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Performance analysis of a task/ambient heating system for providing the
thermal comfort conditions during sleep
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ABSTRACT

In this research, the effects of flow rate and temperature of supply air on the performance of a bed-based task/ambient air conditioning system (TAC)
for heating have been investigated. A bed-based task/ambient air conditioning system including a bed, a supply air inlet on the top of the occupant's
head and a return air outlet under the bed have been considered and for this system, the equations of flow, energy and thermal comfort have been
solved by OpenFoam numerical solver. Furthermore, the thermal comfort conditions, local thermal discomfort and energy utilization coefficient have
been evaluated in the present study. The results show that the performance of the mentioned system significantly depends on the supply air
temperature and flow rate. So that, the low flow rates of supply air may cause non-uniform temperature and velocity distributions and this leads to
unpleasant thermal comfort conditions. Also, in order to achieve the benefits of TAC systems, using of high supply air flow rates must be avoided,
since high flow rates affect a wide area of the room instead of the bed zone. The results also indicate that the energy utilization coefficient increases
with supply air flow rate increment that it shows the high advantage of using TAC systems for energy consumption in high supply air flow rates.

Keywords: Task/ambient air conditioning system, thermal comfort, sleep conditions, energy utilization coefficient

doddo -1

Lazg b Jlgx pKin o a5 cal Jb o cpl ol sl ax g Olgs
ol a5 sy Slai @ ol GanleS CusBse (39 Sgamme 9 ol
ool o8l ol olol bl degs slp 35 0o dged (sl
@ 2lBalel s e [1] oKee 5 b 2012 Jlo 0 05
2z FB el e Wl o plee (ol &5 0l lad -GS
03w Sladss 0 [4-2] o, 8ee g gile o] 51 ey 2058 (55,51 B pas
5 83909 srazmy gleily U Glis o0 5 pRLLST Jl &

Please cite this article using:

3Dl kS Gl ez Sl plSin 0 Sl Sl bl (el
Spiun Sl oslial jolaie (pl (sl adlige 1905 (g ke St
9 &l Bpae GhalS Ban b Ol lase ol sl gaidae a5y
ke 4508 Sbaptrs Spdios dnog (Sl Ghlel Laulpd cnls
Spao pals g e sles S5 )0 o5 gsllas o Shoe Lo 4 55 pee
il gl oolizad (gl coaslio LR Wl e 3,15 (55,
il plalase o baas S oo Egnbae 4505 Slapiaw slas )l
b 6lp bt ol 305 4 a8 g allige g 2P OIS L

Lo oalitwl o3 wls I Wlio ol @y gla (5l

S.A. Zolfaghari, H.Bayazi,M.Aminzadeh,A.Foadaddini, Performance analysis of a task/ambient heating system for providing the thermal comfort conditions during sleep,
Modares Mechanical Engineering, Proceedings of the Second International Conference on Air-Conditioning, Heating and Cooling Installations, Vol. 16, No. 13, pp. 235-239, 2016
(in Persian _..,)


https://dorl.net/dor/20.1001.1.10275940.1395.16.13.14.1
https://mme.modares.ac.ir/article-15-1940-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1395.16.13.14.1 ]

Obles 9 S lillyd Lb pake Sam Slgd plGB 3 il GiubwT logl s (3ol sglaio &3 35 oo isalo 35 i 3 3 o Julxs
inlet
(=1
S0 2 e i
r q -
|20 1s
TN =1
ﬂ 160 B
1
/2600 1240 L3620 ‘.
Out;et Bed Occupied zone
Fig. 1 Schematic of case room
aged slad olor )b 14
g dolre > Gl 1) ool 3500 godne dy5ed piwmw O, Slas  lga g,
v-V=0 (1) azyd 08 S0y b oS ol (i iyl Cliddes i iSOl
i AlS sl dolee 1) (655 (s90 e Oler Ol 658 e 4 lse (255 5 (50909
p(V-VV) = VP + ps; V2V + +pgll — @) oo 3 Les g Ct o SISy 2é muis wge LIS ol Lel ol a3l
B(T — Trep)] IVARVAPESCSE RPW-e
155,51 Aolee L G s s o [5] o el
. sl g 20 13U Glie sose s 4 [5] o) Ken 5 (s laallyd
V VT = ap V2T + Sy ®3)

