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THEORY OF AIR CURTAINS
TEOPUSA O BO3AYLUHbIX SABECAX

1.0. Two main principles used during design of air
curtains

When designing air curtains for specific areas one must

bearin mind:

- Interaction of the air flow coming through the doorway
and air flow created by the air curtain

- Mixing of cold air, which gets into the protected area with
the air from the air curtain

By using the first principle we affect the amount of air which
getsinto the area and with the second, its temperature. The
temperature of this air is very important for the subjective
sensing of its behaviour inside the area.

1.1. Principle of interaction of two air flows

This effect can be transferred to the interaction of two
forces. The force of airflow in the doorway F, and the force
of air flow of the air curtain F..
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1.0. 1Ba OCHOBHbIX MPUHLMXMNA UCMNOJ/Ib3YEMbIX MPH
NpoOeKTUpPOBaHMM BO3AYLUHOW 3aBeCbl

MNpu NpoeKkTMpoBaHWW BO3AYLIHOW 3aBechbl ANS AaHHOro
NMPOCTPaHCTBa HEO6XOANMO YUNTLIBATh:

- B3aMMHOEe BJ/IMSIHME BO3AYLIHOro MNOTOKa BXOASILIErO
ABEPHbIM MPOEMOM M BO34YLLUHOIO NOTOKa 06pasoBaHHOM0
3aBecom

- CMellnBaHMe X0sI04HOIro BO34yXa, KOTOPbIN MPOHUKHET B
3allnLaeMoe NpoCTPaHCTBO C BO3AYXOM U3 3aBECHI

Mcnonb3oBaHMEM MepBOro MpUHLUKUMNA OKa3blBaeTcs
B/IUSIHME Ha KOJIMYECTBO BO34yXa, KOTOPbI MPOHUKHET B
NMPOCTPAHCTBO, WCMOJIb30BAHMEM APYroro Ha ero
TeMnepaTypy. TemnepaTypa [JdaHHOro Bo3Agyxa Ans
Cy6BEKTUBHOIO BOCMPUSTUS €ro AeWCTBUA BHYTPMU
NPOCTPaHCTBa OYEHb BaXKHa.

1.1. MpuHUMN B3aMMOAENCTBUA [ABYX BO3AYLWHbIX
NMOTOKOB

OTO AeNCTBME MOXHO NepeBecT Ha B3auMoAenCcTBMe ABYX
cun. Cunbl BO3AywHoro notoka B Asepu Fy u cunbl
BO34YLIHOro NoToka c 3asechl F..
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1.1.1. Force of airflow in doorway F,

This force is created by the effect of airflow in an open,
unprotected doorway (force in doorway). If it is absolutely
calm outside, the flow of air in the doorway is caused solely
by the difference between inside t, and outside t,
temperatures. The picture of airflow looks like this:

1.1.1. CunaBo3aywiHOro notoka B aAsepu F,

dTa cuna obpasyeTca AENCTBMEM BO3A4YLUHOrO MoTOoKa B
CcBO6OAHOM, HE3aLWMNLEHHOM NPOCTpaHCTBe ABepn (cuna B
asepu). B cnyyae ecnm Ha ynuue 6e3BeTpeHHas noroaa,
MOTOK BO34yXa B [ABEPHOM MpOeMe TMPUYMHEH TOJIbKO
pasHuuen BHyTpeHHelr t, n BHewHen TemnepaTtypbl t..
NmeeTcs cneaytolas kapTMHa BO34YLWHOMO NOTOKa

AxB

AxB -

The amount of air, which flows inside is the same as the
amount, which escapes. For a suitable air curtain this is
a case, when the air flow through the door practically stops.
More often however is the case when the wind is blowing
outside and the flow in the doorway then looks like this:

To aid further comments we will consider the speed profile
of the flow in the doorway, compared with the medium
speed of flow v,.

The force of this airflow is dependent on:

- The free opening of the doorway S (m*) = A. B, where A
(m) and B (m) are width and height of the door

- Medium speed of flow in the doorway v, (m/s)

- Density of flowing air p (kg/m?)

And is found using:

F,=(S.v,).p.V,=S.r.v%

Application point of force is considered to be at middle
height of the doorway.
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KonunuecTBo Bo3ayxa, KOTOPbIN CTPYUTCS BHYTPb Takol xe,
KaK KOJIMYECTBO, KOTOPOE YXOAUT HapyXy. s npurogHom
3aBecbl 3TO C/lyyal, Korga npaKTUYecKM OCTAHOBUTCS
OBWXEeHNe B ABepu. HO HaMHOro vauie MMEeKTCs Clyvau,
Koraa Ha ynuvue AyeT BeTep M MOTOK BO3ayxa B ABepu
BbIFAAMT MOTOM C/ieAyoLWMM 06pa3oM:

ONns OanbHeWWwero M3noXeHus 6yaeT yuUMTbIBaTbCA, 4TO
CKOpOCTHOW npodunb noToka BO3AyxXa B [JBEpMU
YPaBHOBELLEH, CO CPeAIHEN CKOPOCTbIO MOTOKA V.

CunaaToro BO3AYLIHOINO NOTOKA 3aBUCUT OT:

- cBO60AHOrO ceveHns aepHoro npoema S (M*) = A. B, rae

A (M) 1 B (M) - WMPUHA, UM Xe BbiCOTa ABEPU
- CpefHss CKOPOCTb NOTOKa B ABEPU V4 (M/CeK)
- yAenbHas MJOTHOCTb  LMPKYISLMOHHOIO

(kr/m?)

BO3AyXa P

COrMaCcHO COOTHOLLEHUIO:
F,=(S.v,).p-v,=S.r.v%,

[elicTBue AaHHOM CU/ibl MPUHUMAETCS NOCPEAUNHE BbICOThI
[BEPHOro npoema.

The company reserves the right of change without previous announcement. ©2VV, spol. s r.o.
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1.1.2.1. Force of air curtain airflow F,

This is a force, which is exerted by airflow of the air curtain
on airflow in the doorway. Application point is at middle
height of the doorway. So even the force of airflow from
the air curtain is force of airflow in this place (not, as it is
sometimes calculated, at the exhaust of the air curtain).

