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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 certain cooling and air conditioning environment without solid enclosure. The Author sur

veyed thnt a series of !actors nf!crtlng Its veloclly and temperature rtelds, the flow regularity and performance 

of heat isolation of the surrounding curtain have been studied. the regresson formulas of velocity and tempera

ture decay of air curtain flow were ,given, found out the relation between dlathermancy Coefficient of air cur

tain and some main factors. The mean air temperature in the partial space can be lower 5-7'C than that of 

ambient nir. 
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INTRODUCflON : 1! 

Using air curtain e~closur~ to' M~intain the air para~eter in a loc~l zone has been stu<H.-.d and applied In 
. . ·.. . .. ' [31 . .' . ' : '· ·' ·. . . . . .. ' 

some countries such as Britain, japan, swltzerlandCil and china, they are all by aimed at keeping a clean 

working place. It Is certificated that 'ihe ·s~~rou.nditlg air curtain with in~er l~inar flow instrument the effl-
: ·_ 1 _·.·· .. ·• : \! . , , . . ·, . .. . .• 

cency of dust partlcule obstruction Is affirmed. However the possibility Cor maintaining a partial space to pre-

vent heat gain Is clear as mud. Certainly as we 'know; 'a factory In northeast in china ; It Is Said that this 

type of local air conditioning instrument has been applied for heat Isolation, But no reference has been Issued • 
.' : • ' i. : . ~ ,: · i ' , . · · . . ' I. ' · '.' . j _: j 1, ! j .' ~ i . • ' .' - ; ' .' ' ' . ~ ' ! i I , , : • , •• · • ' • " :. ; • ~ ; • • ' • • -. •• . • • : 

A little about surrounding air curtain for heat isolation is Introduced In reference(5), however the calculation 
. : ·.~.... ' : >'·' '1 '.'; ;j .J ; ' .'. ' . ' • I ) .1 •I' I .. I . ! ;: ' 

method and design data are not given. For this reason, we conducted prlllmlnary re.'iCarch work on It to.lnves-

llgate the performance of heat Isolation and the practical po.'iSiblllty of technique imd economicS. ·. ·· ' 

Of course, using air curtain to prevent a little space from heat gain Is not as good ·as solid protective 

scr~en and ll can only reduse the heat gain caused by ambient air infll!ratlon. and con~ectlve heat exchange. 
·.: ,, ;_,' 

METHDOLOGY AND TES1DESIGN 

Considering the research work or rore£athers and the requirment In practise, the author~ defined the space 

enclosed by the air curtain instrument as lm X 2m X 2. 5m and the plane of the Instrum(;n·. is lm wide and 2m 

long, the lest were performed in a testing room with the size 3m X~. 95m X 3. ~m. In orocr to keep the air 
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curtain flow being free jet, we adopted the reduce scale of Instrument. and let the geometric scale be I •' 2,ttie 

Ar of model equal to the Ar of prototype, Then let the ratio of the temperature of model and the temperature of 

prototype be C, = I nnd air telllpernture different rntlo C6 , = I , thus, 

we can obtaln 1 velocity scnle 1 C.=CJ=O. 707 flow rate scale, C0 =C!=O. 177 

_I 1110 sketch · of surrounding air curtain 111odel is shown In figue 1 and a sketch of experimental facially Is 

shown In figure 2. The width of slot outlet is adopted 53mm, 76mm and 1 OOmm In each test. The height of 

slot ls -70mm. The flow rate of air cur~aln is 280m3/n, ~50m3/h, 580m3/hand 750m3/h respectively. The 

ambient air temperature (at outlet) Is 20'C, 22'C, 25'C respectively. At the minimum air flow rate and 

~axlmum bo, the Re=5500~2400, and Pr, Gr= 12. 37X 107~2X 107 , thu.s the velocty and temperature 

field are all In a stale of turbulent Self- modeling zone. 

