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ABSTRACT

This paper proposed a type of surrounding air curtain instrument being used In local space of rooms or work-
shops, to maintain a cerlaln cooling and air condltioning environment without solid enclosure. The Author sur-
veyed that n series of faclors afferting Its velocily and temperature flelds, the flow regularity and performance
of heat isolatlon of the surrounding curtain have been studied. the regresson formulas of velocity and tempera-
ture decay of air curtain flow wcrc‘si\fcn.found out the relation between diathermancy Coefficient of air cur-
lain and some main factors. The mean air temperature in the partial space can be lower 5~7°C than that of

ambient air.
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INTRODUCTION A semthocd T @ wnd mesdn

Using air curtain enclosure to Malntain the alr pnrameter ln a local zone has been stuo[zd and appllad In
some countrles such as Brlta.in. ja[:lanr .3 ~jw.vllzerla.nd‘” and chlna. they are all by almccl at keeping a clean
working place. it ls cerl'.]ﬂcate.d lhal: lhe surroundmg air curtam with i.nner Iamma: ﬂow instrument the effi-
cency of dust parllcule obstrucliun Is ar rlrmcd However the posslb:llty for mnlnlalnlng a partlal spnce to pre-
vent heal gain is clear as mud. Certainly as we know, a factory In northeast in china  , it Is sald that this
type of Iocal air coudldonlns Instrumem has bccn applied for heat Isoiation, But no reference has been Issued.
A llttle about surroundlus alr curmin fnr he:u Isolntton ls lntroduced In reference{.')]. hcwcvcr the ca]cula!ion
method and design data are not alven. For lh:s reuscm wc conducu:d prlliminary rescarch work on It tu Inves—
Ilgate the performance of heat isolation and the practical possibility of techn!que and economics, 7

Of course, using alr curtain to prevent a little space from heatl gain Is notl as good as solid protective
screen and It can only redusc the hent auin caused by ambicnl ailr Inl'lll‘ ration and convectlw: heat exchange.

METHDOLOGY AND TEST DESIGN

Cansldlcring the rescarch work of forefathers and the requirment in practise, the authors defined the space
enclosed by the air curtain instrument as Im > 2m X 2. 5 and the plane of the instrumen. is 1in wide and 2m

long, the test were performed in a testing room with the size 3m X 4. 95m X 3. 4m. In orcer lo keep the air

— 242 —



nami
curtain flow being free jet, we adopted the reduce scale of instrument. and let the geometric scale be 1 v'2,the
Ar of model equal lo the Ar of prolotype,Then let the ratio of the temperature of model and the lemperature of
prototype be Cy= 1 and air temperature different ratio Cay=1, thus, 3
we can obtain, velocity scale; C,=CF=0. 707 flow rate scalc; Co=Cg =0. 177
".l'hc siu:leh ol surroundlng air curtain model is shown In figue 1 and a sketch of experimental faclalty {g
ahown in figure 2. Thc width of slot outlet is adopted 53mm, 76mm and 100mm In each test. The helght of
slol. Is 70mm. The flow rate of air curtain is 280m*/n, 450m3/h, 580m3/h and 750m*/h respectively. The
ambient alr temperature (at outlet) is 20'C, 22°C, 25°C respectively. At the minimum air flow rate and
maximum bo, the Re=55002>2400, and Pr, Gr=12. 37X 102X 107, thus the velocty and temperature
field are all In a state of turbulent Self — modeling zone.
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I Fig Il sketch ‘of Annuiur alr Curtnln Fiﬁz Sklecll; of exﬁeﬁmemﬁl faciality
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AIR FLOW PA'ITERN OF SURROUNDING AIR CURTAIN
s delogd I ol Yo wdmaeise 8 srneniiteon aan f gy

The reqularity of cold ak Jet flow spurted from the slal outlet fcllows the plane jet, During the first step.
oweing to air curtalns from four slots encloses the space inside the surrounding air curtain, the outside air
can’ t come Into the inside, So that the static pressure In the enclosed space is lower than the atmosphere’ s.
Thus the four pla.nc jets will curved Inward durlng its ascendins pcriod In the beslning. and then unite into a
slnglc synth!lc jet by mixlng esch olher. the pressure inslde Is equa! to lhe outside. A.fterwards. the synthltlc
jet besin to spread but it only sprends ohviously along the x axls, and not along y axis. There for we consider
lhat thc synth.lllc ﬂow is Mcwhut simllar lo plane jel after mixing. See Figure (3) and Flgure (4),

The Velocity; a.nd Tempcralure Distribution of Plane Jet . R

On the basls of turbulent mechanicsC4], Throush a series dcduclins procedur, the theoltlcal formulas
have been deduccd for veloc[ty and temperalure distrubution of plane et

i==11.Ar‘t[hz‘) exp[n’( )’] = . 1)