Force depends on these values:

- Volume air flow of air curtain V, (m?/s)

- Density of flowing air p (kg/m?)

- Speed of air flow from air curtain v, (m/s) at application
point of force of air flow in doorway (this is at middle
height of the doorway)

And is found using:
F.=V..p.v,

Airflow further from the exhaust quickly drops. To give you
an idea we provide the following example:

If we assume that the air curtain is situated above a
doorway with the following dimensions AxB =1.0x 2.1 m
(width x height).

The air curtain will be situated just above the door. The
distance from the middle height of the doorway to the
exhaust of the air curtain will be 1,1 m. According to the
graph showing speed of air flow "1" it falls from 13,4 m at
the exhaust of the air curtain to 4,8m at a distance of 1.1 m
from the exhaust (that is about one third!).

Fic
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1.1.2.1. Cuna Bo3ayLLHOro NOoTOKa 3aBechbl F_

3TO0 cMna, ¢ KOTOpPOM MOTOK BO34yXa AeNCTBYET U3 3aBecChl
Ha MOTOK BO34yXa B [ABepu. DTU CUNbl AENCTBYIOT
nocpeavHe BbiCOTbl ABEpPMW. To ecTb M cnna BO34YLWIHOIo
NoTOKa M3 3aBEeChbl ABASAETCH CUIION BO34YyLIHONO NOTOKa B
[aHHOM MecTe (@ He TaK, KaK MHOraa y4mTblBaeTcs - Ha
BbINYCKE 13 3aBEeChl).

Cuna 3aBucuT oT cnegyrwmnx BeIMYUH

- 06BEMHOI Modaun Bo3ayxa 3asecoin V, (M°/cek)

- yAenbHas MAOTHOCTb LUMPKYNSILMOHHOIO BO3AyXa P
(kr/™’)

- CKOpOCTW BO3AYLUHOMO NOTOKa 3aBeckl vV, (M/cek) B MecTe
AEWCTBUA CUNbl BO3AYWHOro mMnoToka B [ABepu
(nocpeaunHe BbICOTbI ABEPHOMO NpoeMa)

M COr/lacHO COOTHOLLEHUIO:
F.=V..p.v,

MoTok BO34yXa Mpuv yaaneHun oT BbIBOAA 3aBEChl 6bICTPO
onyckaeTcsa. [Ana HarnsaHoro npeacTaBfieHMs MpuBeaeM
npumep:

Bynem npepnonarath, YTO 3aBeca HaXOAUTCS HaA ABEPHbIM
npoemMom pasmepamm A x B = 1.0 x 2.1 M (wupuHa X
BbICOTA).

3aBeca byaeTt HaxoauMTbCs Haa camon aBepbto. OT BbiBOAA
3aBecbl K cepeAuHe ee BbICOTbl, TakuM obpasom, b6yaeTr
pacctosiHme 1,1 M. CornacHo rpaduky CKOpocCTb noToka , 1"
CHu3nTCa ¢ 13,4 M y BblBOAA M3 3aBecbl Ha 4,8 M Ha
pacctosiHum 1.1 M oT BbiBOAA (MoYTM oaHa TpeTb!).

The company reserves the right of change without previous announcement. ©2VV, spol. s r.o.
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1.1.2.2, Influence of mass of airflow on range of flow

In this chapter we will show what effect the mass of airflow
has on its range in specific cases. Graph shows the drop in
speed of two airflows from two different air curtains,
whereas both flows had the same initial speed v,. and same
temperature. The length of both air curtain was 1.0m.

Flow "1" was created by the air curtain, which provided
volume of airflow V_, = 1.145 m?/h. Speed of this airflow
at a distance of 1,1m from the exhaust of the air curtain
(= at middle height of the door) v, = 4,8 m/s.

Flow "2" was created by the air curtain, which provided
volume of airflow V_, = 2.080 m>/h. Speed of this airflow
at a distance of 1,1m from the exhaust of the air curtain
(= at middle height of the door) v, = 6,6 m/s.

We compare the forces of both air flows in order to
demonstrate what a large role mass of airflow plays.

Force of flow "1":
F.=V,.p.v,=(1145/3600).1,2.4,8=1,8N

Force of flow "2":
F,=V,.p.v,=(2080/3600).1,2.6,6=4,6N

Conclusion:

The force which is caused by flow "2", is more than 2,5
times larger than that caused by flow "1". Nevertheless the
volume of air in flow "2" is only 1,8 times larger and the
initial speed of both flows are the same.

1.1.2.2. BanusHue Macchbl
paaMyc AeUCTBUA NOTOKa

BO3A4YyWHOrNro noTtoKka Ha

B paHHOM rnaBe nMpOAEMOHCTPUMPYEM Ha HArasgHOM
rnpuMepe, Kakoe BIMSHME OKa3blBaeT Macca BO34YLUHOMo
rnoToka Ha ero paauyc aencteums. paduk  ykasbiBaeT
CHUXXEHME CKOpPOCTM [ABYX MOTOKOB BO34yXa Ha ABYX
pa3HbIX BO3AYLWHbIX 3aBecax, npuyeM oba nNoToka UMEKT
OAMHAKOBYID HayasibHYK CKOpPOCTb V,. U OAWHAKOBYIO
TemnepaTtypy. AnnHa obenx 3aBec coctasnsieT 1.0 m.

Motok ,1% obpa3oBana 3aBeca, KOTopas MocTaBnsia
06BbEMHYI0 nogady Bo3ayxa V., = 1.145 m*/uac. CkopocTb
3TOr0 BO3A4YLHOMO NoToKa Ha paccrtosHum 1,1 OT BbiBOAA
3aBechl (= nocpeamnHe BbICOThI ABEPUN) V,, = 4,8 M/ cek.

Motok ,2“% obpa3oBana 3aBeca, KOTopas nMocTaBnasna
06BbEMHYI0 nogady Bo3ayxa V., = 2.080 m*/uac. CkopocTb
3TOro0 BO34YLWHOro NoToKa Ha paccTtosHum 1,1 M OT BbIBOAA
3aBechl (= nocpeamnHe BbICOThI ABEPU) V,, = 6,6 M/ cek.