I Surroun<llnJt Alr , 
curtain Instrument 

---Q 

tll.ll 

sketch ;of A~~~~a~ air Curtain Fi~2 Skecth of experimen~l faclallty 

AIR FLOW PATTERN OF SURROUNDING AIR CURTAIN ,, 
: :\ \) ; 11ihl?.t Jr·q! h> '!-:·1 : ~ ' ' i i.'; :i :-'n ~~ .. :t .... :J ·.~ 

.. ,, 
The reqularlty of cold air jet flow spurted from the slot outlet follows the plane jet, During the first step, 

owelng to air curtains 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 plane jets will curved Inward during its ascending period In the beglnlng, and then unite Into a 
-Lqr~n ~: t • • ,,, : \ · l' ',~ ·~ : .. ,~ : .. , · ··:, · ,: 1 •• ·;:; , ' • ' 

single synthtlc jet by mixing each other, the pressure Inside is equal to the outside. Afterwards, the synthitlc 
., t·' n . • .,. ~ Jr , ', ,- . di~ :.o. '·' • , .• ~ '~ .st1. · :·. •·:· :. . • • • . ·' 
jet begin 'to spread, but It only spreads obviously along the x nxls, and not along y nxls. There for we consider 
', ., 1tJ I , • 1JZII ''• - 1Nl.H1 ,! :.Jl(•l !lb.' l , ~ J ·, II I' ' • " 

that the synthltlc flow Is somewhat similar to plane jet after mixing. See Figure ( 3) and Figure ( •I), 
I ' 'JttCC· i:~dlrq .~ .'·~f.'f!if,!·~!r ,l : \1 ~-:~~!!iJ ... ' ': , r I '\ 

The Velocity; and Temperature Distribution of Plane Jet " .. ·· , . 

'' '' '""'"t ~ 'J, ) ... · • ·· r J • 1, " • " I , .1 · ~ ;
1 

'· 

On the basis of turbulent mechanlcs(•f), Through a series deducting procedur, 1hi theoillcal formulas 
•,. t·~ ~·~~·~·l~l • •tl, • 1 ,,,, ~••ttl I 
have been deduced for velocity and temperature dlstrubutlon of plane jet. 

r •. 1. ,.z ' .• · x I ... "·• " 

- =neAr.'•(-) exp(a3
(-)

2
) •1, Vo ... bo Z 

·. 
ol 

(J) 

~~C.A~• ( Z r'exp( C1( ~ )2) 
Do 0 . , : bo , . 

I I 

(2) 

Where, bo Is the breadth of the slot outlet, u, is the velocity spurted Corm the outlet, 00 is the temperature dif-

ference between ambient sir and supply air, Z is the jet throw, and Ar=gboO/uiT. To and Ta are the temi>era.: 

ture of supply air and ambient air 1 x is a perpendicular distance between point of air jet and the jet axis 1 ao, 
1' . , , . . 

a,, a2, lis, Co, i:,, C1 are all coefficient. 

~' ; . 
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• --Lt~288m1 /h 
O--Lo=4S2m'/h 
X --L=7SOm'/h 

bo=- 53nmt 
la=34'C 
r,-20'C 

(a) x axis section (lJ) T axis section 

Fig 3 The velocity field or Annular air curtain for downwand 

The velocity and Temperature Distribu-

Zc 

\20 

ioo oiJ-J::!!.~==~~=~~~ 
o.5 ~} · ~J%":1.~ 

lion formulas of Synthitical Air Flow so o --·~ ·-·------··--· ~ 

., , · 'As mentioned above, charasterlstlcs of .
0

'
0
5 ~ 

the synthitlc flow Is simular to the requlnrlty ; '. 60 1.0 u ~ . ·• ' .,~ '/~ 
of plane jet, and the length of the four slots 0. sL_LA~~~~~f 
are fixed, except bo. So the formulas 3, 4 40 1 .0~ ~ --· • _4 
may be suitable, too, for the synthitlcal folw fO £/" - -.. ~ 1 

field, with experiment data 1 a series of 0. < p • ====l~~ 
regression formulas of velocity and tempera-

20 0 rK·-- \ . . ,., ·''' I ' 

Lure decay of synthitlc flow has been found \! ~ '' . ,..:,, • , 
out 1 all of the formulas (for downward air o. 5• ' • 

supply) are as follows : : , ,, _ : ., ·• ... · 0 0 L'-' ..:......{-l~--------'---L--L--
1) Any point velocity Fig. -1 The y axis sectional velodtjr' field for upwards 