C Jg 2 y2
=c.A [b] exp[C( ) (2)
thre bo is lhe breadth of the slat outlet, vy is the velocity spurted form the outlet, Do is the temperature dif-
ference between ambient sir and supply air, Z is the jel throw, and Ar=gbo0/v}T. To and Ta are the tempera-
ture of aauppl:pr al.r a.nd ambient alr; Xxisa perpendlcular distance between polnt of air jet and the jet axis; ag,

Iln a,, a,, Cn, ci. c; are all cocff:c:cnt
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Flg 3 The velocity [lcld of Annular air curtain for downwand
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The velocity and Temperature Distribu- jgg| 0 = — 2

tion formulas of Synthitical Air Flow

i+ "As mentioned above, charasteristics of =

the synthitic flow Is simular to the reqularity
of plane jet, and the length of the four slots
are fixed, except bo. So lhe formulas 3, 4

may be suitable, too, for the synthitical folw
field, with experiment data, a series of
regression formulas of velocity and lempera-
ture decay of synthitic flow has been found

out, all of the formulas (for downward air

supply) are as follows: s BRI [ T LA

1) Any point Wlodg Fig. 4 The y axis scctional velocity field for upwards

= I3 o7 e Loy orm k! S ]

o = 0. 0G7Ar® ! (g5) ™" H (€))
2) Axis velocty 2 =6. 057Ar‘“”(§)‘°'"' 1)

Vo - by

3)cross sectional mean veloctly :-—:=0. 3029Ar™ "’(%)""' (5)
4)Cross Sectional mean flow rate; -Ll'i'—' 0. 748Ar" '"(t%)““ - (6)
5)any point temperature -D";= I. seam“-'“(aza)-* o ( Xy T
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6)axis temperature %:a 1. 668Ar™ '“(b%)_'““ m};(‘g)._
: sy MY it g N ¥

7)Crpg scctlon mean temperalurce -g:-=0. 0834 Ar®™ '“(%)‘f“ l. (Bj

HEAT iSbLATION OF THE SURROUNDING AIR CURTAIN

Heat exchange process of Air Curtain and Ambient Air Py .

1. Heat gain getting Into the enclosed space by Eddy Diffusion 1
e | 5
ot~ o

Where; 0 is the temperature of the flour, ¢, is Eddy diffusion coeffcient, eg=%/ uf « L1} v, is horizontalve-

locity , LI Is large scale of turbulent length, it Is a constant In general. In tarbulent jet, the more the val'u::f:! E
Re, the more the value of U, and the more the heat gain by turbulent diffusion. Dueing to Re=2% » So the ‘
1. Turbulent diffuslon heat zaln may be;

Que="£(vyy de) (11)
Where The V, Is outlet air velocity, de is cquivalent dlameter, we defined de as ZF b’ in which Fe Is the total

area of slot outlet and a.b are the length and width of the plane of the enclosed space.
2. Convectlve heat exchange [s ,

Qu=0a(t.:-1y)
Where a Is convective coefficient , it Is related with Re, bo, so we have;

Q¢ =fr (v de; bo; ta—t0) . 4% Ll (12)

3. Heat Gain Caused by Entralment of Amblent Alr

Qu=filluns b—t) . : | A
Where Lals air volume entralned from embient air by air curtain. Le==L—Ls, in which L i flow rate of air
curtain jet and Ly is flow rate of siot outlel. from formule (6), we have - 41

; L/u (2 sl
Lo

So L_/L,mT=f(—, g(t, —to), Yoy Ta)

Thus we, havc (i ) g P i
Qu=ta(ber8Ct—t)s by Ly W) - D)
WHere, I.h supply flow rate per unit area |
T emLofaxb N ;
4. Sumarlzlns equar.lons(ll) (12) (14). wc' il know that the factors which affect the total heat gain Q, In
enclosed space may be wrltten, .. .. .,
Qo =Qu+Q:+Q.n

=f(voy dey Ty Ogsbay 804 lo) (15)
Diathermanycy Coeffieient D and Heat Isolation effectioness

The variation in amount of heat gain getting Into the enclosed space can be expressed by ihe following de-

finition formala.
D='_-."'_t' i (18)
ll_tI -
Where D Is defined Diathermancey coefficlent and t,, Is air temperature in enclosed space.
Obviously, the heat Isolation effectivness nls
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‘_%;5]:.1"-!1-.-—-1-—D=?_'_"‘l: : v ) n
¥ From equation (15), the factor affect the diathermancy coefficient can be expressed;

r'-"f"'n b\-‘".:f(mr:]dc.l:‘.rl! 090 bn 8l 1.) (18)