CpaBHMM cuny ob6enx MNOTOKOB, u4T0o6bI npoje-
MOHCTPMPOBATb, KaKyl pOJib UrpaeT Macca BO3AYLUHOMO
noToka.

Cunanotoka,1"“:
F,=V,.p.v,=(1145/3600).1,2.4,8=1,8H

Cunanotoka ,2":
F,=V,.p.v,=(2080/3600).1,2.6,6=4,6 H

3aknroueHme:

Cuna, c KOTOpoW AencTByeT noTtok ,2“, 6onee uem B 2,5
pa3a 60sibLLe N0 CpaBHEHUIO C CUITON, C KOTOPOW AeNCTBYeET
notok ,1%. MNMpu 3ToM 06BEM BO3AyXa B noToke ,2" BCEro B
1,8 pa3 6onblwe M HavanbHas CKOPOCTb 06emMx MOTOKOB
oAnHaKoBa.

[m/s]
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111 == Vo= 13,5 m/s; S = 948x49 mm; V = 2079 m¥h —
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1.1.3.0. Result of application of forces F, and F_ -
vertical exhaust

If the exhaust of the air curtain is directed vertically
downwards, the resulting force F, is always directed to the
protected area. It is only possible to restrict the applied flow
force at the doorway F, by increasing the force of the air
curtain flow F, which can be reached either by increased
speed of flow (increased output of the given air curtain), or
by increasing the flowing amount of air (another - more
efficient air curtain), or by a combination of both quantities.

1.1.3.0. PesynbraTt geiicteua cun F, u F. - BepTtHn-
KaJibHbI} BbIBOA,

Ecnn BbIBOA 3aBecbl HanpaBfieH BepTUKaNbHO BHWU3,
paBHogencTBytowas cuna F, Bcerga HanpaBneHa B
3almilaemMoe MNpoCTpaHCTBO. [lecTBMe Cusbl MOTOKa B
asepu F, MOXHO OrpaHuM4ynTb TOJIbKO YBESMYEHUEM CUJbI
rnoToka 3aBecbl F_3Toro foctnrHeM yBennyeHmeM CKOpocTm
rnotoka (yBe/lIMYEHMEM MPOU3BOAUTENBLHOCTM [AAHHOMN
3aBecChl) , UIN Xe yBeMYEHMEM NPONYCKHOM CNOoCcobHOCTU
Bo3ayxa (apyrasi, 6onee npoayKTUBHas 3aBeca) , UK Xe
KOMbuHaunen obenx BeNNYMH .

1.1.3.1. Addition of forces

The vector sum of the airflow forces in the doorway and two
different airflow forces of air curtains is on the illustration.

Produced in EU

1.1.3.1. CymmupoBaHue cun
BekTopHasa cyMMa cuibl BO3AYLHOrMO NoToKa B ABEpPU WU

OBYX Pa3/IMYHbIX CU BO3AYLLIHOMO NMOTOKA 3aBEChl yKa3aHa
Ha pUCYHKeE .

The company reserves the right of change without previous announcement. ©2VV, spol. s r.o.
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You can see, that the stronger flow of the air curtain slopes
more to the ground because of the resulting force. The
slope of resulting forces, expressed by the angle alfa,
should be at least alfa >= 45°. This means that the force of
airflow from the air curtain must be larger or at least on the
same level as the force of air flow in the doorway
(Fc >= Fd)

Table no.1 is attached to give you an idea of the flow forces
caused by various speeds of flow through a doorway with
the dimensions A=1,0 mand B = 2,1 m. Table no.2 shows
the force of airflow of metrical air curtains of various
parameters.

Table no.1 - Force of air flow in a doorway of width A (1,0
m) and height B (2,1 m), density of airis p = 1,2 kg/m?® for
various real speeds of air flow v, (m/s)

F,=(AxB).p.v,’

Speed v, [m/s] Force F, [N]
cKopocTb V, [M/cek] Cuna F, [H]

0,5 0,63

1,0 2,52

1,5 5,67

2,0 10,10

25 15,75

3,0 22,68

Table no.2 - Force of air flow for metrical air curtains of
various output and at various speeds of flow v, (m/s) at a
distance of 1,1 m from the exhaust (in the middle of the
doorway)

Fc=V..p.v,;

Volume flow of screen V., [m*/h] / [m’/s]
06LéMHan nogava 3aeechl V_[M’/uac] / [m°/cek]
1000/ 0,28
1500/ 0,42
1500/ 0,42
2000/ 0,56
2000/ 0,56
3000/ 0,83
3000/ 0,83
4000/ 1,11

Remember:

From table no.2 we can see, that a strong air curtain creates
a force of 8,0 N in the middle of the doorway. To fulfil the
condition, that the force of the flow from the air curtain
should be at least as large as the force of air flow, according
to table no.1, we see that speed of air flow vd on the
doorway should not be greater than 1,5m/s. Experience
has shown, that at speeds vd higher than 2,0m/s the air
curtain cannot be used successfully without further steps
being taken to restrict the speed of flow through the
doorway. Here, an air lock, or revolving doors are suitable.
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Speed of flow v, [m/s] at a distance of 1,1m
CkopocTb noToka v, [M/cek] Ha paccTosHuu 1,1 M

3,0
3,0
4,0
4,0
5,0
5,0
6,0
6,0

BuaHo, 4Tto 60/51€e CWU/bHBIM MOTOK 3aBeCbl HAK/IOHUT
paBHOAENCTBYHOLLYI cuny 6onblie K 3emne. HaknoHeHne
pPaBHOAENCTBYIOLLEN CWMbl, Bblpa)eHHoM yrnom anda,
[O/MKHO 6bITb XOTHA 6bl @andpa >= 45°. IT0 3HAUUT, YTO CMNaA
BO34YLUHOrO NOTOKa 3aBEChl A0J1XKHA 6bITb 60MbLUe UK Xe
KakK MMHUMYM pPaBHSATbLCS CMIe BO34YLLHOIo NoToKa B ABEPU
(F.>=F,).

