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EVALUÂTION OP ROOM THEBMAL EN\/IBONMENT OF
LOW.IEMPEN.ATURE AIR DISTBIBUÎION SYSTEM

USING ICE STOR.A,GE SYSTEM

Motoi Yanaha, Hi¡abiro Ito a¡d Nobuo Nakahare
Nagoy¡ U¡iver¡ity

Nagoya, Japan

Masaya Okumiya
Chubu Unlvenity

Kasugai, Japaa

SUMMARY

Tbc low-temperature ai¡ dist¡ibution s¡ætem ueing chilled rater ¡v¡il¿blc üth icc
storage systern can achieve energy savings. Eowever, mæt of ai¡ dicttibution rystcn
applied to ice storage is conventional one, owing to limitd ¡nmbc¡ of practicd
application of low-tempe¡ature air distribution system.

This paper reports the experimental ¡esults of operative performurces and pcyche
logica¡ ¡esponses of a low-temperatr¡¡e ai¡ dist¡ibution system using ice storage ryc-
tem. Experiments of low-tçmperature ai¡ distribution and convrntional t1rye ære
ca¡ried out. The low-temperature ar¡d small flow ¡ate air distdbution produccd
lower humidity psychrometric condition of the room.

No problem could be recognized for human eraluationsfedings of air drlae¡s, ri¡
dirüiness and ai¡ stagnation. As far as the present oçeriments are concerned, the
cold air distribution system shifted humur thetmal sensation to 'tdd" as comparcd
with the conventional system. Eigher air tempcrature for set p<int is recommcnded.
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EVÄLUATION OF ROOM TEERMTC.L ENVIRONMENT OF
LOIV.TEMPER.ÀTURE ÂIR DISTRIBUTION SYSTEM

USING ICE STORJA.GE SYSTEM

Motoi Yanaha, Hisahiro Ito and Nobuo Nakahara
Nagoya Univereity

Nagoya, Japan

Masaya Okumiya '

Cbubu Univereity
Kasugai, Japan

INTRODUCTION

Ice storage system has been widely applied because ofits benefits ofreduced enetgy
and electric cost. However, most of air distribution system applied to ice storage
system is conventional air distribution system of l2'C to l8'C supply temperature
in Japan. The low-temperature ai¡ dist¡ibution system using chilled water av¿ilable
with ice süorage system can achieve additional enerst savings as well as.cost savings.

The reduced supply air flow rate with low-temperature air distribution system re-
sults in downsized supply fans, water pump6, and ductwo¡k. Downsized fa¡rs and
water pumps reduce electric energy consumption as well as their first costs. Smaller
ductwork reduces floor-to-floor heitht with savings in building const¡uction costs.

Although the low-temperature air dist¡ibution with ice storage system has many
benefits, Designers and engineers of heating, ventilating, and air-conditioning (HVAC)
are relucta¡rt adopting this system. Only little information about operating ¡rerfor-
m¡rnce of ice storage, thermal envi¡onment and contamination are evail¿ble owing to
limited numbe¡ of practical example. Some experimental studies have been ca¡ried
out [1,2,3] in Japarr. This paper reports experiments of low-temperature air distri-
bution system using ice storage ¿t actual load condition. The operating performance
and psychological response of this system was examined.

SYSTEM DESCRIPTION

Test room

Figure I shows a plan and a section of the test ¡oom. This test ¡oom is designed
to simulate an intelligent office room with ¡aised floor whæe dimension is 7.5m x
7.5m x 2.35m height. Experiments can be carried out under condition where stafs
or subjects work as usual. Table I shows main contents in the room as heat load:
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Figure 2: Schematic diagran of EVAC system

¡' t + HYACsYstem
ri. i

---: !'igure 2 shows a schematic diagram of EVAC system. A dynarnic type ice storage
'- system utilizing subcooli¡g phenomenon of water is installed as a cooling heat sou¡ce.

!: .r, ñ Water is pumped f¡om the storage tank to the subcooling heat exchanger that is a
,sm ,,r _,., kind of shell-and-tube type. 14¡hen the water temperature is almost freezing point,

the riate¡ is cooled.to a subcooling sate of -3'C at subcooling heat exchanger.
Collision with a platê, wheir the wate¡ is projected to the tank, breelc" the subcooling
state. About 4 % of projected water becomes slurry ice. As heating heat source, a

¡ . G C: q"d water heater t¡ instdl-ea.

Ã proptiáîi plus intetral plus derivative (PID) controller is installed to cont¡ol
,f,^- -¡ate of .cþilled,qater by 3 way valve. A pan humidifier is inetalled to control
humidity for heating. There a¡e no means to control the humidity in the orperimenù

tr ioom for cooling. A roour ternperature sensor is set in center of the room.

