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KpaTkoe coaep>xaHue

ODTOT  3KCcnepTHbiM  0630p wuccneayer daktel 06  3dpPeKTUBHOCTM
nepdopupoBaHHbIX ABEpPeN B [MJlaHe MPOLEHTHOro COOTHOWEHMS niowaam
nepdopupoBaHHbIX OTBEPCTMM M MNpPOrMycKaeMblX MOTOKOB Bo3ayxa. Wcnonb3y4
AaHHble Accouuvauun TlMpoussoauTenen [MpombliwneHHbIX [lepdopaTopoB, pacyeTta
TENNOBbLIX MOTOKOB W BHYTpeHHero TectupoBaHus B Rittal 6yaeTr nokasaHo, 4To
6onbwasa nnowanb nepdopmpoBaHHbIX OTBEPCTUN B ABEPSAX CEPBEPHbLIX MOHTAXHbIX
wkadoB Mo CyLwWeCcTBy He co3gaeT Nydwen umpKynauumm Bosgyxa, n 4dto 63 %
nepdopaunn bonee 4yeM AOCTATOMHO ANA UMPKYNAUMKM BO3ayXa, obecneumBas npum
3TOM MNPOYHOCTb, LEeNOCTHOCTb M 6@30NacHOCTb MOHTaXXHOro wkada.

BBepeHue

Tak kak TennosblgeneHne B LO/J (ueHTpbl 06paboTkn AaHHbIX) HenpepbiBHO
pacTteT, o6cnyXusawweMmy repcoHasy HWUYEero He OCTaeTcs, KakK nblTaTbCA
MaKCMManbHO YyNy4waTb TEMn/00TBOA B CYLUECTBYHOLMX MoMeweHusax. [MOoCKOoNbKy
60NbLUNHCTBO MH(POPMALMOHHbIX LLEeHTPOB paboTaeT C BHEWHUM obopyaoBaHueM Ans
OXNIaXXAeHNa BO34yXa, OrpaHUYeHUs 3TON CTPYKTYpbl ObICTPO CTAaHOBATCA CaMbIM
Y3KMM MeCTOM MNpwu BO3pacTatolwen NIO0THOCTU YCTaHOBKN KOMMNOHEHTOB.

Ona peweHns 3TMX nNpobneM MCnonb3yeTcsl MHOro HOBbIX MNPOAYKTOB W
TEXHONOMMKU, BKJOYas CUCTEMbl 30HMPOBAHUA MOTOKOB BO3AyXa (XOs04Hble W
ropsymMe 30Hbl), nNepdopupoBaHHble MAUTKM Hactuna nona (danbwnon),
yCOBepLUeHCTBOBaHHbIe NOTKU AN Npoknaaku kabens, n 1.4. Bce oHn paspaboTaHbl,
4TO6bl YNYUYWWUTb UMPKYIAUUKD BO34yXa, pasfeneHne rMnoTOKOB XOJI04HOro U
ropsiyero BO34yXa, YBEAUMYUTb BO3MOXHOCTM TenaooTBoAa, W ABUratbCsa K
OOCTMXKEHUID ABYX KPUTUYECKUX 3ajad — 3HeprocbepexeHnto M 3KOHOMUU OeHer.
TN yNy4dWeHnsa AeNCTBUTENIbHO MOryT npousBecTtu 3dekT, oaHaKo, OANH MOMEHT
BCE elle sdABngeTca npeaMeToM MoneMukn  — 3T0 nepdopupoBaHHble ABepMU,
YCT@HOBJ/IEHHbIE HA CepBEPHbIX MOHTAXHbIX WKadax, WAN TOouyHee, UMPKYyIauns
NOTOKa BO34yxXa 4yepe3 3TM aABepu U obble orpaHuyeHus, HernocpeacTBEHHO
CBSA3aHHble C NAowWaabio MoBepxXHOCTM nepdopaunn. bbinn 6onbwuve pebatbl No
npoueHTy nepdopaunmn, TpebyeMoMy AN MaKCUMMasnbHOrO MNPOXOXAEHUS BO34yXa
yepe3s paBepb. CywecTBYHOT MHeHuMe, 4YTo ‘“4yem 6onblie, TeM aydwe” wn
pekoMeHaytTcs asepu c 6onee 4veM 80%-on nepdopaunen nosepxHocTn. C
NepBoOro B3rnsja 3TO KaXXeTCs MMEKLWMUM CMbICN: 60siblue NOBEPXHOCTb OTBEPCTUN =
6onbwe noTok BO3ayxa = 6onbwe oTBoAg Tenna. OueBuaHas uenb - yaaneHue
ropsiyero Bo34yxa OT 3a4HEeN CTeHKM LwWwkKada, 4YTO HenocpeacCTBEHHO CBSA3aHO C
KO/IMYEeCTBOM XOJI0O4HOMO BO34yXa, MOCTYrNarwWero Yepes nepeaHon ABepb.