comizmad sl oy S L o § g ez bl gy B
55 Joe S8 4 oo o8lizél crgl el Sl 3o Syl pd Hler
23,5 o duloe o luiliul k — £ slaloles
Slo 5l ol i o w5l E¥oles > g Slasbe vl (gl
el 00 00l P pgh Lo Sty 3 iligy o A 3 pgdinl go0e
= 6 . . =
Oeizmen 1315 (oo oy d9aome > ) 5l sdse > slp jeS S S
b 5 g sl o oyl 4l lejles b anaSed 5y dlas > (ol
a5 L8 s 0590 oy (Jlowle a5l Jo PNl (g30e >
el 00 00l ansid canlie Slwlxe 0,5 150400 sgo L glasis
Sl Gtalel byl 5y 35 pate 43505 s 3,8k (o) 2 poliions
aend 699y9 Ayl e gles 5 (20 L lgs Ol e plls o
2 oS Gl llpd g ogdise 3)ly BT Lad 4 08 s YL 50 0nd
» 7100 580,60 (5355 slsa Sy £ S on Sl |, 0,5 S
g Sl oud axd ) ks 5o Sl )L Ll G e s BS rizen
o Sls A5 Ll g plSie o S Sdgbie g5 el o] ke
3l L?")‘)’ AWl e a5 cpl pod Gl 0als Bl CJa..a o
g wilge gy o D15 20 518 i 4 0z 5 (2 glojlne

&l sulwl -2-3
sl s 3 )l sl G sl (PMV) Tal)T (o Sils sl
Jlo 5o [7] Koo 5 ol ot )l [6] S8 b lame (g5)),> Ll
6,555k ol s s 1 ol o] Sl Lasls 5 Kib Las 2008
Sl pliis o o3l )l slesd i sln 1) (8) alal, 5 0008

Sl Al St Galeye pen SSles 63959 l9n
Sgdgo yudm (29 4z, a5 ol plas play) olades mls asl
5 omk @599 0 YL 655 Span lie 5 00,5 Sl (5 90500 e pe
Pgb oo bod g Loy 55%eal @i Sl

Lilyd plosen ludas b (ale S sln 55 peie gorhae g e
L e o g LT

Oype Sl plla 37 mdge (Blo)L Jalse 5 Bl (Sl el
@ 35 e G ptins dy oo Sl @ a5 sl Jb ol ol a8 5
Lo, Slas ) Crge Cunl San (o ($3; » Wb B i3y o
LU cwl onds oow pols Guazg jo 1) Laied ol 3l jo ol)eS 51 oab
Lo ccibisee bylyds 50 55 0ke glptans Ol lojen sjludas
3R Sl Gbel bulpd 5 pitaes (217655 (5)50 0 w8 5l (ool
e 1l Clg> s yo

Lgos Slad -2

Olys 4 [2] liSen 5 gile Behow Billae lawain ol i o
36 glis) 5 o esb b U1 calply ol oad Ll aiged sl
GOl s Sy 50 st a5l ond 43,8 L s e 25 526
W, 50 5 Jle0 6y mupe e (glw BTX2L slul 4y glazy ;s wo)ls 1)
B7X16 sl 4 (95 Az, Ko 5 Dlmios Vb s Hile 20
jhoske lawain (rmizman Col oud et OloP S35 Gl @y e Sl
LSS el ol giludae S5 (g5 sanlss Dyge 4 ol o
WD oo lid 1y aiges glad slal 9 IS sles

J> 99y 9 o5l O¥okke -3
$islg gy -1-3

IR Gl ( Siwgm Yol 3l 65,50 5 by Judos jshaieds (Gudos ol jo
3550 o0lial 20515 B 5 Ll Lyl 5 e 55,0l oles 5 s alSs
4 Open Foam
® Businesq Buoyant Simple Foam ! Local Thermal Discomfort
® Finite Volume 2 Energy Utilization Coefficient (EUC)
" Predicted Mean Vote (PMV) % Boussinesq approximation
391 9 G Sl 5 £ aubodyous Slallips Gl xS (o9 wIlie dc geze 13 ojlaid 16 095 1395 jiw (urde Splke Lwdiie 236


https://dorl.net/dor/20.1001.1.10275940.1395.16.13.14.1
https://mme.modares.ac.ir/article-15-1940-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1395.16.13.14.1 ]

U 9 s liadllyS L yale S

g elSit 53 Gigba il dag b paeli ygliie &y 55 rake gl S aisms Sy 3 yShoc Julxs

ol Gtalel 08 (28,5 115 50 b 55 jale 4505 s (53, 8kos slaaasiine 1 Jguer
Table 1 Performance parameters of personalized ventilation system with considering thermal comfort
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Fig. 3 Velocity contours in the plane through the center of the room
(a) debi 60 (lit/s) (b) debi 80 (lit/s) (c) debi 100 (lit/s)
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Fig. 2 Temperature contours in the plane through the center of the
room (a) debi 60 (lit/s) (b) debi 80 (lit/s) (c) debi 100 (lit/s)