Ona npeacraBneHuns, Kakykw Cuiy TMOToKa B ABeEpu
pasmMepamm A = 1,0 M 1 B = 2,1 M BbI3blBaeT passinyHas
CKOpPOCTb NoTOKa, Npunaraetca tabnvua N° 1. B Tabnunue N°
2 yKasaHbl Cu/ibl BO3AYLWIHOMO NOTOKA METPOBbLIX 3aBeC C
pasnMyHbIMK NapaMeTpaMu.

Ta6bnmua N2 1 - Cuna BO3AYLWHOrO MOTOKa B ABeEpwU
wupuHor A (1,0 M) u Bbicoton B (2,1 M), yaenbHas
NIOTHOCTb BO34yXa COCTaBMsfeT P 1,2 kr/™M® ans
pPa3NYHbIX peasibHbIX CKOPOCTEN BO3AYLIHOMO MOTOKa V,
(m/cek)

F,=(AxB).p.v,’

Ta6nuua N2 2 - Cuna Bo34yLLHOMO NOTOKA METPOBbLIX 3aBeC
C pasavMyHOMW MNpPOU3BOAUTENBbHOCTbIO (MPOMNYCKHOM
CNOCOBHOCTbIO) M C pas/IMYHbIMU CKOPOCTSMWU MOTOKA V.
(M/cek) Ha pacctoaHum 1,1 oT BbiBOAa (nocpeaunHe
ABEPHOro npoema)

Fc=V..p.v,?

Flow force of screen F_ [N]
Cuna noToka 3aBechbl F, [H]
1,0
1,5
2,0
2,7
34
5,0
6,0
8,0

MoMHuTe:

M3 Ttabnuubl N2 2 BMAHO, 4YTO CU/IbHasa 3aBeca cO34acT
nocpeavHe asepu cunay 8,0 H. YT1o6bl yaoBneTBopuThb
ycnosue 1 4tobbl cmna noToka 3aBecbl UMena Kak MUHUMYM
TaKyl BeUYMHY, KaK cuna noToka BO3AyXa, COrnacHo
Tabnnue N2 1, cKOpOCTb BO34YLLHOIO NOTOKA V, B AIBEPHOM
rnpoeme He Ao/MKHa 6biTb 6onbwe yem 1,5 m/cek. OnNbIT ”
rnpaKTMKa yKasblBatOT, YTO Npu CKOPOCTU v, 6onblie yem 2,0
M/CeK HeNnb3s BO34YLUHYH 3aBeCy YCMewHO MCNoib30BaTb
6e3 panbHenwero nNpUHATUS Mep ANs  OorpaHuYeHus
CKOPOCTM BO3AYLUHOrO NMOTOKa B ABEpU. YMECTHO c034aTb
Tambyp , WM UCNOMb30BaTb TYPHUKET .

The company reserves the right of change without previous announcement. ©2VV, spol. s r.o.
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1.1.3.2. Resulting effect

In practice it is later possible to express the amount of
screened air graphically asis shown in the illustration.

A stronger airflow has a higher screening effect, but even a
very strong flow cannot totally screen the flow of escaping
air. A well-designed air curtain can screen up to 75 % of
incoming air in the case of a vertical exhaust.

1.1.3.2. Pe3ynbTaTthbl

B npakTvke KOJMYECTBO OTKPbITOrO BO34yXa MOXHO
Bblpa3unTb rpadmnyecku, Tak, Kak 3TO yKa3aHOo Ha pUCYHKe.
bonee cunbHbIM MOTOK BO3Ayxa uMeeT 6onee BblCcOKOe
3acnoHsLee 4eiCTBUE, HO AaXe 0YeHb CU/IbHbIV MOTOK He
MOXeT MOTOK TMpOHMKawLWero BO34AyXa MOJIHOCTbIO
OTKPbITb. KayecTBeHHO CNpoeKTMpOBaHHas 3aBeca MOXeT
OTKPbITb B Clly4yae BepTUKaslbHOro BbiBoAa OKosio 75 %
NMpOHKMKatoLLero Bo3ayxa.

1.1.4.0. Result of application of forces F, and F, -
inclined flow

If the exhaust of the air curtain is directed at an angle out,
the resulting force F, can be directed vertically downwards
or even out of the protected area under the correct
conditions.

Produced in EU

1.1.4.0. Pe3ynbTtatbl gencrBusa cun F, n F. - HaKNOH-
HbIA NOTOK

Ecnv BbIBOA4 3aBecbl HampaBfieH MOA Yr/ioM Ha ynuuy,
paBHoaencTBytowas cuna F, npu onpeseneHHbIX yCIoBUAX
MOXET HamnpaBfsiTbCA BEPTUKANbHO BHU3, WIW, HAKOHeL,
Hapy>Xy U3 3allMLLAaeMOoro NpoCTpaHCTea.
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This could partly or totally lead to the cancellation of flow

force in the doorway. In this case the applied forces of flow

in the doorway F, can be restricted

- partly by increasing the force of flow of the air curtain F,

- partly by sloping the force F_ (exhaust of the air curtain)
outside

Bnarogapss 3TOMy MOXET MPOU30MTU YacTUYHOE WU

NMosiHOe MpeKpalleHne AeNCTBUA CUbl MOTOKa B ABepu. B

[aHHOM cnyyae peicTBue cuibl NoToka B aABepu F, MOXHO

OrpaHNYmnTb

- 0TYaCTM yBEIMYEHWMEM CUJTbl MOTOKaA 3aBechl F,

- 0TYacTM OTKIOHeHMeM cunbl F, (BbiBoAa 3aBecbl) B
HanpaBeHUN HapYXy

;| [F
|
l
Fq l
)

L F

\
\
\

1.1.4.1. Addition of forces

The vector sum of the airflow in the doorway and two
different forces of flow of the air curtain is shown on the
illustration.

Here we show the case, when the resulting force F, is
directed vertically downwards. If we want to reach it, we
must tilt the air curtain at an angle of y (we do this by
turning the air curtain or by turning the exhaust nozzle of
the air curtain). It is necessary to realise, that the vertical
element of the force of flow of the air curtain significantly
drops when tilted and also the range of flow. This must be
taken into account and a more efficient air curtain used.

