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

Alireza Zolfaghari*, Hamed Bayazi, Mahtab Aminzadeh, Ali Foadaddini

Department of Mechanical Engineering, University of Birjand, Birjand, Iran
*P.0.B. 97198-34346 Mashhad, Iran, m_aminzadeh@birjand.ac.ir

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

L azg b Jlgx pKin o a5 cul Jb o cpl ol sl ax g Olgs
S olsh a5 sy Slai @ ol Ganle CusBse (39 Sgamme 9 ol
oozl o8l ol olul bl des slp 35 0o dged (sl
@ 2lBalel s S e [1] oKee 5 b 2012 Jlo 0 05
2z FB el e Wlgo pee (ol &5 0l lad -GS
03w Sladss 0 [4-2] o862 g gile o] 51 ey 2058 (55,51 B s
5 S350y sramy gleily U Glies o0 5 pRLLST Jl 4

Please cite this article using:

3Dl ke Gl ez Sl plSin o Sl e bl (el
St Sl oslinal jolaie (pl (sl adlige 1905 2 (g ke oot
5 $5A Gras 5 Bus b Clyr Ll lp el goihae 108
ke w58 gt Spdios dnog (Sl Ghlel Laulpd cnls
Spao fals g e slos S5 ) oS gsllas o Shoe Lo 4 55 p0e
il g i oolizad (gl ceaslio R Wl e 3,15 (55,
il plalase o boas S oo Egabae 505 Slapiacw slas )l
beze ln bps (nl 95 4 a8 g wllioo v 5 0 I L

Lo oalitwl 23 wls I Wlio ol @ gla (sl

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 _..,)



OblSes 5 S lidllyd Lb pake Sam Slgd plGB 3 il GhubwT logl s (3ol sgliio &3 35 oo isalo s plamms 3 3 o Julxs
inlet
(=1
570 = 2 |
r Q -
|92 1=
TN =1
ﬂ 160 B
1
/2600 1240 L3620 ‘.
Out;et Bed Occupied zone
Fig. 1 Schematic of case room
aged slad oloz )b 1 Y
g olro > Gl 1) ool 3500 gadne dy505 piwmws O, Slas p lga g,
v-V=0 (1) azyd 0O S0y b oS ol (i iyl Clides i sl Gl
s A5 Gl dobe 1) 6551 g0 Ol Ol 68 e @ e (25 5 6055
p(V-VV) = VP + pp; V2V + +pgll — @) o 3o Les g ct o CFIgiSy 2é muis wge LIS ol Lel ol a3l
B(T — Trep)] IRARVAPESCSE RPW-e
:6313‘ aolro L . .
. sbs 5 20 85U Gl o Jebw 4 [B] ) Sen 5 (s laallgd
V VT = ap V2T + Sy ®3)

comizmad sl ey S L o § g oz bl gy B
55 Joe oS &y oo olizél crgl el Sl 3o Sy pd Hler
235 o duwle 5 liliul k — £ slaloles

Sl 5l ol i o w5l c¥olas > g Slasbre vl oy
el 00 00l P ph Lo Sty o iligy o A 3 psdinl go0e

= 6 . . =

Oizmen 135 (o0 0p0 9995 2> ) 5l sdse > slp yoShe S
b 5o g sl o oyl 4Bl lejles b anaSed 5y dlas > (gl
a8 S 8 s 0550 oy (Jlowle a0 I Jo DLl (g30e >
el 00 00l ansis canlie Sliwlxe 0,5 1150400 sgo L glasiis

Sl Gtalol Lyl pds 5y 35 pake 43505 s 3,8kt (o) 2 poliions
and 69959 amys e gl 5 (20 L lgs Ol e plls o
2 oSl (ol lalpd g 0gd oo 3)ly BUT Lad 498 s YL 50 0
» 7100 580,60 (5355 slsa Sy £ S on i |, 0,5 S
g Sl oud axd )k 5o Sl )L Ll G e i BS rieen
S Sl A5 Ll Slgs plie o B3 sl 253 el o] ke
3 Lf")‘)’ AWl e a5 cpl pod Gl 0als Bl CJa..a o
g wilge gy o D15 20 518 i 4 0z 5 (2 ol
sl o 43,5 L5 4 yle o las lo 5 GBI S (oo ela

Sl Gulwl -2-3

&byl 5 o8 Sl sl izt 6l (PMV) 7“;| Ol Ll
e 5 7] Koo g o ot ) [6] 5 by lame 5 Ll
6,555k ol el s 1 o3l o] Sl Lasls 5 Kib Las 2008
Sl pliis o o3l )l elesd i sln 1) (8) alal, 5 0008
oS 4l

