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NHTerpanbHble XapakTepUCcTUKM TepMorpaBUTaLNOHHON
KOHBEKLMW B BO34YLLUHOW NPOCIIONKE HABECHbIX BEHTUNUPYEMBbIX
doacagos

UnxerHep 4.B. Hemoea*,
@re0Y B0 CaHkm-lNemepbypackuli 20cydapcmeeHHbIl noaumexHudeckuli yHugepcumem

KnioueBble crnioBa: HaBecHble BEHTUNMPYeMble hacaibl; BEHTUNMPYEMbIN KaHan; rmapaBrinyecku
onTUManbHbIA; 3HeprocbepexeHne; HapyXHble Orpaxaalolime KOHCTPYKLMKM; CBOGOAHOKOHBEKTMBHOE
TeyeHue

HaeecHon BeHTUnupyembii pacag (HB®P) BknovaeT BepTMKanbHYO Wb LWMPUHOWM h 1 BbICOTON
L, koTopass mmeeT cBOGOOHbLIN NpPOXod AnNd BO3dyXa CHM3Yy UM cBepxy (puc. 1), cnyxuT ans
BEHTUINIMPOBAHNA LLENEBOro 3a3opa MeXAy «ropsyen» nrnockocTtblo dacaga y=0 M «XONoAHOM»
nnockocTblo y=h akpaHa. Takoe BeHTUNMpOBaHWE, BO-MEPBbIX, 06ecnevymBaeT NOHMXKEHUE BNAXHOCTM
BO3Jyxa B 3a30pe W NOACYLUMBaHWE MIOCKOCTU dpacaja, BO-BTOPbIX, B YCIOBUSAX CBOOOAHON KOHBEKLIMM
BO34yXa MVHUMU3UPYET NoTepu TennoTbl OT pacagHONM MIOCKOCTU 3a cyYeT 0Opa3oBaHUSI HACTUIBHOIO
dakena (TennoBow 3aBecbl). EcTectBeHHO, ANS co3gaHua 3HeprocOeperatrollen  KOHCTPYKLUK
orpaxxaeHusi NpMMeHeHNe CBOOOOHON KOHBEKLUM BO3Ayxa NpeanovTUTenbHee NPUHYOUTENBHOW B CUMyY
OBYX MPWYMH: OTCYTCTBUS 3aTpaT SHEpPrunm Ha npuBOA Hacoca (BEHTURATOpa) U MUHUMMAarbHOM
Tennootgaym OT dpacaga K HacTunbHoMy dhakeny cBoOO4HOKOHBEKTMBHOrO TeveHus (CKT) Ha ropsuen
rpaHy No CPaBHEHUIO C TEMMOOTAAYEN NPU BbIHYXAEHHOW KOHBEKLIUM.
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PMCYHOK 1. Cxema BEHTUINTUPYEeMOro BepTUKaribHOro werieBoro KaHana

XoTs rmapoanHammke cBOH6OAHOKOHBEKTUBHOMO TEYEHMS B BEPTMKANBHON LLENM NOCBSILLEHO MHOIO
pabot [1-15], rmgpaBnuka cBOOGOAHOKOHBEKTUBHOIO TeYEHUsI He paspaboTaHa B MOSHOTE, 4OCTaTOYHOM
Onsi IPOBEAEHUsT MPOEKTHBIX U MOBEPOYHbIX PACYETOB TeYeHUsi. B yacTHOCTH, CyLLeCTBYIOT crieaytoLime
npobensbl.

1. HeunssecTtHO pacnpegeneHne aOasneHna no BbICOTE LWenun. 3apava coctouT B cneayowem.
nyCTb rmgpocTtaTn4vyeckoe pacnpeneneHme gasrieHna no BbiCOTe LWENN N3BECTHO. OHo 3agaeTcs ogHoN
n3 6apomeTp|/|quKv|x d)OpMyJ'I, HanpumMmep, Yycrnosunem aamabaTHoro paBHOBECUA. B yCcnoBuax
CcBOOOOHOKOHBEKTMBHOMO TeYeHWUs [OaBfeHMe Ha BbIXOAe W3 KaHana [OOJPKHO coBragaTb C

BapomeTpuyeckum faeneHuem Ha otmetke z=L. Ho npu n<k, T.e. B ycnosusx CKT, 77 > 7, v