A larger force of air curtain F, needs to be tilted by
a smaller angle than force F,, to achieve the same effect.
The vertical element of the larger force of air curtain, at the
same time, changes less and so its screening effect is
better. The more we angle the flow from the air curtain, the
more range we need because the path of flow to the floor
significantly lengthens at larger angles of tilt.
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1.1.4.1. CymmupoBaHue cun

BekTopHasi cyMMa cusbl BO34YLWHOro MoToka B ABEpU U
[ABYX pas/iMyHbIX CUJ1 BO3AYLLHOIO NOTOKa 3aBEChl YKa3aHo
Ha pUCYHKe.

34ecb yKasaH cnyvan, Kkorga paBHogencTByowas cuna F,
HanpaBfieHa BepTMKaNbHO BHM3. YTOObI 3TOro AOCTUYb,
HE06X0AMMO 3aBEChI HAKTOHUTL MOJ Yr/ioM Y (3TOro MOXHO
[OCTUYb MOBOPOTOM 3aBeChl, UM MOBOPOTOM BbIMYyCKHOIO
conna 3aBecbl). HeobxoaMMO yuuTbiBaTb, 4YTO BEPTU-
KanbHas cnaratouwas Cufbl NOTOKa 3aBechl MpPU HaKJIoHe
3HAUYMTENIbHO YMeHbLlaeTcs, a TakuMm obpa3oM u paguyc

OeNCTBUSA TMOTOoKa YyMeHbllaeTcs. ITo Heob6XxoaAuMo
YUMUTbIBATb W WCMOSb30BaTb 6osee WCNOMHUTENbHYIO
3aBecy.

Bonbwyto cuny 3asecbl F, 0n8 OOCTUXEHUSA Takoro xe
3¢ deKkTa 4OCTAaTOYHO HAKJ/IOHUTb A0 MEHbLLIEro yrna, Yem
cuny F_,. BepTukanbHas cnaratowas 6onbLuen cnnbl 3aBechl
rnpu 3TOM U3MEHUTCS MeHblue U eé 3acNoHsaWnin a3 deKT
nyduwe . Yem 6onblue HAaK/TOHEH NOTOK 3aBechkl, TeM 6osbLue
HaMm HeobxoaMM paanyc AeNCTBUSA, TaK Kak NyTb MNOToKa K
rnosly C YyBEJIMYEHWEM HaKJIOHA BbIPA3UTESIbHO YMEHb-
LaeTcs .
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In practice, it has been shown that the most effective
angle of flow is angle Y = 10 to 30°. However the
force of the flow from the air curtain F, must at the
same time be about two times larger than the force of
flow in the doorway F,. So the following relationship
should apply F. >= 2F,.

B npaktuke noarBep)>AeHo, 4Yto camoe 3¢dpdekTu-
BHOE HaKJ/IOHEeHMEe BO3AyLWHOro NnoToka 3aBecCbl Ha
yron Y =10-30°. Ho npu 3TOM cusia noToka 3aBechbl F,
AOJKHA 6biTb Npu6AM3UTENbHO B ABa pa3a 6onblue
yeM cusia BOo3AylWHOro nortoka B ABepu F,. To ectb
[OJDKHO AeACTBOBaTb cCOOTHoweHue F_.>= 2F,.

F1C

1.1.3.2. Resulting effect

The result of application of both airflows in the doorway and
the amount of screened air is graphically shown on the
illustration.

By tilting the airflow of the air curtain it is possible to get
good results even under more demanding conditions. Not
even tilting the airflow of the air curtain can totally screen
the protected area from incoming air. A well-designed air
curtain can screen up to 85 % of the incoming air if the
exhaust is tilted.
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1.1.3.2. Pe3ynbTarthbl

PesynbTaT AeicTBUSA 060MX MOTOKOB BO3AyXa B ABEPHOM
npoemMe 1 KOJIMYECTBO OTKJIOHEHHOIO BO3yxXa rpadudecku
NnoKasaHo Ha PUCYHKe.

Mpn HaKMOHE BO34YLUHOro NOTOKA 3aBEChbl MOXHO AOCTUYb
1 B 6onee CNoXHbIX ClydYasX Xopolme pesynbtatbl. [axe
HaK/IOHEeHMe NoToKa BO34yXa M 3aBeCbl He CyMeeT TMOTOK
NpOHMKAIOLWEro BO34yXa MOMHOCTbIO OTKPbITb. Kaue-
CTBEHHO 3aMpoeKTMpOBaHHas 3aBeca MOXET B cay4ae
HaK/IOHEHHOrO BbIBOAA OTKPbITb 0KOMO 85 % npoHuka-
foLLero Bo3ayxa.
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1.2.0. Air mixing

This concerns the second principle on designing and use of
air curtains. Because the air cannot be prevented from
coming in through the doorway even if it is protected by a
air curtain, itis necessary to heat the air, which gets into the
protected area. Heating can luckily be accomplished by
mixing of the air, which gets in through the door with air
from the given air curtain.

So we can get some idea of the functioning of the mixing
process and about which values appear here, we use the
following example:

A door with the dimensions A = 1,0 maB=2,1mis
protected by an air curtain, which provides the volume flow
V, = 3500 m?/h at the temperature t, = +35 °C. Speed of
airflow in the doorway is v, = 1,0 m/s. Outside air has a
temperature of t, = +5 °C. The air curtain is well designed
and screens 70 % of incoming air.

Without the air curtain, the following amount of cold air
getsintothearea V,:

V,=v,.(A.B)=1,0.(1,0.2,2) = 2,2 m’/s = 7920
m3/h

The air curtain reduces this amount to V,,:

V,=V,.30% =7920.0,3 = 2400 m°/h

Produced in EU

1.2.0. CMewumBaHue Bo3ayxa

Peub mnpgetr o BTOpPOM MpUHUKUNE, WCMOJIb3YEMOM MpU
NMPOEKTUPOBAHUN N NCMOJTIb30BaHUN BOB,CI,yLIJHOVI 3aBecChl.
Tak Kak Henb3sl NpeaoTBpaTUTb NMPOHUKHOBEHME BO3AyXa
ABEPHbLIMK MpoOEMaMU, N €C/TN OHU 3allLLEHDI 3aBec0|7|, TO
HeobXoAMMO HarpeTb BO34yX, KOTOPbIM MonageT B
3almllaemMoe MpocTpaHCTBO. HarpeBaHme npoBoaUTCS
npeuMyLecTBEHHO CMeWnBaHUEM BO3A4yXa, KOTOPbIN
MPOHWK ABEPHbIM MPOEMOM, C BO34AYXOM MNOCTaB/ISIEMbIM
3aBECOon.