~=G. 057Ar·0• 117 (~) '0• 10 'e·'· " 1 I 11 

2) Axis velocty ~=6. 057Ar·0• 117 (~) -"· 111 
Uo · llo 

... 
3)cross sectional mean veloctly 

1 )Cross Sectional mean flow rate: 

~ = o. 3029Aro.m <boz >•.n• 
Vo 

_!:: = 0. 718Ar·•· ''7 ( ~ )o.zot 
Lo bo 

5)any point tempemture 
0 Z X o;;-= 1. 668Ar0

· '" (b
0

)·•· ••e·• .. m ( z )1 

'II ' 
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(5) 

(6) 

(7) 



6)axls temperature . ' ·-. 

7)Cross section mean temperature 
n_ . z 

..:z. = 0. 083•1Ar"· '17 (- ) · •· 5~ 
Oa · bo 

HEAT "ISOLATION OF THE SURROUNDING AIR CURTAIN 

Heat exchange process of Air Curtain and Ambient Air 

1. Heat gain getting Into the enclosed space by Eddy Diffusion 

ali <10 
. u=az=~ <Jxl 

: - ""::~ . 

i 1] 

(10) 
rlJ 

Where 1 0 is the temperature of the flour, r.. Js Eddy diffusion coeffcient, ~ ~ Ju:, • Ll 1 u, is horizontalve

locity , Ll Is Iorge scale of turbulent length, it Is a constant In general. In tarbulent jet, the more the vaiu~ : ~f 

Re, the more the value of ii., and the more the heat gain by turbulent diffusion. Dueing toRe= uod., So the 
II 

!."TUrbulent diffusion heat .;aln may be, 

Q"'r=f.<IJo, de) (11) 

Where The V. Js outlet air velocity, de is equivalent diameter, we defined dens 
2

Fbo, in which F0 ls the total 
at 

area or slot outlet and a,b are the length and width of the plane of the enclosed space. 

2. Convective heat exchange Is : · 

Q, = ~:~(t.-to) 
Where 1:1 Is c~nvecUve coefficient , it is related with Re, bo, so we have 1 

Q, ~ft(Uo~o' de; bo~ fa-tO) (12) 
'l 

3. Heat Gain' Caused by Entralment of Ambient Air 

Q,.=fa(L,., t.-t.) 

Where I...;;ls air volume entrained from emblent air by air curtain. L.=L-Lo, In which L il. flow rate of air 

curtain jet ~d Lois flow rate of slot outlet. from formuie ( 6), we have 

, L/~;,..f(~ g(t.-to)b. 
:'.,.. .' bo' \liTa ·· .. , 

. L-Lo Z · 
So L../L.":=,--:r:;-=f(b., g(t.-to), u., Ta) .. '• 

ThUS We, h~Ve 1 \)~ ~::" :.:/~ c ,. 'f' , . :-1 : ' I :J:-': 

, . 

': ;: , 

WHere I '· Is Supply flow rate per unit area . . '' 

,I 

' ~: .... 
f'~ '{ ~/·~.-~/lxb I I ~'J', ; •, ' ' !~-, ;. '!;' ·,1 

.,.: 

'' •'.l 

(H) 

.J,'"' .• . ··---- - · •.. . . -- . .. ' .. 

4. Sume;lzlrig equatlonll(l i )'~ (12) ~ (1-i), we' II kno~ that the factors which affect the total heat gain Q.ln 

enclosed spa~ _mll:Y be 'l'rlt~en 1 Li: ., :. ,, , .I ',I ' 0 oj [It\ 

:•' Qo ==Q~tu+Q.+Q.n .. 
=f(vo, d., T., Oo,b., gO., 1.) (15) 

Diathermanycy Coeffleient D and Heat Isolation cffcctioness 

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

finition formala. 

D= t.,-t. (16) 
t.-t. 

Where D Is defined Dlathermoncey coefficient and t., Is air temperature in enclosed space. 