Tak asnsetca nu 6onee nepdopmpoBaHHas NOBEPXHOCTb Sydllen? DToT 0630p
NCMOoNb3yeT  OTKPbITYHD  MHbopMauuwo  oT  Accoumaumm MponsBoanTenen
MpoMbiwneHHbIX [lepdopaTopoB, pacyeTHYH OUEHKY nepenaga JAaBfeHus WU
pe3ynbTaTbl HENOCpPeACTBEHHOrO0 W3MepeHus MNOTOKOB BO34yXa, 4TOObI pewuTb
BOMNPOC BAUSAHUSA NpoueHTa nepdopaunm asepen Ha BO34YLWHbIM NOTOK.



OuyeHka NoTokKa BO3AyYXa, Heob6xoauMoOro ans oresoja tervia

Mbl HauMHaeM C oueHkn noTtoka (06beMHOro pacxoga) Bosayxa, Tpebyemoro
Npy pasfIMyHbIX TenjoBbiX Harpyskax. Pe3ynbTaTbl nokasaHbl B Tabnuuye 1,
NpuBEAEHHON HWXe, KOTopas rnokasblBaeT He0bXoAMMbIN MOTOK BO34yXa AN 0TBOAA
onpeaeneHHoro KosmyectBa Tensia M3 MOHTaXHoro wkada. TensoBas Harpyska
AaHa B kunosaTTax (KBT), a nmoTok Bo3ayxa B Kybuueckmx dytax* B MUHYTY (ky6.
byT/MUH).

Ta6bnuuya 1
Tennosas Harpyska (KBT) Bxoasawmim notok Bosayxa (ky6. dpyT/MuH)
20 2500
16 2000
12 1500
8 1000
4 500
BbiwenpuBeneHHas oueHKa — 3TO MNOTOK BO34yxXa Ha BXoAe B CUCTeEMY,

KoTopbln TpebyeTtca ana oTBoaa Tensa, 4Tobbl noaaepxmBatb Heobxoammyto
pabouylo TemnepaTypy CUCTEMbl. TakK KakK TMNOTHOCTb BO34yXa YMEHbLIAeTCs C
pPOCTOM TeMnepaTypbl, TO MNOTOK BO34yXa Ha BbIXOAEe HECKO/bKO YBeIn4YnBaeTCcsa. DU
pacyeTbl TakXe rnokasaHbl B [punoxeHun 1, n pesynbtaTbl NpuBoaaTcsa B Tabnuue 2
HMXe. TennoBas Harpy3ka 3agaHa B kwuioBatTtax (KBT), a noTok Bo3ayxa B
Kybnyecknx dytax B MUHYTY (Ky6. pyT/MUR).

Ta6bnuuya 2
TennoeMkocCTb (KBT) MoTOK BO3AyXa Ha BbIxoae (ky6. dyT/MUH)
20 2630
16 2100
12 1580
8 1050
4 530

*®dyT - Mepa AnnHbI B BputaHckoin cucteme nsmeperHuin, 1 oyt paBHaercsa 0,3048 meTpa