YT0obbl MMETH npeacraeiaeHne o TOM, KaK MpouncxoanT
CMeLllnBaHMeE NOTOKOB BO34yXa U O TOM, KakKne BeTNMYUHDbI
34€Cb BCTpe4alkoTCAa, NnpnBeaeM npuMep:

OBepb pa3zmMepamm A = 1,0 M 1 B = 2,1 M 3awmuieHa
BO34YLUHOW 3aBecon, KoTopas nocTaBnseT OO6bEMHYIO
nogauy V., = 3500 m>/uac c TemnepaTtypoi t, = +35 °C.
CKOpOCTb BO3AYLIHOMO NOTOKa B ABEpPU cocTaBnseTtv, = 1,0
M/cek. Bo3ayx Ha ynuue nMmeet Temnepatypy t. = +5 °C.
3aBeca XOpoLWoO CrpoekTupoBaHa wu oTkpoeT 70 %
BXOAALLEro BO3ayxa.

Be3 3aBecbl B MNPOCTPAHCTBO nMonager cheaylolee
KOJIMYECTBO X0JI04HOro Bo3ayxa V,:

V,=v,.(A.B)=1,0.(1,0.2,2) = 2,2 M°/cek = 7920
m?/uac

3aBecoW 3T0 KOSIMYECTBO NPUBOAMTCA KV,

V,=V,.30% =7920.0,3 = 2400 M*>/uac
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On the diagram we show, how the mixing of air ends up
from a air curtain, which provides the amount V., = 3500
m?>/h at a temperature of t, = +35 °C, with air, which gets
into the protected area V,, = 2400 m*/h at a temperature
oft,=+5°C.

The diagram shows that the more the air curtain provides,
the higher the temperature of the mixture. This also applies
for the air temperature from the air curtain. This cannot be
raised too much, because on entering the door
unpleasantly hot air would be blown onto people's heads.
This is why it is recommended to work with temperatures of
the air curtain around +35 °C.

From experience we know that this point of view is
often neglected at the design stage. This is a mistake.
From what had been mentioned it is evident, that the
range of airflow cannot be (and is not) the only
criteria for appreciation of suitability of air curtains.
Volume of air provided is not only important for
reaching the maximum force of flow from the air
curtain but also for reaching bearable air
temperatures, which getinto the protected area.
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Ha anarpamme m3obpasmM, Kak Npon3onaeT cMelumBaHue
BO3JyXa M3 3aBecCbl, KOTOpas nocraBnsieT konm4yectso V, =
3500 m*/uac c TemnepaTypoit t, = +35 °C, C BO34yXOM,
KOTOpbI B 3aliMiiaeMoe NpOCTPaHCTBO MpOHMKaeT V, =
2400 m*/u cTemnepaTtypoit,= +5°C .

Ha avarpamme BMAHO, 4TO 4yeM 6onblue BO3AyXa 3aBeca
nocTtasfseT, TEM Bbllle TeMrnepaTypa cMecn . To Xe camoe
OeACTBYeT Ana TemnepaTypbl BO3Ayxa M3 3aBecbl. Eé
He/b35 C/IWKOM CUJIbHO YBENMYMBATb, TaK Kak MNOTOM Mpwu
NPOXOXAEHUM [ABEPbIO AyeT Ha rofIoBbl MPOXOAALLNX
HEMPUATHBIA TOPSAYNIA BO3AYX Mo aToM npuynHe He
pekoMeHAyeTcs paboTaTb C TeMnepaTtypamu BO3AyXa M3
3aBechbl Ha YpoBHe o0koso +35 °C.

U3 onbiTa 3HaeM, YTO NPU NPOEKTUPOBAHUMN 3aBECDI
3TOT acnekT 4YacTo COBCEeM WrHopupyertcsi. ITO
HenpaBu/bHO. M3 ykasaHHOro BMAHO, UTO paaMyc
AEeACTBUA BO3QYLUHOMO NOTOKAa He MoXkeT 6biTb (U He
fIBJZISETCA) €AMHCTBEHHbIM KpUTEepueM AJIS OUEeHKMU
NMpUrogHocTu 3aBecbl. O6bEM nocraBnsieMoro
BO3[lyXa Ba)>XeH He TOJIbKO AN [AOCTUXKEHUSN
MaKCUMMaJZIbHOW CUNbl NOTOKA 3aBecbl, HO M Anf
AOCTUXKEHUSsI AONYyCTUMOW TeMnepaTtypbl BO3AyXa,
KOTOPbI/ NPOHUKHET B 3alUuMLlaeMOoe NPOCTPAHCTBO.
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2.0. Basis for air curtain design

Air curtain design is complicated, above all because it is
difficult to set a basis for design in advance. This concerns
the fact, that it is not possible to establish the behaviour of
the building with a view to the possibility of draughts nor is
it possible to determine the behaviour of wind in the place
where the building will be situated. The design will
always be on the basis of a qualified estimation.

At the design stage the biggest problem is determining the
speed of the airflow through the doorway. This is assigned
especially by the situation of the building and
constructional solution of the protected area.

2.1. Influence of situation of the building

The building may be situated in a densely built up area on
a street, a square or on the corner. But also in a not very
built up area in an industrial or business centre or even
standing alone, which is wusually the case with
supermarkets. Further to this it could be situated in
countryside with weak or strong wind blowing from various
directions or mainly from one direction. All these cases
have a significant influence on the speed of airflow in the
doorway.