4 Open Foam

® Businesq Buoyant Simple Foam
® Finite Volume

" Predicted Mean Vote (PMV)

Sl Al St Ghleye pen SSles 63959 l9n
Db go yulm (29 dz e a5 ol plas pla) olades mls asls
5 omk @599, 0 YL 655 Span lie 5 00,5 Sl (5 90540 e pe
Peb oo bod g Loy 55%eal e Sl

Lyt plojen lodae b (ale S sln 55 peie gorhae 90 e
L e T g ol

Oype Dl plla 37 mdge (Blo)L Jalse 5 Bl (Sl el
@ 35 e G ptins duy oo Sl @ a5 sl Jb o cpl el a8
Lo, Slas ) Carge Cunl San (o ($3; » Wb B B3y o
LU ol ool (grw pol Gelizd po 1A aigls o3l o olye8 51 06
Lo wcibisee Lylyds 50 55 0%e gl Ol lojen sjludas
3R Sl Gbel bulpd 5 pitaes (217655 (5)90 0 o 5l (ool
e &l Clg> s yo

Lgos Slad -2

Oy 4 [2] liSen 5 gile Behow Billae lawain ol G o
36 glis)l 5 o esb b U1 calply ol oad Ll aiged sl
Gl s Sy 55 st a5 caul ond 43,8 L s e 25 526
W, 50 5 Jle0 6y g e (glw BTX2L slul 4y glazy,s wo)ls 1)
B7X16 sl 4y (95 Az, Ko 5 Sltoss Vb s Hile 20
jhoske lawain (rrizman Cel oud 4t OloP S35 Gl @ e e Sl
LSS el ol giludae S5 (g5, sanlss Dyge 4 ol o
W oo Lid 1y aiges glad slal g IS sles

J> 993 9 ol Vol -3

&iPlg ok -1-3

Sl ((Swgm DYoo 5l (6550 9 Bbym Judow jelaiedy «Budos ol o
3550 o0lial 20515 B 5 Ll Layl3 e (65,0l doles 5 s lSs

! Local Thermal Discomfort
2 Energy Utilization Coefficient (EUC)
% Boussinesq approximation

391 9 G Sl 5 g oubodyous Slallips Gl xS (o9 wIlie dcgeze 13 ojlaib 16 095 1395 jiw (uide Slle Lwdiie 236



U 9 s lidlly S L ale S

g plSit 53 Gigba il dag s paeli Jgliie &y 55 raie gl S aisms Sy 3 yShoc Julxs

ol Gtalel 08 (58,5 115 50 b 35 el 4505 s (53, 8kos slaaasiine 1 Jguer
Table 1 Performance parameters of personalized ventilation system with considering thermal comfort

caye e PMVoaiiy DR aniy los hugie  (sbos bauss :
550 - " L TSR SR R kg e s S
S s 2PV S ol Jeest G sles (K) b lsss (K) 55,9 295
) . .
<55 Jmo 0 ypa> 0pge>  (K)eas  (K)eass (K) (lit's)
08181 1.049816 _g498  -0.242 7.24 294427 293967 293989 28815 30365 60
07650 1.168346 _p513  -0.173 1031 294637 293625 293672 28815 30065 80
0.7252  1.366945 .0.483 0.080 17.17 295.665 294203 294271 28815  299.65 100
dNT . e e A . 1 4.7t + h.t,
3le o0game o o3l T (Kl asls ool Jladl b o 4 sul PMV = 0.0998 140 _R_t 346 _T-ic

ol 2 (055 705 b plyy 5 j5a> 0agume ;0 PMV lade araS) ail:
S 999 Gl sles wb b Rl 63955 Gbr (20 4z 2l
Dgd bas cplie S8 4 badl e o il lol Lyl s b ogs
(omb % 55 4250 10) oat wolas (5975 & azu,0 5l by gly mizpen
slml 08 jaax Joe ;0 PMV il)ly g oy oo I prslio a5 &5
Ogds

Wb 5 4eS G DS 098 0 vualin 1 Jouz ;0 o5 sbilen
ool 0gd iy 00 dx ;e a5 (6958 4 01 i dhal; 00 L PMV
Lo oS 5 55 &5 ablise cnl 5 b ol ol lian Lial33l D
dilaie ;5 oS Jaie & Lo a5 ol oszg b el ol o el jiins
ailaie oy ol JBx bl bl las o 5 05 e S8 oad Jlidl
S p30l el &5 aad o0 gy | (rwg dlaie g 09 o0 0t Jlid]
Syl 0 & oS Jlaie 0 1, PMV g 00l o oo Jlail ddlaie (o