BnusaHue nepcdhopmpoBaHHbIX ABEpPEN Ha NOTOK BO3A4yXa

340ecb  Mbl  UCcneayeM  BOMPOC, HACKONbKO nepdopupoBaHHbie ABepu
NpenaTCTBYIOT MPOXOXAEHUIO BO34yxa. YCTaHOBKa ABepen B wkad ynydwaer
BHEWHNUN Buag W 6e30nacHOCTb, HO CO34aeT TMOHATHOe npenaTcTBue And
NPOXOXAEHUs MOTOKa oxfaxaawwero Bo3ayxa. Mbl uccnegyem @akTUYECKyro
BEIMUMHY npenaTtcTBus 3-Msa  cnocobamm: depe3 onybnnMKoBaHHble AaHHbIe
Accoumnauun TlMpounssoautenen [lpoMblwsieHHbIX [lepdopaTopoB, 4epe3 OLueHKU
pacyeTa OTBOAA Tenjia U yepes 3KCNnepuMeHTaslbHOe TECTUPOBAHME.

AaHHble Accounauum NMpounssoantenen NMpoMbilsIeHHbIX
Nepdopatopos

HNanee cnepyet rpadunk, onybnmnkosaHHbiM B «CnpaBoyHmnke MNpoeKTUpoBLLMKA,
3aka3umka u [llokynatena no [lepdopupoBaHHbIM MeTannam», Accouvaumns
MpounssoauTtenen [MpombiwneHHblX [MepdopaTtopos (IPA), 1993. 321oT rpaduk
npegocrtasnseTr wHopMauuw O nepenage WM NageHUU AaBAeHUs npu
NpoxXoXaeHne NnoToka BoO3ayxa 4epe3 nepdOopMpOBaHHYKD MeTa/lsIMYECKY) CTEeHKY
(BaBneHve gaHo B atonMax** poasiHoro cronba) B 3aBUCMMOCTM OT HOPMasibHOW K
NOBEPXHOCTU  CKOPOCTM BO3AYLWHOro notoka (B ¢dyTtax B MUHYTY fpm) npwu
pas/IMYHOM npoueHTe nepdopaumm TOHKUX MeTanIMyecKnx nnactuH. HeT HMKakux
cneumduryeckmx ocobeHHoCcTen Ansa Tuna, pasMmepa, Win pacnpeaesneHnst oTBepCcTuin.
EavHnua namepeHusa gaBneHus - AOWMbl BOASHOro crtonba - 4acTo MCnosb3yeTcs,
Korga wmaMmepsiemMoe AaBjieHne HKU3KO. YTobbl npounnaicTpupoBaTb 3TO, €C/lU Mbl
npeobpasyem 32 ¢dyHTa Ha kBagpaTHbin atonm (PSI) (TunnyHoe pasneHue Ans
aBTOMOOMNIBHOM WKWHbI) K AloMMaM BoasiHOro cronba, Mbl nonydmm 882.6 awonma
BoAsSHOro crtonba - paefieHMe, KOTOpOe HAaMHOro Bblle, YeM TO, 4YTO MNOKa3aHoO B
rpacdmke Accounaunm MNMpounssoautenen NpombiwneHHblX Mepdopatopos (IPA).
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N3yuaa [padumk 1, nNpuBeaeHHbLIA Bblle, MOXHO YBUAETb 3HauuTesSIbHOe
CHMXXEeHWe nageHus AasBfieHus C yBenmyeHueM npoueHTa nepdopaumm. Kpome Toro,
HeT AaHHbIX NO NaAeHWo AaBneHus Ans npoueHta nepdopauun cebilwe 63 %, HO,
KakK MOXHO yBuaeTb, npu 63%-on nepdopaunn nageHue nasfieHUss BeCbMa Maso
NPpU HU3KUX CKOPOCTAX M BO3pactaeT Ao npubnusmtenbHo 1/2 aAronMa BOASIHOMO
ctonba Bblwe 2200 dyTtoB B MUHYTY. 1/2 paonMa BoasiHoro  crosiba
npeobpasosbiBaeTcs B .018 dyHTa Ha KBagpaTHbiM AonM (PSI), 3TO O4EHb HU3KUI
nepenag nassieHnsi. MOXHO TakXe OTMEeTUTb, YTOo hOpMa HEKOTOPbIX KpUBbIX 6amn3ka
K napabonnyeckon.