JaBneHne Ha BbIXOAe W3 KaHana Oonblue, 4Yem Mo 6apomeTqueCK017| (bopmyne. I'IonyqaeM
I'IapaﬂchaﬂbeIIZ pe3ynbTart: Tdra oTpuuaTesibHa, Te4YeHUA HEeT. MOTI/IBI/IpOBaTb cyulectBoBaHne TArun

o’

HanMYneMm MHaMUYECKON COCTaBNAKOLWEN AaBNEHUS HEKOPPEKTHO BBMAOY MalioCTu T (I'IOpFl,D,Ka 10 Ma

unu 1 Mm B.C.).
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2. HeusBecTHa CBsi3b MHTEHCMBHOCTM TennoobmeHa C WHTerparnbHbIMW  XapaKTepucTUKamu
TeueHusi. TO4Hee, CYLIECTBYIOLLME pacyeTHble 3aBUCUMOCTU Afsi OnpeneneHnsi WMHTEHCUBHOCTU
TennoobmeHa ceaAsbiBatoT uncna CtaHToHa u Panes [1], [3]. Mpn aTom BNMsHUE cpeaHen CKOPOCTM Unn
CpedHer MacCoOBOW CKOPOCTW, T.€. BENWNYMH, XapakTepuayrwmnx 3ddeKkTMBHOCTbL paboTel HB®, Ha
WHTEHCUBHOCTb TenroobMeHa B SIBHOM Buge oTcyTcTByeT. B paboTtax [16 — 18] u, ocobeHHo, B paboTte

[18] npegnoxeHo ucnonb3oBaTth ANs HU3KoperHonbAcoBbiXx CKT aHanormio Ra = Pez, roe Ra n Pe —
yncna nopobuss Panes u lNekne. Torga ypaeTcsl, MO MeHbLUed Mepe, OueHUTb 3dEKTUBHbIE
xapaktepuctukmn CKT, Takue kak a, A, { 1 T.M., U MHTEHCUBHOCTb TennoobmeHa.

YKkasaHHble Mpobenbl BOCMOMHAKT uccregoBaHnsa [16—18], pellueHMst KOTOpPbIX pasBMBaeT W
YTOUHSIET HacTosLWasa cTaTbs.

1. UcxoaHble ypaBHeHUs (nocTaHOBKa 3agayun). HanopHasa u nbesomeTtpuyeckasa nuHumn CKT
B LEeNM MNOCTOAHHOW WUpuHbI h. WcxodHbiMW ypaBHEHUAMWU CRyXaT YypaBHEHUS TMOpPaBrvKu,
3anncaHHble B guddepeHumansHom popme [19]:

e ypaBHeHWe paBHoOBecUs agmnabaTtHoro ctonba Bo3ayxa:

d,
P\ oy gdz=0, (1)
Pk
N dp
rge MHaekc k O3Ha4aeT, 4YTO «(*)yHKLLMFl aaBneHuna» (I'Ibe30MeTpI/I‘-IeCKI/1I/1 Hanop) dP = — Bbl4UcCndeTcs
P

ansa agmabatHoro ycnosms 6apoTponHOCTY;
e ypaBHeHue bepHynnu B anddepeHumnansHon opme:

v2
2

ap +gdz+d

Py, 2¢

=0, (2)

d,
rae MHOEKC N 03HaYaeT, YTo «YHKLMA OaBreHus» (NbesomeTpuieckuii Hanop) dP = aP BbluMcnseTcs
Yo

Ana agnabaTtHoro ycnoeus 6apoTponHOCTH; @ — KO3AULIMEHT CKOPOCTH;

e ypaBHEHWE 3Hepruu, 3anucaHHoe B Buae AnddpepeHuManbHOro ypaBHEHUS NMEPBOro Havana
TEPMOAVMHAMUKU:

2
(di), +gdz+d OWT =d'q,, (3)

roe (di)n ::Cp(dT)n — 3MeMeHTapHOe W3MEHEHUE 3JHTanbnNMM B MOMUTPOMHOM  [ABWKEHUM;

dq, = C(dT )n — 3MeMeHTapHOe KONMYECTBO TennoTbl, NMOABOAUMOE K CTONGY Bo3gyxa BbICOTbl dz

n —
n3BHe (3a cyeT TennooTaayu ot ropsadent nnockoctu); C =C » m — TENMOeMKOCTb NpoLiecca;
n —
e YpaBHEHWE HePa3pPbIBHOCTM B MHTErpanbHon oopme:
m = pvh = const (4)
unu B B1ae gudpdepeHLmanbHoOro paBeHcTea:
dinp+dnv+dInh=0. (44)
B yacTtHocTK, ons wenm NoCTOSAHHOW WNPWUHBI h:
dinp+dlnv=0. (4,)