6999 @ GRIFIL OlsS 5l (BU (rdge Sulo)l we s anin
ol OhsS 5 AU (emdge (o)l oy gl cde b oo (2l
oy oo cop b a3l ool Hlie (B) (o2 akl, b a5 ol
)5 S byl Lo b g ks

ot S Si5l Brae gy o VL o0 4 2l e azg L
by Gl 6551 9000 card 4z 58 sy 0 Sl 4 S5 nl 409
"3 JSE" 55 5 Les ol ,5lS "2 A" 3 35 0n 6 5551y 35
580 60 o 4w sl GBI 55 e 5l 00i )35 amino sl Sy ojluil gulS
a0 1)) i, 2 100

"0 Sy slhaanie migi e 5 "3 52 GlaJSa” o cds Ly
sl @l & l) et Gale)S pitacms 5l Isa 0ly (5 0926 s
shylo oals JLil adlaie abl iy o0 4> ;8 050 dunlin oo b el
Dbl ge (g Lo

>l go)s lp (20 Gl L osie svalin oS jsbles
OLis ol gl g S Db 4 S e Agtd e (515,50
4 555 de el 3 8las ((635)9 Slsp (20 Gl Doy A Sed e
S 0929 ale)S 13 45 (6,503 i 3gdoe Suo3 118 slaptenn
Cronnd )0 (o Cue g (JBs cde 4 LS 55 ul (00 ;0 a5 cal oyl
T O S g oS WIS e 358 ool JUtl adlaie 5l (oS Lo
Rl (550, S 4 53 5 00l (655l (5)90 e e Jga )8 puS

-Aelisa

+0.3762(5.52 — po)I}

—0.0998[0.056(34 — t,)

+0.692(5.87 — p,)] ()
5 Waasls Lululyy 45wl oo g o obuls &)l JUl oy R oS

Gleo T 0 o dmlme [B] (ool (g0l asbicaws jo ool &l bg,
b slos jo lgp Lo Lidpy ¢ Lo slon sbo By o il (2 Sikeo
Se b Ll gy p 08 a5 Sl esd (B ol G o
550l gy sl (I gl (28 Gl S g oS [T] S 5 (ol b
ol e base 5 o0 Gl S Cglie wiles S &l il slaclsscss
‘>9'“"L5'° du_‘))f )JGJ P 1.53 W_lmzK ‘ms

0bs% 3 (A (rbge (F,l> (Sulo,b psls -3-3

s ol e & grdge Glopus el o )l (ulo)l else 51 (S
Gl oy 35 e 4SS Mol gllasli oy oyl 4 03l oo
25 w2 alaly ShasS oo 2ulo)l Sl Gl slas )l e Sy 0 oS
6] wice coms &

DR = (34 — t)(v — 0.05)%62(0.37vT,, + 3.14) )
tg doo b, g U ]S oayay 5 25U o8l 2olo ) ws o DR oS
55 o sl ool bl so o3y olyz Slilazel cas Ty 5 lon (glos
il 2oy 20 51 i WL DR a3l Jlade [9] (6,4l

&5 6390 e oy ~4-3
35 et 4383 s LS e i (sl a3 LS 590500 i pS
2 shol Bun (59 p A e 3> 4z B a5 Sl ol SOl g
St Folly ol ol 00l 555030 Il Jauwgs 0ads JRAT Larme 4545
sl o iy ya5 (B) alasly 90 4 [10] K00 5 0y damsgs oyl 5
tuz — ¢
e ts ®

50 g oais JLdl Ceond jo lgp lawgie sles g ity gty A

EUC =

35 yoie A3985 i 4O (6995 Slep les Klo by 5 ool JLdl o

g mb -4
Lalyd 2 S yete 4506 ol Giole S 0 Skt ) 2> Bedo Soa
b x5k (63555 Sl sles adlise Sl el o Syl Sl

! Draught

237 3902 5 S Sluwwl 5 ¢ sabedygud Slallyn (il jaiS (yue9s wVlie dcgoze 13 o )leuis 16 ©)93 1395 Mo )3 Sl wdie



OblSan 5 & )llyd L pule S lgd Ui 53 i a il T sl sib (3ol spkiio &y 35 reie yinle S iams S 3 Slas Julxs

(<) (b)

0 01 02 03 04 05 06 07 08 09 1 290 292 294 296 298 300
@ © @ ©

- Fig. 2 Ti t t in the plane th h th ter of th

Fig. 3 Velocity contours in the plane through the center of the room '9 e:jn[;)e_rgourle_tc/:on gugs :)q 80e rl)_te;ne rgug_ 108 Cle-D erotine
(a) debi 60 (lit/s) (b) debi 80 (lit/s) (c) debi 100 (lit/s) room (&) debi 60 (1i’s) (b) debi 80 (lits) (c) debi 100 (1its) )
ERL () G155 5o 51 00,38 domio o ey o3l guilS' 3 . (&) st ) 60 «° () BT 55 5o 51 005,35 amio , Los ,guls 2 S5