For rough orientation we have provided the following table
of typical values of air flow speeds v, on doorways of
buildings situated in various different places:
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2.0. McxogHble paHHble AN MPOEKTUPOBaHUA
3aBechl

MNpoeKkTUpoBaHue 3aBeChl C/IOXHO B MePBYIO ouepeab U3-3a
TOro, YTO TPYAHO NpeaBapUTENbHO OMpeaenUTb NCXOAHbIE
[aHHble Ansa eé NpoeKkTUpoBaHus. [eno B TOM, UTO Hesb3s
TOYHO oOnpefenuTb MNOBeAeHWE 34aHusl, NpUHUMas BO
BHMMaHME BO3MOXHOCTb BO3HWKHOBEHUS CKBO3HSKa,
TPYAHO onpeaenuTb AeNcTBUE BETPOB B MeCTe, rae CTouT
3paHne. Peub 6yaeTr vaTM Bcerga O MPOEKTE Ha
OCHOBaHUM KBan(puLMpoBaHHbIX OLLEHOK.

Mpu npoekTnpoBaHnM 3aeechbl camor 6onblwon npobiemon
ABNSIETCSA onpefeneHne CKOPOCTM BO3AYLIHOrO MoTOKa B
ABepHOM mnpoeMe. OHa onpegenseTcs rnaBHbIM 06pa3oM
pacnosio)keHMeM 3[4aHUSA 1 CTPOUTE/IbHbIM peLle-
HMeM 3alMLiaeMoro NpocTpaHCcTBa.

2.1. BansiHune pa3MeLlleHunUs 3qaHus

34aHue MoxeT 6bITb pacnosiIoXKeHO B MJI0THOM 3aCTPOMKe Ha
ynvue, Ha naowaaun WamM Ha yriay. A Takxe B peakon
3aCTpOMKe MPOMbILUAEHHbLIX WM TOProBbIX LEHTPOB WU
Aaxe MoxXeT 6biTb NpakTnyeckn cBo604HO pPacrnonoXeHO,
YTO C/ly4aeTcsa y cynepMapkeToB. Kpome TOro, oHO MOXET
CTOSITb B MECTHOCTWU C CWUJIbHbIMW WM cnabbiMm BeTpamu,
OYOWNMN B PasfIMYHbIX HaMpaBieHUaX, WKW MpeuMy-
LeCcTBEHHO B OAHOM HamnpasneHun. Bce 3Tn dakTopsl
OKa3blBAT 3HauyMTeNbHOE BJIMAHME HA CKOpPOCTb
BO3JYLUHOMo NOTOKa B ABEPU .

Ons npnbnnsntenbHOM OpUEHTUPOBKKU Npueenem Tabnuuy
TUNNYECKMX BENYNH CKOPOCTM BO3AYLIHOIO MOTOKa V4 B
ABEpPHbIX MpoeMax pas3nnyHbiM 06pa3oM pacnoNOXeHHbIX
34aHuN:
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Tabnuua 1 - Tunuyeckme BENYNHbI CKOPO
LHOro noToKa B ABEpPU

Table 1 - Typical values of speed v, of airflow in doorways

Description of position
OnucaHue cutyauum

place which is very well protected against wind; wind free almost all of the time. Flow in the doorway is caused by the difference in temperature outside and
inside the protected area (e.g. entrance to public building from underground garage)
MeCTa, O4eHb XOPOLUO 3alLlULLeHHble OT BEeTpa, rae npakTtun4yecku scerga obecneyeHo GGBBeTpMe. MoTok B ABepu npudnHeH pa3HI/IL|el7I Temneparyp BHe U

2NI/Z

CTN vV, BO34Y-

v,[m/s]
v, [M/cek]

0,3+0,5

BHYTPM 3aLLMLLAEMOro NpoCTPaHCTBa (Hanp. BXoA B 06LLECTBEHHOE 3AaHNe U3 MOA3EMHbIX rapaxei)

place, where the wind blows along the doorway. This is a typical case in a heavily built up urban street.
MecCTa, rje BO3MOXHbIV MOpbIB BETPA HanpaeneH BAOMb ABepyu. 3TO TUNUYECKWIA NpUMep ANS yNnL, B IyCTO 3acefieHHOM ropoge.

0,8+1,8

place, where there is medium strength airflow and the wind may blow against the doorway. This is a typical case on corners and squares in cities

MeCTa, rie MeeTCd NOTOK Bo3ayxa cpeﬂHeM BEINMYUHBI U IOe NOopbIB BETPA MOXET ObITb HanpasJieH NpoTuB ABEPU. 37O TMNMYecKnii cnyqa|7| AOna yrnos u

nnowagew B ropogax

1,2+1,6

place, where strong winds blow against the doorway. This is a typical case in freestanding buildings, which are for example shopping centres on the edge of

cities.

MecTa, rae ,D,BVICTBy}OT MOTOKU C CUJTbHbIM HAaNnoOpOM NPOTUB ABEPU. 370 TMNNYECKNIN CJ'Iy'~IaI7I CBOOOZIHO CTOALMX 3AaHUI, KaK HanpumMep, TOproeble LEHTPbI

Ha oKpamHax ropoaa.

2.2. Influence of constructional solution for building

We can contemplate three basic types of area, which are
given constructional solutions for buildings. Protected area
is understood to mean an area, which we ant to protect
from the effects of outside air coming in through the
entrance of gate opening.

1/ area type "A" - is of the type, which is not connected
with another floor by an open staircase. All entrances are on
only one side of the protected area. Other constructional
openings are insignificant from the point of view of draught
or chimney effect. This case is optimal for the use of

screens.

o
porss

2/ area type "B" - is of the type, which is part of a multi
storey building and is connected with other floors by an
open staircase. All entrances are on one side of the
protected area. Other constructional openings are
insignificant from the point of view of draught creation. In
this case special care must be taken when designing the air
curtain. Problems may arise.
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14+35

2.2. BaMsiHne CTpoOUTEsIbHOI o peLeHus 3qaHus

MOXHO MpPWUHMMaTb BO BHWMMaHME TPWU OCHOBHbIX TuMa
3almaemMbiX MPOCTPAHCTB, KOTOpPble OMnpeaenstTcs
CTPOUTESIbHbLIM pelleHneM 3aaHus. [oa 3alMLLEHHbIM
MPOCTPaHCTBOM MOHMMAETCS MPOCTPAHCTBO, KOTOPOE Mbl
XOTUM 3alUTUTb OT AENCTBUS NOTOKA HApY>XHOro Bo3ayXa
nocTynarwllero BXOASLWMWM ABEPHbIM MPOEMOM WU
BOPOTaMMU.