HemoBa [I.B. MHTerpanbHble XapaKTEPUCTHKH TEPMOIPAaBUTALMOHHON KOHBEKLMH B BO3AYLIHOW IPOCIOMKE
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e XapakTepucTnyeckoe ypaBHeHue KnanernpoHa:

p=RpT. (5)

Cuctema ypaBHeHun (2)—(5) copgepxuT poBHO 4 yHOAMEHTanbHble HEU3BECTHbIE:
rmgpoavHammuyeckoe (TepMoguHamMmyeckoe) dasneHve p, Temnepatypy T, NAOTHOCTb p, CPEAHIo
CKOpPOCTb TeyeHus v. Ecnin koadpduumeHT ckopocTn ¢ U KOPPEKTMB o U3BECTHbI, TO cucTema (2)—(5)

3amkHyTa. Mpu v <<cp, c;, =+ kRT, cvctema ypaBHeHuit (2) — (5) ogHo3HauHo paspewwmma [19].
YpaBHeHue paBHoBecus (1) cBA3bIBAET pacnpeneneHne 4aBneHns o BepTMKanbHON koopavHaTe z:
k

7z :(1_ﬂzj"‘l, 6)

4 L
roe 7= i, Z = g—, T<1,Z<A= Rl M uHaekcoM 0 OTMeYeHbl rMapoAMHaAMUYEcKue
napaMmeTpbl Bo3ayxa Ha Hyneson otmeTke z=0.

d d
W3 ypaBHeHus (2) cnegyeTt, 4TO @ < @ ,n <k . VMHaue rosops, TexHndeckas pabota

P n P k
NONIUTPONHOroO paclwnpeHna Bo3ayxa B BepTMKaJ’IbHOIZ wennm He MeHblle aDMa6aTHOl71 TEXHUYECKON

pabotbl: [, >[;,n<k. Ha puc. 2 nokasaHbl «asoBble TPAEKTOPUM» MOTOKA Ha MIOCKOCTU
_ Po ,
nepemMeHHblx @ :=-—, 7. Kak BugHO, nnowagp, oTBedvawllasi TexHu4yeckon paboTe agmabaTHoro
Y2,

paclwupeHust (paBHOBECUE), He NPEBOCXOAMT MNIOWaan, OTBeYalLWen TexHMYeckom paboTte npw
MOMUTPOMHOM paclimpeHumn. lNnowanb KPUBONIMHEWHOTO TpeyronbHuKa kna (MpoguuMT TEXHMYECKON
paboTbl) OTBEYaAET KMHETMYEecKon aHeprum ctonba Bo3gyxa, oOyCroBreHHOW MOABOAOM TENOTbl OT
«ropsiien» nnockoctn y=0 (puc. 1).

TA

n=k n<k

>
®

PucyHok 2. Tpaektopun CKT Ha nnNOCKOCTU NepeMeHHbIX W, T
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2. uauna paBneHus gna CKT B BepTMKanbHOM KaHane. [1o onpeaenexuio,
d,
gdH = Py gdz .
Y2

lMycTb 3HaYeHWe Hanopa Ha Hynesow oTMeTke Ho=0. Torga B ycnosusix agmabaTtHoOro paBHoBecust
k-1
B No6om ceyennn kaHana H=0. [eiictButensHo, Torna gH = gz—RToﬁ -z % |, n ocraetcs
NPUMEHUTb TOXAECTBO (6).

Utak, H=0, crtatnyeckun Hanop MOCTOAHEH MO BbiCOTE LWenu. lbe3omeTpuyeckass NUHUA —
BepTMKanbHasi npsiMasi, npoxodsulias 4vepes3 Hadano koopauvHat. Takum obGpasom, npu agvabaTtHOM
paBHOBECUM:

k
ﬁz(l—%ijl =1, (Z).

I'Ipvl NMPOnN3BOJIbHOM MOJIUTPONMHOM paBHOBECUU TOYHO TakK Xe:

n

ﬂn(z)z(l—”_lzj’”.

n

CI'IpaBe,D,.I'II/IBO cnepywulee yTeepxgeHume: nyCtb n<k, Torga BbINOMHAETCS HepaBEeHCTBO:

,(Z)>m(Z), VZ €0, 4].