[ 4-:; L 1n2'Applylng the Pi— theorem, we procced dimmslonal analysls and use w, b,, T, in equatlon (18) as
rﬁﬁllhmcntnl ql.lnnlltlcs. we abtaln non—dimenslonal expressions as follows,

B oxs i d.  gld 11
a‘j.l : l'(.l ¥ b, \J!T. v )i
=f( v Ar, "") . (19)

'Fig 5 gives lh: relauonship between D and Ar. by

d
D)™ a
. __ba” D({==)*?
v 082 0.60 ~“bo !/b'*
. 0.60 . 0 nﬂ'
o 0. 50 >
0. 58 HE
5 - = 0
" 0.56 0. 40 =
0. 54 i b b e -"—/

Vo 18
ALETR = B | Ar(=)
|A|r( _ ? 0. 30 l il l.’-d
052 Jegi0 2 3 4 §678910° 7 10 10" 2 3 4 58687889)0
a Dawnward Condition b upwards conditii 1

Fig 5 The relationship among D. bo and Ar
When t, and t, are fixed, the term 0,/Ta can be canceled,
Consldering the regularity of distribution in Fig 5, and by least square method Lo regress the experiment
datn, the empirieal formulars can be obtalned.

For downward

exli— i = Doy Yy 1Y) (980
D {1 exp(-0. 153—0. 3097InAr( ) —0. 1137 (InAr(;2)*) ]}cma (20)
For upward;
Dn{l—exp(—ﬂ 893-0. ZﬁalnAr( )’ §—0. 0253(InAr( )‘ -8 }( — )03 : (21)
A == lownwnril
il T ———upwWATS b = G
An i i rfor c )
alysis of heat isolation performance 7 / A s by
In order to analyze the heat isolation perfor- 6 //4, —== by = | ™=
mance [eather directly perccived {hrough the senses. We g —77%
T i © b= 100mm
glve out the difference between the ambient air tempera P i / e = 76mih
ture and the menn temperalure of enclosed space air which - &' __,/" ' bs = G3nun.
Is shown In Fig(6). It is obviously that the temperature it
difference Is varing with some factors. For Downward e D ﬁr;_n oo 700 'mi!',';
condition, when at the same flow rate, the more the value th= 3~36T, 1,=201C

bo, the higher the efficiency of heat isolation. Fig6 Temperature reducing

When at the same bo, bo="53mm, the more the air {low rate is the lower the efficiency of heat Isolation
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will be. Thus while bo=76,100mm, however the efficiency of heat isolation is going to ralse as the flow rate
with increas, certainly, when the flow rate come up to its muximum, the efficiency of heat isolation will
come down to sum up. Fopwards conditionThe performance of screen effect is different from downward con-
dition, at the same flow rate, bo=>53mm is better than bo=76 or 100mm, while the width bo is constant,
the heat isolation effect will raising when flow rate increasing. As we know, the cold air sports upwards, it is
retarded by the gravitation, after its initial ascend impulse exhausts, the cold flow retraces downward, so the
screen effect is depended on the initial formed by outlet velocity v, which provids the air cprtaiﬁ flow reach-
ing to the needed acsending height, this is the main reason why the bo should be smalar an'd. the flow rate be
much more large, when the performance of heat isolation is better. -« - - ¢ . les o

DISCUSSION

1. The broad slot outlet is somewhat better than the narrow siot fof heat iaciation using in downward air cur-
tain. But if the flow Tate in the small range. both are approximatle. On the contrary, the narrow slot is obvi-
ously bett'er than the broad slot while using it in the upwards condition. .

2. In the downward condition the mean temperature inside the enclosed space is lower 4. 18C~5. 13C
(Fig6) than ambient air temperature. In upwards contition, it is 2. 4~7. 8'C lower than ambient air temper-
ature. from Fig 6 we have, while supply air rate in the low range, downward air cu.rtmn is benifit for heat
imlausnls while supply air rate in the low range, downward air curtain is benifit for heat isolation; while sup-
ply air flow rate in the high range, upwards air curtain is benifit.

3 . From experiment data we know that tha air temperature distribution In the enclosed space is not uniform.

CONCLUSSION

1. This article investigated priliminary the regularity of surrounding air curtain flowage, give out the regres-
sion formulas for velocity and temperature . distribution

2. investigated priliminary the regularity of surrouunding air curtain has been discusse, experiment data shows
that this kind of local air conditioning instrument posses a certain degree of heat isolation function to reduce the
local space temperature.

3. Proposed a diathermancy coefficient D and defined its definition formula, surveyed a regression formulas
expressin D,
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