YT06bl MCNONb30BaTb 3TOT rpadmK, Mbl AOSKHbI BblYMCAUTL CKOPOCTb MOTOKA
BO34yXa 4epe3 Hawum nepdopupoBaHHble ABepu. TakK KakK Haw CcTaHAapTHbIN
npoueHT nepdopaunmn cocrtasnset 64.3 %, To Kpuas 63%-on nepdopaunmn Ao/HKHA
AaTb HaM NECCUMUCTUYHYIO OLEHKY NaeHusa AaBNeHuns.

C uenbld BbIYUCNEHUS CKOPOCTM MOTOKA M nepernaga AdaBAeHUd Ha
nepdopupoBaHHbIX ABepsx 6blinM BblbpaHbl 2 TUNa pa3MepoB CTOEK: cepBepHas
ctomka Rittal TS 42U wupuHon 600 MM n cepsepHasa ctorka Rittal PS 52U Takxe
wupuHon 600 MM. [detanmsaunsa gaetcs B [NpunoxeHnn 2. PesynbTaTbl NOKa3aHbl B
Tabnuuax 3 n 4, npumBeAeHHbIX HUXe. TennoBas Harpyska 3ajaHa B KuaoBaTTax
(kBT), n ckopocTb NpoxoxaeHusi Bo3ayxa B dytax B MUHYTY (dyT/mMuH, fpm).

Tabnuuya 3 - Rittal TS 42Ux600mm

TennoBas Harpy3ka CKOpOCTb BXoAsLWero CKOpOCTb ncxoaswero
(kBT) Bo3ayxa (pyTt/mMuH, Bo3ayxa (¢yTt/mMuH, fpm)
fpm)

20 454 597

16 362 476

12 273 361

8 181 236

4 92,4 120

Tabnunuya 4 - Rittal PS 52Ux600mm

TennoBas Harpy3ka CKOpOCTb BXOASLWEro CKOpOCTb ncxoasawero
(kBT) Bo3ayXa (pyT/MuH, Bo3ayxa (¢yrt/muH, fpm)
fpm)

20 362 587

16 288 468

12 218 355

8 144 232

4 73,6 118

Cpa3y BUAHO, YTO CKOPOCTb UCXOAALLEro NOTOKa BO34yXa Bbille, YEM CKOPOCTb
BXOASLLIEro MoToKa BO34yXa M3-3a TOro, 4to nowagb nepdopauum Ha 3aaHUX
[BepsAX MeHblle, a Temnepatypa Bo3Ayxa Bbille. DTO MOr0 6bl CO34aTb 3aMETHO
6onbllee nNageHne AaBfieHUa Ha 3aAHen cTeHKe. [InanasoH CKOpOCTEel BO3AYLUHbIX



NOTOKOB, BblAENEHHbIN XXUMPHbIM KypcuBoM B Tabnuuax 3 u 4, 6bin gobasneH B
Npadmk 1, uTobbl coctaBuTb padmk 2. CKOpoCTM, NOKasaHHble Ha [paduke 2,
HaCTO/IbKO HM3KWM, 4YTO HEe MOryT Jaxe pacnosiaraTtbCqd psaoM C  AaHHbIMMU,
oTobpaXkeHHbIMM Ha rpaduke ana Metanna c¢ 63%-on nepdopaumen. lMageHne
OABNIEHNS OYeHb He3HauuTeNnbHO, ero Aaxe Henb3sa u3MepuTb 6e3 Mcnonb3oBaHus
MWKpOMaHoMeTpa.

Npacduk 2
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PacueTbl nepenanoB faaBsieHUsA

OueHKM nepenaga vnn nageHns 4aBneHns Ha UMPKYIaumMio 6blav paccymTaHsbl
ONg  ucxogsuwero notoka sosayxa. MNogpobHoOCTU BblYMCAEHUA AaHbl B [punoXKeHnmn
3. Pe3ynbTaTbl nokasaHbl B Tabnuuax 5 mn 6, npuBeaeHHbIX Huxe. Tennosas
Harpy3ka BblpaxeHa B kunoaTtTax (KBT), CKOpoCTb MNoTOKa BO3ayxa B dyTax B
MUHYTY (dyT/mMnH, fpm) M nageHve paBneHus B AoMMax BogHoro crtonba (inches
W.C.).