> P

PucyHok 3. llunnsa paBneHnsa gna CKT B BepTMKanbHOM LLeNneBOM KaHane
[lokasaTenbCTBO OYEBMAHO, YTO TaKXKe NOKas3aHO Ha puc. 3: NMUHUA OaBneHus, oTBevatowasi n <k,
NpOXoAuT npasee NMHUK AaBfeHus B YCroBusix agmnabatHoro pasHosecust. [1oaTomy 77, (A) > 7Ty, (A) "

B BbIXOOHOM CEYEHUW kaHana faBrneHue bonblue paBHOBECHOIO 3Ha4eHuA. 310 ycnosme HEBO3MOXHO
npun ncreveHnn noa ypoBeHb. PasHuua

A k-
”n(A)—”k(A)=7 nkn

€CTb BenuMuMHa nopska CKOPOCTHOro Hanopa B gonax RTy, cm [16], 4TO nossonseT yTBepxaaTb
cnegymwoulee.

HemoBa [I.B. MHTerpanbHble XapaKTEPUCTHKH TEPMOIPAaBUTALMOHHON KOHBEKLMH B BO3AYLIHOW IPOCIOMKE
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[MycTb NNOTHOCTL BO3Qyxa Ha BXOAE B KaHamn paBHa pg, NIIOTHOCTb BO3fyxa B LeNW paBHa py,
ph < pc. V13 ycnoBus HepaspbIBHOCTU (4,) cnegyeT, YTO CpeHsil MaccoBas CKPOpPOCTb W: = pv = const no
OINVHe NMOTOKa B KaHane NMocTOsIHHOro ceyeHusi. YcnoBue NOCTOSIHCTBA MOSTHOro AaBneHus anst 6rnmskmnx
ceyeHun c-c, h-h NnpuBOANT K TOXOECTBY:

2
w1 1
Pe—Pp =M= ——]|,
2 Pr  Pe

npuyeMm 9TO NageHue cTaTUYecKoro AaBfeHusi NPOnopuUMOHanbHO pasHuue AaBfeHUMn Ha Bbixode U3
kaHana m,(A)-mk(A), ecnn OTOXAECTBUTb OaBrieHne p, Ha oTMmeTke Z=0 ¢ JaBneHneMm «XonogHoro
BO34yXa» P¢: Po= Pc. VINW, B OTHOCUTESNBbHBIX BEMMYMHAX:

1 T
-7z, =E —-t_1], (7)
Ty Tc
W2
roe £ = 2— — yuncno Jurnepa, npudeM B ycnosusx CKT E << 1, T.e. BennyunHa 1, Mano oTnmyaeTca
PePe

oT 1. BbipaxeHue (7) MOXHO MHTEPNPeTUpOoBaTb Kak ypaBHeHWe Ans onpepeneHuns 1, Crtano ObiTb, C
y4YeTOM CKa3aHHOTO, AeiiCTBUTENbHOE pacnpeaeneHne AaBneHns Nno BeICOTE KaHana umMeeT BUL!

7n(Z2)=7,(Z) =7, (A)+ 7, (A). (8)

Otcloga o4eBMAHO criegytoLlee.

1. PacnpepgeneHve gaeneHust No BbicoTe (MO ANWHE) kaHana 7, = 72',1(2) — MNOnoXuTenbHas
MOHOTOHHO YyGbiBatoLLlas yHKUMS koopanHaTbl Z.

2. 7,(2)> 7 (2)2 7 u(Z2),VZ €[0,A n < k.

3. T, (A):ﬂ'k(/\), n, Taknum o6paaoM, OencTBuTenbHas NUHUS OaBMeHus npoxogunuT nesee

NMHUM JaBneHns agnaGaTHoro paBHoBecus U, TeM Gonee, nNesee NUHUN AaBNEeHUs NONUTPOMHOIo
paBHOBeCUsl, MpuyeM B cedyeHun Z =/ [OaBneHne B MOTOKE COBMagaeT C pPaBHOBECHbLIM
JaBreHneM, 4Yto 1 Tpebosanocs.

Ha pwuc. 3 nokasaHo pacnpegeneHve [aBneHus Mno ONuHEe MOoTOoKa B BEPTUKANbHOM KaHarne.
LLTpnxammn 0603Ha4YEHbl NMMHUK AABMEHMS B YCIIOBUSIX paBHOBECKS, N 1 K NONMTPONHOro n aguabaTHoro.
CnnowHas nMHMSA OTHOCUTCA K Criyyato TedeHus. Kak B rmagpaBnunyecky AnvHHou Tpybe, NnHns AasrneHns
MOXeT OblTb OTOXOECTBNEHA C IUHMEN 3HEPruM, MpUYeM MOrpeLUHOCTb Takoro OTOXOECTBIIEHUS —
BeNnM4YMHa nopsiaka O(/\3).