1/ npoctpaHcTBO TMNa ,A" - 3TO TaKkoe MPOCTPAHCTBO,
KOTOPOE He COeAMHEHO C 3TaXXOM OTKPbITOM feCTHULEN. Bce
BXOAHble [ABEpV HaXOAATCA TONbKO Ha OAHOW CTOPOHEe
3awmwaemMoro npocrtpaHcTea. OcTanbHble CTPOUTENbHbIE
OTBEPCTMSA HE MUMEKT 3HayeHuss C TOYKM 3peHus
obpazoBaHMsA CKBO3HAKA WU AbIMOXOAHOMO 3 deKTa .
DTOT cny4van onTUManeH Ana UCNofib30BaHWS 3aBec.

2/ npocTpaHcTBO TMNa ,,B™ - 3T0 Takoe NpocTpaHCTBO,
KOTOpOE $BNSAETCA COCTaBHOW YacCTbld MHOM03TaXXHOro
30aHMA N COeAMHEHO C JAPYrMMW 3TaxaMu OTKPbITON
necTHuuen. Bce BXoAHbIE ABEPU HAXOAATCSA TOIbKO C OAHOMN
CTOpPOHbI 3awuuiaeMoro npoctpaHcTBa. OcTanbHble
CTpoUTesIbHble OTBEPCTUSA HE WMMEKT 3HAUYEHUS C TOUKMU
3peHunst o6pa3oBaHNs CKBO3HSKaA.

B naHHOM cnydae HeobxoAMMO yaAensaTb NPOEKTUPOBaHULIO
3aBecbl 60/bLIOE BHUMaHME. MOryT BO3HUKHYTb Mpobiemsl.
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3/ area type "C" - is of the type, which is not connected to
other floors by an open staircase. However the entrances
are not only on one side of the protected area, or there are
constructional openings on facing walls or sides, which are
significant from a point of view of draught creation.
In this case, an air curtain is often not able to fulfil its
function properly without suitable constructional
measures.

S =, o
==

Influence of constructional solutions of a building on the
speed of airflow in the entrance doorway is expressed by
the coefficient k, , which is multiplied by the air speed v,
shown in table 1 in chapter 2.1.

Area type Correction k,
NPOCTPAHCTBO TUNa nonpaeka k,
A 1,0
B 1,6
(o] 2,0

Speed of airflow in a specific area is then calculated as
a product
VvV, =V, . kK,

This is not finished. The calculation of economies, which will
be used for a basis of construction, is missing! The note
about savings will not be present until this calculation.
Unfortunately other factors are also involved such as non-
technical considerations attempting to save on investment
funds by not using an air curtain or if at all then the
cheapest available (which "blows too").
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3/ npocTtpaHcTBOo TMna ,,C" - 3TO Takoe NMpPOCTPaHCTBO,
KOTOpPOE He COeAMHEHO C APYrMMWU 3Ta)xaMu OTKPbITOMN
necTHuuen. Ho BXxoaHas ABepb MMEETCS HEe TOJIbKO C O4HOW
CTOPOHblI 3allMWAaeMoro MNpPOCTpPaHCTBA WAM Ha
NMPOTMBOMOJIOXHON UNN 6GOKOBOW CTOPOHE WMeKTCS
CTpoUTENbHbIE OTBEPCTUS, KOTOPble C TOYKM 3peHus
06pa30BaHMs CKBO3HSIKA UIPatOT BaXXHYO Posib.

3To cnydal, Kkoraa 3aBeca 6e3 COOTBETCTBYHOLIMX
CTPOUTENIbHbLIX Mep 4acTo HecnocobHa Haanexawmm
06pa3oM BbIMOJTHATL CBOKO paboTy.

BAnsHne CTpouTeNbHOrO pelleHus 34aHUA Ha CKOPOCTb
BO3AYyLWHOr0O MOTOKa BO BXOAHOM [ABEPHOM MpoeMe
BblpaXaloT nonpasoyHble KoadduumeHTbl K, , Ha KOTOpbIE
YMHOXaeTCs CKOpOCTb BO34yXa V, YKasaHHas B Tabnuuye 1
B rnase 2.1.

CKOpOCTb BO3AYLUHOIO NOTOKa B KOHKPETHOM MpPOCTPaHCTBE
paccuUnTbIBAETCS Kak Npou3BeaeHmne
VvV, =V,. k.

K coxaneHuto 3HaYnUTeNbHYIO pofib UrpaeT Takxe dhakTop
COBCEM HETEeXHUYECKUA U TMOo3TOMYy CTpeEMNeHune
C3KOHOMUTb WMHBECTULMOHHbIE CpeACTBa Tak, 4YTO 3aBeca
BOO6LLE HE WMCMNOoNb3yeTcs, WM ecIM UCMOoNb3yeTcs, TOo
camas aewesas (KoTopas ,ToXe noaayer).
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This is despite the fact that it is easy to prove, that a well-
designed air curtain quickly pays for itself thanks to savings
on heating. It is worth adding, the pleasanter inside
climate, which amongst other things increases the feeling
of comfort and lowers illness among workers in these areas.
Further to this thereis less dust, less insects,...
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XOT9 MOXHO Jflerko [AokasaTb, UYTO XOpOoLWO CrpoeKTu-

poBaHHas 3aBeca oO4eHb ObICTpO oKynuTcsa 6narogaps
3KOHOMMK Tenna. K aToMy MOXHO Takxe aobasuTb 6onee
MPUATHBLIA KAMMaT BHYTPW, KOTOPbIA KpPOME OCTasibHOro
NMoBbIWAET YYBCTBO TEMIOBOro KoMdopTa W CHWMXaET
3aboneBaemMocTb numy, paboTarowmMx B AAHHOM MPOCTPaH-
cTBe. KpoMe TOro, 34ecb MeHblUe MblIbHOCTb, MeHblue
HaCeKoMbIX, ...
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