(o) 4y ;2 60 oo (W) Gb 55 0 5l 005,35 amio jo Lad euls 2 JSCib
a4l ;2 100 oo (Whast, ;2J 80 oo

S5 4 -5
0oLl 3590 35 oo dgad e S 3 ,Shoe oy p 4 Gl G250
50 a5 s co ol mll el oals aB e, Ol plKe b S sl
gl god Sgazee 33l Hea> aml 4 5T he e 3 Sas 0008 I (0
05 o0 50 et S oo Slie 1) b1 5LaS 5l g HB i oS
il olol (a3ls (Sanl @i crse S 5 Lod (St gy555 505
Qg5 P 3 30,5 o8 dpogi bl (nl 2385 (0 38 j9a> s )
@S Grizmen 00,5 5oy ol LYL Sl 0 b bz U359 51 S pene
plas 50 olysS 5l Bl xdge (culo sl do s aciin oS oy o] 5l Sl
b opiores Cowl 48,5 )13 0o 10 18 5l e 5 jlore oogazme jo b oo
alise SRl 5 see dsed e Sl 5551 Gso e S (20 LRI

G390 9 G wluwwl 9 g srbedygis Sllellipn il paiS (o3 wVlie acgaze 13 o pleids 16 093 1395 e pure Sl wine 238


https://dorl.net/dor/20.1001.1.10275940.1395.16.13.14.1
https://mme.modares.ac.ir/article-15-1940-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1395.16.13.14.1 ]

U 9 s liadllyS L yale S

g elSit 53 Gigba il dag b paeli ygliie &y 55 rake gl S aisms Sy 3 yShoc Julxs

[2]

B3]

[4]

[5]

(6]
[71

(8]
[9]

N. Mao, D.M. Pan, M. Chan, S.M. Deng. Experimental and
numerical studies on the performance evaluation of a bed-based
task/ambient air conditioning (TAC) system. Applied Energy, Vol.
136, pp. 956-967, 2014.

N. Mao, D.M. Pan, M. Chan, S.M. Deng. Performance evaluation
of an air conditioning system with different heights of supply outlet
applied to a sleeping environment, Energy and Buildings, Vol. 77,
pp. 281-291, 2014.

N. Mao, D.M. Pan, M. Chan, S.M. Deng, Thermal, ventilation and
energy saving performance evaluations of a ductless bed-based
task/ambient air conditioning (TAC) system, Energy and
Buildings, Vol. 66, pp. 297-305, 2013.

A. Zolfaghari, A. Foadaddini, M. Hooshmand, Performance
analysis of a task/ambient air conditioning system for providing the
thermal comfort conditions during sleep, Modares Mechanical

Engineering, Vol. 15, pp 368-376, 2016. (in Persian _..,ls)

P.O. Fanger, Thermal comfort, Copenhagen: Danish Technical
Press, pp. 110-115, 1970.

Z.P. Lin, S.M. Deng, A study on the thermal comfort in sleeping
environments in the subtropics - developing a thermal comfort
model for sleeping environments, Building and Environment, Vol.
43, pp. 70-81, 2008.

ASHRAE. ASHRAE handbook of fundamentals, Atlanta, 2001.
ASHRAE, ASHRAE Standard 55-2013, Thermal Environmental
Conditions for Human Occupancy, Atlanta, p. 12, 2013.

[10] W.W. Liu, ZW. Lian, Y. Yao, Optimization on indoor air

diffusion of floor-standing type room air-conditioners, Energy and
Buildings, Vol. 40, pp. 59-70, 2000.

(K) oazs Jlesl coond (o lga bawsgio sbos  tuz
(K) oais Jlisl caond 1o lgp lawgio slos  toz
(K) 2959 sly slos Ls
LSO CYVE 4

Sl pdle
(kgm®) ssii cuye @
(K_l) (o> JoLw.,ﬂ wj..o ﬁ
L gy )

Sge eff

ool Jlsl cand  0Z
a_ ae r

P ref
solaael T

oati Jldl coand  UZ

cxln-t

[1] D.M. Pan, M. Chan, L. Xia, X. Xu, Performance evaluation of a

novel bed-based task/ambient conditioning (TAC) system, Energy
and Buildings, Vol. 44, pp. 54-62, 2012.

239 3902 9 S Sluwl 5 ¢ sabedygud Slallyn (uil yaiS (yue9s wVlie dcgoze 13 o )leuis 16 ©)93 1395 Mo )3 Sl wdie


https://dorl.net/dor/20.1001.1.10275940.1395.16.13.14.1
https://mme.modares.ac.ir/article-15-1940-en.html
http://www.tcpdf.org