3. CBAA3b MHTEHCMBHOCTU TeNJyooTAa4yM ¢ nokasartenem nonurtponsl n. B pabotax [20], [21]
nokasaHo, 4YTO ycroBue OGapOTPOMHOCTM [AOBMXKEHUS, T.e. CyllecTBoBaHue romeomopdusma p = p(p)
PaBHOCUMNBHO peLleHuto ypaBHeHus sHeprum (3). o cytm pgena, 3ameHa aunddepeHumansHOro
ypaBHeHusa (3) (ogHonUCTHOM) dyHKUMEN p=p(p) paBHOCUNbHA nepexogy OT HEerofloHOMHOW
(HenpovHTerpnpoBaHHOW) CBA3M, 3anncaHHon B Buae (3), K CBSI3W rOfIOHOMHON, 3ajaBaeMoW yCroBUEM
p = p(p). Ons coBepLueHHOro rasa (c ypaBHeHneM cocTosiHus (5)) ycnosue 6apoTpOnNHOCTN MMeeT BUA:

n

pzpoﬁ wm ="

Po
WHTEHCMBHOCTb Nepefayun TennoTbl OT ropsyen nnockoctn y = 0 (puc. 1).

. MoxHo pgokasaTb, YTO MokasaTesnb nonuTponbl N ABHO onpeaendeT

[encTBUTENBHO, NMYCTh 3NIEMEHTAPHBIN KOHTPOIbHbIM 06bem dV B CKT orpaHMdeH MOBEPXHOCTHIO
dA,, umetoLLen cMOYeHHbIN (0BorpeBaemblli) NEPUMETP X M Mnowadb nonepeyHoro cedexHus A. Torga,
no onpeaeneHunio;

dq, = éndAwdt=ah(Th_T)ZdZ=ah(Th_T)dZ (8)
¢ PV 29, PVR,

HemoBa JI.B. MHTerpaibHble XapaKTEPUCTUKU TEPMOIPABUTALMOHHON KOHBEKLUMH B BO3AYLIHOM IPOCIOWKE
HAaBECHBIX BEHTHJIMPYEMBIX (hacanos

29



HNHKkeHepHO-CTPOUTEIbHBIN sKypHad, Ne2, 2013

PACYETbI

roe Rp:=A/x — mgpaBnuyeckun paguyc kaHana (puc. 4). Ons
nnockon wenu R,=h/2.

C [Opyron CTOpOHbI, 3TOT e 3MEeMEHT TENnoTbl MOXHO
noacunTaTtb Tak:
1 l’l—k
dqg,=C\dT), =C,———\dT) , 9
de ( )n )4 k(n—l)( )n ( )

roe (dT), — uameHeHne TemnepaTtypbl Bo3dyxa npu 6apoTpomnHOM
CKT c¢ nokasatenem nonutponsl n, cM. ypaBHeHue (3). CpaBHeHne
npaBbix 4YacTten BblpaxeHun (8) n (9) NpMBOAWUT K TOXAOECTBY:

_n—k dT _ 28, u,sh ) — uncno  CTaHTOHa.
k(n—1) dz h pC v
3HauuT:
din(T, -T)"  _Sk(n-1) — -
=2 y Z = (10)
n—k h

dz

|
—_

n

B nonutponHom Tevennn ' =Tz " . Moatomy, B cuny (10):

_ gh To _ 2Shnk
RT, L
Th - Toﬂ' n
nu, 4to TO Xe:
_k-ngh 1
"7 onk R =
Th — Toﬂ' n
OcrtaeTtcsa npumeHnTsb (6) Ans pacnpeaenexus T(Z):
_(k=n)gh I
" 2nkRT, — K1) *
_0(1 _k-1 Zjn(k—l)
T, k

MpaBunbHasa gpobb YV =
T,

\§ I

Te Th

Az

0

y :

PucyHok 4. dnemMeHTapHbIN
KOHTPOSbHbIN 06beM

(11)

(114)

(112)

