (SIS zp B (Bras UlF 554 Povfan
.Mése

KG's™ oy & sl 5 adgl USewr 53 (b ool o a2 (20
Slr s e B lolyy ases 5 3k o 16 5 1.4
outs Ll 0.255 mAst 1, 62,1 1 e il s bl ) oyl plazsl
eldg, 9 So S Jlog ol 3l luep dsls )l b [13] el
ouds Blod eblan 5 b oo 8 celu 51 1, o] Jlee! obe; o 66 W-m™?

A 53 b sy lp Gilepe el 0 Slee 0gos "5 S 0
a5 glej sl o oslo i [15] Ggboye g 0,5 ailate i as ea )b

Perimeter ZN N
z
W
I zZ
[13.05m N, 4 N
] ) \
17 é 846m  Core ZN .-: w !, £
Ml 7 A E £ S
A3 - &
‘ —e e )
18.46m 27.69m ‘QX 17.69m
. i 707Tm Perimeter ZN_S
(®) @

Fig. 4 Schematic of small office building (a) external view (b) internal
view with zone names

5950 sl (0) 5 9 m sled (B) Julis plesslo Jow Sslos 4 Sl

! ASHRAE

147 390 5 G Sl 5 ¢ oabeds i Slalliyn (uil paS yre9s wVlie ac soze 13 o jlaid (16 0951395 e (e Spilso w e


https://dorl.net/dor/20.1001.1.10275940.1395.16.13.25.2
https://mme.modares.ac.ir/article-15-4322-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-23 ]

[ DOR: 20.1001.1.10275940.1395.16.13.25.2 ]

Oxd Jb93 9 53LT puas s34

Jaine bl I3l Sl oLeials 33 il Ghile us L ks s S i 704 3l 0 Slkaul

i & S SIS gy Jlal b st plalo e i )0 1) 050
Gt ly iRl J ol S plste @ s 5 GBE Glalow
e 38es dllie cpl 55 0)ls 1) Juime Gblie )3 Aale e Joone
aibaio plsieas )l b 50 ) plaisle S sl ol (e iale e
Ll J) o)z 9590 680 S labal bl (b 59, 30 Csbye 5 )5
cpe aSil pogdle abodls ol 285 13 Syl el s L
5 £ Jotae aibais plorear )l Sl (b 59, 50 e 3 See
I35 B U5 s (ol 0 (o0 035 B B2 oogame 13 sboye
s 1, )5 Slelo 67% 505 55 10 5l Limlo] Lulpd el Cg

b o

&l -6

[1] U. Eicker, Low energy cooling for sustainable buildings. ISBN 978-
0-470-69744-3, 2009.

[2] L.Pérez-Lombard, J. Ortiz, et al., A review on buildings energy
consumption information, Energy and Buildings, No. 40(3), pp.
394-398, 2008.

[3] D. Alexander, M. O’Rourke, Design Considerations for Active
Chilled Beams. ASHRAE Journal, No. 50(9), pp. 50-54, 2008.

[4] B. Costelloe, D.P. Finn, Indirect evaporative cooling potential in air—
water systems in temperate climates, Journal of Energy and
Buildings, No. 35, pp. 573-591, 2003.

[5] A. Hasan, M. Vuolle, K. Sirén, R. Holopainen, and P. Tuomaala. A
cooling tower combined with chilled ceiling: system
optimisation. International Journal of Low-Carbon
Technologies, No. 2(3), pp. 217-224, 2007.

[6] B. Bergsten. Evaporative Cooling Tower and Chilled Beams, Design
Aspects for Cooling in Office Buildings in Northern Europe. PhD
Thesis. Chalmers University of Technology. Goteborg, Sweden,
2009.

[7] B. Costelloe, and D.P. Finn. Indirect evaporative cooling potential in
air-water systems in temperate climates. Energy and Buildings,
35:573-591, 2003.

[8] M. Nasrabadi, D.P. Finn, Mathematical modeling of a low
temperature low approach direct cooling tower for the provision of
high temperature chilled water for conditioning of building spaces,
Applied Thermal Engineering, No. 64, pp. 273-282, 2014.

[9] J.C. Kloppers, D.G. Kroger, Cooling Tower Performance Evaluation:
Merkel, Poppe, and e -NTU Methods of Analysis. J. of Eng. for Gas
Turbines and Power, Vol. 127, pp. 1-7, 2005.

[10] B. Costelloe, and D.P. Finn. Heat transfer correlations for low
approach evaporative cooling systems in buildings. Applied thermal
engineering, No. 29(1), pp. 105-115, 2009.

[11] M. Nasrabadi, D.P. Finn, Performance analysis of a low approach
low temperature direct cooling tower for high-temperature building
cooling systems. Energy and Buildings, 84, pp.674-689, 2014.

[12] 1. Korolija. Heating, Ventilating and Air-conditioning System
Energy Demand Coupling with Building Loads for Office Buildings.
PhD Thesis. De Montfort University, Leicester, UK, 2011.

[13] ASHRAE. ASHRAE Standard: Standard 62.1-2004, Ventilation for
acceptable indoor air quality. Atlanta, USA, 2004.

[14] G. Dunn, and I. Knight. Small power equipment loads in UK office
environments. Energy and buildings, No. 37(1), pp. 87-91, 2005.
[15] Nick Barnard, Denice Jaunzens (Eds.), Low energy cooling:
technology selection and early design guidance, Annex 28, Low
Energy Cooling, Building Research Establishment Ltd, 2001

(January 2001).

[16] ASHRAE. ASHRAE Handbook: Fundamentals. American Society
of Heating, Refrigerating and Air-Conditioning Engineers, Inc.,
Atlanta, USA, Sl edition, 2013.

[17] S. Wei, M. Li, W. Lin, and Sun, Y. Parametric studies and
evaluations of indoor thermal environment in wet season using a
field survey and PMV-PPD method. Energy and Buildings, No.
42(6), pp. 799-806, 2010.

= == = Tower COP
Cooling system COP

-------- Cooling capacity

COP
Cooling capacity (kW)

0 2 4 6 8 10 12 14 16 18 20 22 24
Time (hours)

Fig. 7 Tower COP, cooling system COP and cooling capacity of the
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