'Air outlets were mounted at theiceiling. Because the raised floor is applied to the
t-e5-t- Tgos_r, !þe under-floor air supply is pocsible. Air intakes a¡e able to be mounted
cr t[e:ceilifti the floor, o¡'the walls. The supply air fan is mounted windwa¡d of
cooling / heating coil to avoid temperatu¡e ràise by fan heat. The supply air flow
rate !s_-u111ually con!¡olled by inverter motor.

Meagurements

The room air temperature and the w¿ter temperature a¡e measured using thermo
couple. The humidity of the room is measured by Assman's psychrometer. The

¡
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flow rate of chilled w¡ter is measured by a paddle t¡pe water flow detector. These
'va¡ue a¡e collected and stored by a perconal computet. The supply air flow rate
is measured by differential pressute gôute. Figute

profile of 9 points are
I also shows meanutd points of

temperature. TÞmperature menr¡ured at cA" to nE . Figure
2 also shows measurd points of EVAC system.

t¡,rf 't rJ¡¡' i,¡l EXPERIMENIå.L CONDITIONS

nSir|rl¡( ì - li li t' 'lIMC performance test

to {emo. ¡strate howrcold supply air temperatute c¡in be
!çm, and the psychrometric condition of the room under
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Peyçhological ¡esponses
tt

Room thermal/air environments were investigated based on human psychological
_.. -_i. , -î ;: Jesþoirsès under their diu¡nal working conditions. In the present experiments, oc-

,^ cupants (i.e., subjects) had engaged in desk-working and/or VDT-wo¡king. In ad-': : -:' dittöñ,-îhey were free for walking a¡ound the room and leaving/entering the room.
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Every subject got in the ¡oom at 9:00 and worked from 9:30 to 17:00, being allowed
to put on own preferable casual clothing. Thus, actual offce working environment
wâs-réaliied, aäd psyd-ological en¿luations of subjects were audited in every exper-
iment. Vote was conducted every 20 minutes. Voting scales are shown in Table 2.

":-The iteriri of cool/warm propæed by Kuno [4] were included. It should be ¡emarked
"first that the set-point air temperatures in a se¡ies of experiments were 22 'C, which
was conside¡ed.to be standa¡d setting in the winter season in Japan (i.e., the end of
Novembed. ,(

OPERÂTING PERFORMANCE OF II\¡AC SYSTEM
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Figure 3 shows temperature and humidity plots for chilled wate¡ flow rates of 0.9
m3/h and 1.44 m3 /h when the 3 way valve was m-anually opened. The supply air
flow-rate 'fuas 740 m3/h. The*supply air temperature dropped to 6 'C. Output

''température f¡om lhe itorage tan[ lept 2 to 3 ;C.
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Figure 3: Temperatule and humidity ot:Ïï. chilled water flow rates of 0.9 m3/h
and 1.44 m3/h wlrcn the 3 way rralve was manlallyppened
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Figure 5: Temperature and humidity plots of the supply ai¡ flow rate of 2000 m3/hI
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m'"* ments (head, chest, hand, and ankle). They are exp¡e$rd by the mean votes of allr::'t
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subjects.
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l: Tlansient perceptiotrs of the air-dryness in each subject. Same symbols
cotrespond to sa¡re subjects.

g¿

t1.i. r0r¿r vcrY uncomforirblc -

- ino i 9f1' 1¡, i¡6¿¡,,¿ ¡r¡1 T,i6!¡1. ,¡¡36¡.¡'or¡6¡l c
ilåf dlr:. , ;(r ?cli ; ¡fÃlcl 3f1 V. :

nòt uncomforttbl" -
1. t ¡,

'f¡ ¡:
noa Yolc c oJ:'ldj'

i' l- Jæru¡ ' .
j fSrlr¡,,

+F-æ-

¡o ¡l t2 t! t,t t6
tiurc (hr) ..- .-

-\ H-- É..

13 ,¡.17 ¡o lÉ t6 t7
¿' ,,

-' " (e) Exþ.2 t lur

!_"
Figure 12: Transient discomfo¡t due to drought in each Bubject. Same symbols
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The hot/cold sensation votschanged approximately between " slightly hot" a¡rd
" slightly cold" through all th¡ee experiments (Figure 9). The mean votes were
intermediate bdtween u slightly cold' ànd u neuiral" in the cold distribution system
(Exp. 1 and 2), and almost ' neutral' in the tö¡tïentional system (Exp. 3). The
slight difierence could be explained by the decreases in both humidities and tem-
peratule in the former case. A decrease in the humi<lity could be reduced to the
belongings of the cold air dist¡ibution system, while the decrease in the temperature
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to;yperiçr¡gptal_ lapsg-.,fhqrefore, about 2.1 'C dry bulb in the cold

,,.+¡r distribution sygtþ-may,*Bivè, equál s{nsatioñ to the present conventional ca-se.