(oTHOWeEHVe KBagpaTa narpaHXeBoW (BOMHOBOW) CKOPOCTU K

Ty

KBaapaTy CKOPOCTM 3ByKa Ha ropsyeit nrockocTu) MacluTabupyeT CKopoCTb; NpaBunbHas apobs & = —

macluTabupyet Temnepatypy. Utak:

Sy _k-n 1
¥ 2 - k(n-1) °
1—0(1— - Zj”("‘l)
k
Mpu n =1 (n3otepma), B cuny (11,):
Sp_k-1 1
b g 2 1-6

h

(113)

(114)

HemoBa [I.B. MHTerpanbHble XapaKTEPUCTHKH TEPMOIPAaBUTALMOHHON KOHBEKLMH B BO3AYLIHOW IPOCIOMKE

HaBECHBIX BEHTHINPYEMBbIX (hacamos

30



CALCULATIONS Magazine of Civil Engineering, Ne2, 2013

N3 cdopmyn (1143) crnegyet, yto npu Z =

MHTEHCUBHOCTb nepefadn TensnoTbl MOTOKY

BO3QyXa B LLENM He 3aBWCUT OT OTHOLLUEHWs TeMMepaTyp BO3fdyXa Ha BXode B Lienb K Temnepartype
ropsyen rpaHn y=0. Ho, oyeBMOHO, TakMe 3HadYeHUs BepTUKanbHOW KOOpPAWHATbI HEeLOCTUXUMbI
NpaKTUYECKN (BECATKM KMIIOMETPOB).

4. Crtabunusauma CKT. CKT B wenu oOycnoBneHO MOLLHOCTbIO apXMMenoBOW CUnbl
(nnaByyecTu), co3gaBaemMon pPasHOCTbIO MIIOTHOCTEN HArpeToro M XonogHoro Bosgyxa. Pomb Hacoca,
cosgaroLwero o6beMHy0 apxMmegoBy Cuny, UrpaeT TEMSIoBOM MOTOK Ha ropsyen rpanHu y =0 wenw.
B npoT1BONOMNOXHOCTL 3TOMY BbIHYXEHHAs KOHBEKLUSI CO30aeTCsl Nepenagom Hanopa Ha kaHane. 9ToT
nepenag cBsidaH, B TOM YMChe, U C BBEAEHMEM B NOTOK HACOCOM MEXaHU4eCKOM MOLLHOCTM.

[——line-12 |
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ANSYS FLUENT 14.0 (2d, dp, pbns, skw)

PucyHok 5. lNonsi CKOpocTn U TeMnepaTypHOro Hanopa B BEPTUKaNIbHOM LLefieBOM KaHarne

Pasnnune B UCTOYHMKaX BHeLUHEro aHeproobmeHa — TennoBoro B cnydae CKT u mexaHu4yeckoro
NpY BbIHY>XAEHHON KOHBEKLMN — CKa3blBaeTCsl Ha hOpMUPOBaHMM NOTOKA. [1pn BbIHY>XAEHHON KOHBEKLINN,
KaK npaBuso, MpoUCXoauT yBeNuYeHue o MO ANUHE KaHana B npomexyTke 3HadeHun 1 <o < o
B ycrnoeusax CKT B nnockow LWenu cxema TedeHusi Takasi. Ha ropsiieii rpaHu y=0 obpasytoTcs
norpaHuyHble cnou (BA3KUIM, NOABEMHON CUMbl, TEMMNEPATYPHbIA, KOHLEHTPAUUOHHbIN (4N BNaXXHOCTH),
puc. 5). B norpaHuyHbIX Cnosix NpoucxoguT oOpMUPOBaHME BOCXOOSLLENO TEYEHWUSI TOPSYEro Bo3ayxa u
BOBJIEYEHNE (NPOrpeB) XOMO4HOIO BO34yxa 3a CYET, COOTBETCTBEHHO, BA3KOCTM M TEMMONPOBOOHOCTMY.
BHe morpaHuyHbIX CrOEB XOMOAHbIV BO34yX HEMOABWXEH. OMOpbl CKOPOCTU M Nepenaga TemnepaTypbl
UMeIT B, NpeacTaBneHHbIi Ha puc. 5. TonwmHbl 3Tnx crioeB (8) yBENUUMBAKOTCA CHWU3Y BBEPX MO

z gz’
— | Ra, =0=—, o — uncno MMpaHATNs, M — SKCMIOHEHTa.
Ra; 1%

Mpu HeBbICOKMX uncrnax Panesa Ra,< 10%, m = 1/4. CrnepoBaTenbHO, TOMLVHBI NOrpaHUYHbLIX CroeB