PacueT BepxHEM W HWXHEeW rpaHuubl nepenaga JAaBNeHus roKasaH n
obbsacHeH B lNMpunoxeHun 3.

Tabnunuya 5 - Rittal TS 42Ux600mm

TennoBad CkopocTb BepxHssa rpaHuua HwmxxHa4a rpaHuua
Harpy3ka (kKBT) ncxoasuero nepenaga nepenaga AaB/ieHUs
rnoToka nasnenuns (inches (inches w.c.)
(dbyT/MUH) w.c.)
20 587 .055 .026
16 468 .035 .017
12 355 .020 .0095
8 232 .0088 .0041

4 118 .0023 .0011




Tabnunuya 6 - Rittal PS 52Ux600mm

TennoBas CkopocTb BepxHss rpaHuua HuxHaa rpaHmua
Harpy3ka (KBT) ncxogsuero nepenana nepenaaa AaBlieHUs
rnoToka AasneHus (inches (inches w.c.)
(byT/MuH, fpm) w.c.)
20 597 .054 .025
16 476 .034 .016
12 361 .019 .0093
8 236 .0085 .0039
4 120 .0022 .0010

PacueTHble BESINYMHDbI ype3Bbl4YalHO Masbl n CONOCTaBUMbl C
onybnmMkKoBaHHbIMM  AaHHbIMM  Accoumauun  lpounssoauTenen  [pOMbIWNEHHbIX
MepdopaTtopos (IPA). Ecnn yuuTbiBaTb, YTO O6bIYHbIE Kpblb4yaTble BEHTUASATOPSI,
UCcrosib3yemble AN9 UMPKynsauum  BO3dyxa B obopyaoBaHuMKM, co3patoT nepenaj
AaBneHns npmbnusuntenbHo .2-.4 AOMMOB BOAHOro crtonba, CHuMXeHue [aBneHus
nony4vaercs npmbansnTenbHO Ha 1/8 MnmM MeHblue OT BO3MOXHOCTU BEHTUNATOPOB,
YTO HEe3HAUYUTesNbHO, MO CPaBHEHWUID C NALEHUWEM [ABNEHUSA Ha APYrunx 31eMeHTax
oxJlaXxaaeMon cucTeme.

3Kcnepvme|-|Tan bHO€ TeCTuposaHue

NMocnegHnn  MeTo[, 3a4eUCTBOBaHHbIN, 4TOObl  OUEHUTb  YMeHblUeHue
UMPKYNSUMM  BO34yXa M3-3a NpPensTCTBMS, CO34aHHOro nepgopuvpoBaHHbIMU
ABepsiMM, 3aK/4ancs B YCTaHOBKE u3MepuTenbHoro obopygoBaHua  Ans
HenocpeACTBEHHOr0  M3MepeHWss CKOpOCTM MOoTOKa BO34yxa, CO34aBaeMoro
BEHTUNATOPOM, MyTEM U3MEpeHusa rnoToka Bo3ayxa (C MCNOSb30BaHMEM O6bIYHOrO
nepeHoCcHOro (arepHoro aHemMoMeTpa) C HarpeBOM BoO3ayxa M 6e3, a Takxke C
OTKPbITOMN U 3aKpbITON 3aAHeN nepdopmnpoBaHHON ABYCTBOPYATOMN ABepbio WwKada.

MoapobHOCTN 06bsICHEHbI W NOKasaHbl B [lpunoxeHun 4. Pe3ynbTaTbl
nokasaHbl B Tabnnuax 7 n 8, npuBefeHHbIX HMXe.

Ta6bnuua 7
TennoBas Harpyska 3agHune MoTok Bo3ayxa (kyb.
(kBT) nephopunpoBaHHbIE ¢byT/MUH, cfm)
CTBOPKMU
OTKPbITbl/3aKpbIThbI
0 3aKpbITbl 544
0 OTKpbIThI 552
0 3aKpbITbl 559
0 OTKpbITHI 562




Tabnuua 8

TennoBas Harpyska 3agHune MoTok Bo3ayxa (kyb6.