The difference in hotfcold sensationsràt þody parts could be obcerved between the
cold air distribution system and thç,couventional system (Figure 10). This results

,, mayr,be reduced to the following two caus€s; uniform air temperature distribution
,. gould bqþrmed throughou!,thq occupied region and drought of the cold air could

þ avoided despite the supply, air volume.,

, 1,e,1r ;,rr; Er¡aluation of Air Quality , (,

tii' ¿¡[ .r, ; rr ?' : \,
-:"irrFigu¡e 1l¡ shows t¡ansient perceptions of the air-dryness in every subject in two

typical experiments. Figure 12 also shows transient discomfort due to the drought
in every subject.

?Tì The lòw-humiditl ambient, which could be achieved by the cold air distribution
system, was related to little perceptions of air dry¡ess in subjects. The difference
between 40To rh (Exp.l and 2) and 60 %'rh (Expj3) may a,ffect on the perceptions.
Although the'þerceptions of air dirtinegl and ótiþation had difference between
thertold air distribution system and ühif cbnventional system,no problem for thoçe
evaluations could be obeerved.
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The cold ai¡,di-stribution system indubitably dec¡eases the ventilation efficiency of
the room as'compa,red with the conventional syrtem. The ai¡ qualities afiected little
on human peychological lesponsæ owing to no smoking, suffcient amount of outside
air intake, and adoptation of higher-eficien_t ventilation system (i.e.,ceiling-mountedrrr'| ' rr n. rev' rÅ 16 outläib ind floot:rnourit"d tntaË*ï. : 

^ 
J'. - '--

.,'i ' It J4, .' '. ¡ , +;l"l l '"'t!t l¡l " 11'rr

The discomfort due toäilusht m"yfte åi.t¿-tb the following causes; the intrusion

å ,.\ ¡¡ !r; L Pf thç primary air witþ higher-Jemperature,butJrigher-velocity for the conventional

r¡ : .r j.e,t j (. .r ! ,, ,!Yt"tlm and.tle dumqing of t[e pril¡¡ary air r+'ith.lpwer-tempeature and lower-velocity
'for the cold distribution system. The former.çase (Exp.3) generated no discomfort
to whole subjects, while the latter case (Exp.2) also generated little discomfort.

ti, :i - ¡l"rÌ, ¡ , rr. i. ,¿r- r a :. -',t,:.i jl 1,,,ll:, ' j,', .,, lf
tr tt-zt. i.6i:i" i ; jr. ti.'* I ,.:i. i "l '. I

'" I 'l¡
coNcLusIoNs

¡r¡tl'tqxl i$,r, i Lt tí'titl ¡¡¡ir,¡"9¡ , ', ,c ¡lr.¡i l, I ,f {( . ':rtl!
,!,,,,,' ?,/t¡, ,i. {, .Etetii*t:,i:r i.,lfr¡ ái¡È ,r.r.*ç": ji ì'1, íi

.::-::r--::':::.:.: ¡;;;;ii.;¡:;.¡;-¡:, Theogerimentsonlow-tempeiatúreairdistlibUtionsystemusingicestoragesystem
wcre ca¡ried out. The conclusions a¡e summarized as follows.

L ß. 2 to 3 'C cold wate¡ f¡om ice storage t¿nk was available, the supply air
temperature under 6'C could be obùained.

2. The water temperature available with ice storage was 2'C to 3 'C while the
ice existed. If the ice in tank was completely melted, the water temperature
¡aised to inadequate for low-temperatu¡e air distribution. Therefore sufficient
storage capacity or additional chiller operation is required.
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si'' roi tt e frvActóJë¿8; túlthir"t dehrù'midifv Cóntroller. the low-temperature air
n' aid"feduced iuÈÉplv air'ïob rate resi¡lted'in'lower space humidity.

I

rrii r,r,.u.r, b¡,i'. .Li, 5Ç ,r.¡,rr 
"l 4!. As far as the present experiments"are côáce¡ned, the cold air distribution

e' etll .'0, ', .';: j' n t'Ì.2 - '' system shifted human thermal sensation to "cold" aç compared with the con-
.r¡'"'¡t::ail, Í,ur.!ìl'rorir^ r r':i, ,ventional system. Thd'cold air distribution system can make the set.point

irruoi: T ,9: l,ilJ tL 1ri.',iri lìti air temperature higher than the Conventiona¡ system. This results in energy
saving effect due to the reduced cooling load:

5. No problem could be recognized for human evaluations/feelings ofairdrynees,
ai¡ di¡tiness and ai¡ stagnation in the cold air disùribution system. Further,

-r the äiscomfort due to drought couldínot be generated little.
t"'ê :!j '. 'l l.'1ì Ì.1: r!
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