KoopauHaTte ZzZ KaK BeJindnHa 0

1-3
BO3pacTarloT KakK BEJTMYUHDI O(Z m) 1N NOCTEeNneHHO 3anosfiHAKT ce4YeHune KaHana. I'IpM 3ToM obnacTtb

HeHyIneBbIX CKOpOCTeﬁ pacwmnpaeTca OT HyNnA B Ce4YeHUn z = 0 0o 3Ha4veHun nopsagka WnpuHbl KaHana B
[0CTaTOYHO ANWHHBIX KaHanax. CnepoBaTternbHO, 3HaveHue KOppeKTnBa KMHETMNYECKOM aHeprmm o no
OnvHe KaHana He Bo3pacTtaerT.
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W3 paeeHcTB (1) n (3) cnegyerT:

o5 <G

WHTerpupoBaHue (12) npuBOAUT K TAaKOMY BbIP@XEHMIO AMs1 UBMEHEHUSI KNHETUYECKOWN 3HEprum B
CKT:

(dr), . (12)

2 — LY k—1
AL =C,T, SR g |k S0 (13)
2 k(n—1) n—1 k

2
av .
Ecnu B dopmyne (13) k=n, T0 A(TJ:O, N HUKaKOro U3MEHEHUSI KMHETUYECKOW SHepruu

2
ay
notoka B CKT He nponcxoauT. Hanee, ecnn n<k, 10 A[TJ > O, T.€. NnogBoA4 TeNnnoTbl yBennm4neaeTt

KUHETUYECKYIO 3HEPImIo NOTOKA.

Myctb n — 1. Toraa, B cuny (13):

) k-1
av k=
A(T] CpToﬂ' k>0. (134)
Mpn n — +0 cnpaBeanMBo acCMMMNTOTUYECKOE PABEHCTBO:
5 1
av nk
A — |~ 7 "C.T,. (132)
[ 2 J k-1 P70

N3 copmyn (13) crnepyet, 4TOo KmHeTuyeckas aHeprua B CKT BospactaeT npu yBenuueHuu
WHTEHCMBHOCTM TennoobmeHa, T.e. Npu yMeHblueHun n, cm. (114), npyu nobom 3HayveHun n<k. Vinu, B
cuny (13):

2 1 n—1 k—n

AN AP GRS A Py T, (1)
2 | a k(n—1) n-1 k
Opobb &\ = 6es3pasmepHa. CrnegoBatencHo, B cuny (14):
p0
ook Ll k-1
i:”n 1+ — i_,_ﬁ no|\ g onk _ n L . (144)
a go | k(n—1) n-1 k

Kak BugHo m3 (144), yMeHbLleHne n (yBEnMYEHNE UHTEHCUBHOCTW MOABOAA TEMOThl OT ropsiyen
CTEHKM) yMeHbluaeT Apobb al/oy. Wcnonb3ys ToxaecTBo (6), MOXHO BblpasuTb 4acTHoe ofog Kak
yHKLMIO OT Be3pasMepHOr BEPTUKaNbHOM KoopauHaThl Z.
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2
av
MonyyaeTcs, yto Bceraa A — > (. MycTb NpupaLLeHnsi KMHEeTUYECKOR aHeprum HeT. Torga

neBad 4acCTb 3TOrNo0 HepaBeHCTBa AOCTUraeT HKHEWN rpaHun. 3HauuT,

2 2

2
a_(w) (L)
&, v Po
WTak, B obiem cnyyae
2
<<l (15)

HepaBeHcTBO (15) nokasbiBaeT, YTO AManasoH U3MEHEHNST KOPPEKTMBA KUHETUYECKOW SHEPTUN TEM
Lmpe, YeM, Npu NpoYMX HEM3MEHHBIX YCITOBUSAX, MEHbLUE noka3aTenb n. C yyetom (6) HepaBeHCTBO (15)
NPUHMMaeT BUA:

I [N

il e o
k a,
W Onsi BCeW Wenu:
k=l z e o
k ao

OueBugHo, ecnn B HepaBeHcTBe (15) gocturaetcsl BEPXHAsS rpaHb (KOPPEKTUB HE U3MEHSIETCA MO
BbICOTE KaHamna), TO W3MEHEHWEe KUHETUYECKOW 3JHEPrMM MnoToka MakcMMarnbHO. Ha HWwKHen rpanu
HepaBeHCTBa (15) N3MEHEHNA KNHETUYECKOW SHEPrn notoka HeT [22—24]. MOXXHO NpeanonoXnTb, YTO B
aevictButenbHoMm CKT M3MeHeHMe KOppekTUBa KMHETUYECKOW SHEPIrMM MUHUMAIbHO: YBENMYEHME
cpegHen CKOpPOCTM 3a CHET nogorpeBa BO34yxa KOMMEHCUPYETCS YMEHbLUEeHMEM O MO Xody MOTOoKa.