Obviously, the heat Isolation effectlvness 11 Is 1 
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.. :~ (17) 

the factor n ffect the diathermancy coef ficient can be expressed 1 

, j)',;,f(va,"d; i ·T,, 0o ·; b. , gO., 1.) (18) 

Applying the Pl_;_ 'thcorcm, we proceed dlmmslonal nnalysls and usc u.,, b., T. in equation (18) as 

(UI dnri1c.ntnl IJUnnlltles, we nl>tnln non-dlrnenslunnl exprc.~~lons ns rullows 1 

:ttll 0~ _ r(~ d, gOob. ~) 
' V - T,' b. ' v&T, ' v0 ' 

cl~£:1, 0 d I 
1 , = f(T,' b~' Ar, U:> 

·Fig 5 gives the relationship between D and Ar. b0 

o. 62 • ~ r } 

' o. 60 

o. 58 

o. 56 

~ 1-
~ ~ 

- -- -
- - 1-- - - ~ 

(19) 

0(~, .... 
o. 60 bo I_J-· 

,. / jrl• 

v 0. 50 

0 /. i- _____.__ , . o. {0 

- r-- -- - -- - '" Ar ( lo . r- t~·A I Ar ( ~ )'· o. 54 - )'·' o. 30 
0·52 

1 1 910' • 2 3 4 5 6 7 119 10 . 7 JO·z to·• 2 3 

a Dawnward Condition b upwards condll11 •1 

Fig 5 The relationship among D. bo and Ar 

'When t, and t0 are fixed, the term 00/Ta can be canceled, 

5 6 7 8 9 10' 

Considering the regu lurlty or distribution in Fig !> . und by l c~st squa re mcth<Xl to regress the experiment 

Olltll, the ClllpJricnl fotmuJnrs CUll oo' ol>tnJncd. ,, 
'I 

For downward 

D = { 1-exp(-o.Iss- o. 30971nAr< ~ >' · ~ -o. 1 137(1nAr<f;>•·•rJ }<~> 0· ' 
For upward: 

D= { 1-cxp(- o. 893-0. 2681nAr( ~) " 5 -0. 0253(1n'Ar( ~ )'·1rJ} <::) 0
·
1 

(20) 

(21) 

. f, •.. ~ .... J! 

•, 

Analysis of heat Isolation performance 

In order to analyze the heat isolation perfor

nmnce feather directly perceived through the sense.~. We 

give out the difference between the ambient air tempera

ture and the mean temperature of enclosed space air which 

Is shown In Fig ( 6). It Is obviously that the temperature 

difference Is varing with some factors. For Downward 

condition, when at the same flow rate, the more the value 

bo, the higher the efficiency of heat isolation. 

/\I'(' 

d' 

6 

, 5 

. 3' 

2 

!. 

/ -
~00 ~00 liO,O OliO 

1,=3~-JG'(', 1,=20'C · 

Fig 6 Temperature reducing 
When at the same bo, bo= 53mm, the more the ,air flow rate Is the lower the efficiency of heat JSQiatlon 
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will be. Thus while bo= 76, 1 OOmm, however the efficiency of heat isolation is going to raise 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 eff~t is different_ from downward con

dition, , at the same flow rate, bo= 53mm is better than bo= 76 or lOOmm, 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 11o, which provlds the air curtain flow reach-

'!ilg to the needed acsendlng height, this is the main reason why the bo ~1hould be ~alar and the flow rate be 

much more large, when the performance of heat Isolation is better. , ' .. , ' I . ; \::.; · ,'I . .'; . I · . 

DISCUSSION 
(: 

1. The broad slot outlet Is 8omewhat better than the narrow slot for heat lsalation. usliig i.ri downward air cur-

tain. But if the flow 'rate In the small range. both are approximatle. On the contrary, the narrow slot is obvi

ously better than the broad slot while using it in the upwards condition. 

2. 1n the downward condition the mean temperature inside the enclosed space is lower 4. 18'C"':' 5. 13'C 

(Fig6) tbM ambient air temperature. 1n 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 curtain is benifit for heat 

isolation 1 while supply air rate In the low range, downward air curtain is benifit for heat isolation 1 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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