= d Shod s doas oy Jss

6 d 100 s (st 2 80
iy 2100 s (st 2d 80 s () by ol 100 o (el I 80 00
R dxdd -5

23l s 6 & 5 s

(mS'Z)JJI;uu& i oolainnl 8 50 35 jate A48 o SO O Slos gy p 4 ol Bdsd (o
211 . s ) o O @l el el wisly Sl plie (ol S sl

(Wm K ) s bl o) Jl s he S as s Slas s | ool ausls | K L,s sl

GIG-“ D At S . . . . . _
(kgm‘ls'z) s P 35 gad Sgizms Ol 3l jaa> >l 4y ;9T i 0, Slas 0,18 YL 0
J . . R L

(WK™ IS 5> culio R Sl bl (a3ls (Seal g wge S 5 Lo (Sonl g 3
Kls T s s 5O 905 (o0 dpogs bl (ol 2395 (o0 38 jpa> Jore o
(K) s clos L plad 55 olsS 5l Gl oroge Loyl o ye anin aF 0y o] 5 Sl

®) iV ok T, b opiores  Cowl 48,5 )13 010 18 5l e 5 jloe oogazme jo b oo

Wlso Gl Bl S yeke 4155 e Slp (6551 G902 re (0 GRIH

G390 9 G Bl 9 g srbedygis Slellip wl paiS (o9 wVlie ac gaze 13 o plaids 16 093 1395 e purde Sl wite 238



UlSet 9 5 Lally3 L ke Suww g plSit 53 Gigba il dag s paeli Jgliie &y 55 raie gl S aisms Sy 3 yShoc Julxs

[2] N. Mao, D.M. Pan, M. Chan, S.M. Deng. Experimental and (K) oot JUudl Caand 4o Iy Lawgio sles  tuz
numerical studies on the performance evaluation of a bed-based
task/ambient air conditioning (TAC) system. Applied Energy, Vol. (K) ooty Jlesl ceond ;0 lgn Lawgio slos oz
136, pp. 956-967, 2014. (K) | L t
[3] N. Mao, D.M. Pan, M. Chan, S.M. Deng. Performance evaluation SO905 S9P S TS
of an air conditioning system with different heights of supply outlet PO P vV
applied to a sleeping environment, Energy and Buildings, Vol. 77,
pp. 281-291, 2014. g adle

[4] N. Mao, D.M. Pan, M. Chan, S.M. Deng, Thermal, ventilation and

3) o .. .«
energy saving performance evaluations of a ductless bed-based (kgm ) 95 e

task/ambient air conditioning (TAC) system, Energy and (K'l) oz blasl o o 4
Buildings, Vol. 66, pp. 297-305, 2013.

[5] A. Zolfaghari, A. Foadaddini, M. Hooshmand, Performance Lo 9 39 3
analysis of a task/ambient air conditioning system for providing the Sse eff
thermal comfort conditions during sleep, Modares Mechanical )
Engineering, Vol. 15, pp 368-376, 2016. (in Persian _..,) oad Jhsl s 02

[6] P.O. Fanger, Thermal comfort, Copenhagen: Danish Technical s T
Press, pp. 110-115, 1970. o ref

[7]1 Z.P. Lin, S.M. Deng, A study on the thermal comfort in sleeping
environments in the subtropics - developing a thermal comfort olazel t
model for sleeping environments, Building and Environment, Vol. e el -

43, pp. 70-81, 2008. oad Jidl eod U2

[8] ASHRAE. ASHRAE handbook of fundamentals, Atlanta, 2001.

[91 ASHRAE, ASHRAE Standard 55-2013, Thermal Environmental -7
Conditions for Human Occupancy, Atlanta, p. 12, 2013. ) d’ »
[10] W.W. Liu, ZW. Lian, Y. Yao, Optimization on indoor air [1] D.M. Pan, M. Chan, L. Xia, X. Xu, Performance evaluation of a

diffusion of floor-standing type room air-conditioners, Energy and novel bed-based task/ambient conditioning (TAC) system, Energy

Buildings, Vol. 40, pp. 59-70, 2000. and Buildings, Vol. 44, pp. 54-62, 2012.

239 3902 5 S Sluwwl 5 ¢ sabedygud Slallyn (il jaiS (yue9s wVlie dcgoze 13 o )leuis 16 ©)93 1395 Mo )3 Sl wdie