L

dopmarnsHo: Ié(avz )dz =0, p =w=const, d— 3HaK UI3OMETPUYECKOV BapuaLuu.
0

Bbi80o0nbi

1. CTaTuyeckoe OaBrneHVMe Ha BXOode W Ha Bbixode BepTuKanbHow wenu B CKT coBnagaeTt ¢
AaBrneHMeM Ha oTMeTkax z =0 1 z =L coOTBETCTBEHHO B HEMOABWXHOM Bo3ayxe. [Ns HenpepbIBHOTO
N3MEHEHUs AaBMIEHNS Ha KOHLAX Wenu HeobxoamMmo, YTobbl B BbIXOOHOM CEYEHUM LEeny OTCyTCTBOBana
nepenaya TennoTbl OT ropsiyeit rpaHuM y =0 K MOTOKY BO3dyxa. OTO BO3MOXHO, €clnv TemnepaTtypa
rnoToka B BbIXOAHOM CeYEHWUM LWenu paBHa Ty, (TemnepaType ropsiyeli rpaHu B BbIXOAHOM CeYeHum), nnbo
ecnM koadpuUMEHT TENnooTaayn OT ropsiyert rpaHW K MOTOKY BO3dyXa on B BbIXOOAHOM CEYEHUM
PaBHSNCS HyIIO.

2. JonyuieHne o 6apotponHoct CKT B BepTUKanbHON LLEeNy NO3BOMSET CBA3aTb MHTEHCUBHOCTD
Tennootgaun (umcno CTaHTOHA) C nokasatenem nonutponbl N<Kk. [Mpu 3TOM WMHTEHCUMBHOCTb
TENNOOTAAYM BO3pacTaeT MNPV YMEHbLUEHWM MokasaTenss N oT Hyns npy n=k go o« npy n=0.
OpHoBpeMeHHO ¢ aTum Bo3pacTaeT (0T 0 go o) NpodUUNT TEXHMYECKON paboTbl, MCNONb3yeMON Ansi
YBENNYEHUST KNHETUYECKON 3HEPrMM NOTOKA.

3. YBenu4yeHne kuHeTudeckon sHeprum notoka B CKT ot BxogHoro ceyenunss z=0 go noboro
Tekyulero cevyeHnsi 0 < z < L MMHMManbHO B TOM CMbICEe, YTO yBenUYeHne cpeaHein cKopocTu Mo xopy
MOTOKa KOMMEHCMPYETCH YMEHbLLUEHNEM KOPPEKTMBA KWNHETUYECKON 3HEpPruK a. [pn 3TOM, YEM MeHbLLE N
(bonblwe TennooTgava), Tem 6Gonblle yMeHblUeHMEe KoppekTMBa. MOXHO npeanonoXxuntb, 4YTO B
pencteutenbHom CKT nameHeHne o TakoBO, YTO, NPU 3adaHHbIX 3Ha4YeHusX n, h, L BbinonHseTcs Takoe

0{\/2
aBpuCTMYECKoe ycrnosue: A T — min >0, onpepensiowlee WHTEHCMBHOCTb CTabUnMUsaLmUm

TeyeHus.
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Abstract

Ventilated facades solve at least two topical problems for civil engineering: it allows reducing the
humidity (concentration of water vapor) on warmed wall surface and reducing heat losses from facade to
the environment. The major factor in solving these problems is the air stream, washing the facade wall in
the vertical direction. For the free-convective flow the width of the channel, providing the maximum
consumption of the air is called optimum width of the ventilated channel.

The free-convective flow in a vertical slot gap of facade ventilated space will be stylized by a
barotropic flow with an indicator of a polytrope of n, n < k proportional to intensity of a heat transfer
between hot wall and air.

The motivation of a choice of the sizes of the vertical ventilated channel of ventilated facades in the
conditions of the free-convective flow is given in the present article and it is based on using results of
numerical experiments run on real ventilated designs.
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