(kBT) nephopnpoBaHHbIE ¢byT/MuUH, cfm)

CTBOPKU
OTKPbITbl/3aKpbITbl

3.08 3aKpbITbl 560

3.08 OTKpbITHI 563

3.01 3aKpbITbl 563

3.01 OTKpbITHI 561
BbiBOADI

Pe3ynbTaTbl 3TUX MWCCNEeAOBaHMN MOKa3bIBAKT, 4YTO eC/IM U eCTb 3ddekT
YMeHbLUEHUS MOTOKa BO34yXa U3-3a YMeHbLEHMS npoueHTa nepdopaunmn gsepen Ha
CepBepHON CTOMKe, COo3haloWmin CONpoTUBMEHME BO34YLWHOMY MOTOKY, TO 3TOT
3 PeKT oUeHb MasieHbKUN.

B To BpeMs KakK Noay4YeHHble pe3y/sbTaTbl MOryT Ka3aTbCsl NapafoKcasibHbIMU
NO OTHOLWIEHWUK K TOMY, 4YTO MOXHO 6bln10 6bl 0XWAaTb, BbICOKMM MNPOLEHT
nepdopaumn wn 6Gonbwasa pons obnactu nepdopaumMm B COBOKYMHOCTU C
OTHOCUTENbHO HeboNblWKMM MNOTOKOM BO34yXa W, COOTBETCTBEHHO, HU3KUMMU
CKOPOCTSIMW ABWXEHUSA, CO34alT NpeHebpeXXnMo Manoe COnpoTUBIIEHME MNOTOKY.
Hapo npu3HaTb, 4TO 3TW pe3ynbTaTtbl ObLIM MOMy4YeHbl B MNpeanosioXeHue o
paBHOMEPHOM pacrnpeaesieHnn NoToka no NoBepxXHOCTU. JlokanbHble 3 deKTbl MOryT
MMeTb MeCTO, HO 4YTO6bl OKa3sblBaTb 3HAa4YMMoOe BO3AENCTBME, JIOKasibHblE CKOPOCTU
OOMKHbI 6yayT 6bITb B 3 wan 4 pasa 6onble 4yeM uMerwmecs MaKCuUMalsbHble
CKOPOCTM Ha CerogHsWHNN AeHb.

Uto saBnsetca 6osiee CywecTBeHHbIM ANs OXAa)XAeHus, TakK 3TO nojava
AOCTaToOYHOro Ans oxnaxaeHmsa obbema BO34gyxa B CaMOM CepBEpPHOM KOMHaTe,
NpUTOK KOoTOporo (HeobxoanMon TemrnepaTtypbl) obecnedymBaeTcsd KOHAMLMOHEPAMU,
K Ka>XA0My CEpBEPHOMY LWKady, N yMeHblLUeHne cTpaTudukKaumm NoTOKOB XO/04HOI0
BO34yXa B CEpBEPHOM KOMHAaTe CO CTOPOHbI MPUTOYHbIX OTBEPCTUN.

OcHOBbIBasiCb Ha fAaHHbIX TECTUPOBAHMUSA, coAep>alMXCA B 3TOM
3KCNepTHOM 0630pe, CTaHOBUTCH, O4YEBMAHO, 4YTO MNpoOLEeHT nepdopaunm
ABepen Bbile 63-64% He ao6aBnseT HUKAKMX NPEeMMYLLECTB B OTHOLUEHUM
LUMPKYSLUMKN Bo3ayXa WiN 3(P(PEeKTUBHOCTU OXJTaXKAEHUS.

Ccbinku
www.engineeringtoolbox.com/air-properties-d_156.html
www.engineeringtoolbox.com/orifice-nozzle-venturi-d_590.html

06 ABTOpe

Kent Ctuknm  (Keith  Stickley) 3aHuMaeT  po/mkHOCTb  MeHepxepa
MpoekTupoBaHnsa KoHcTpykuunn n pabotaer B Rittal ¢ 2006 ropga. Kent umeet
cteneHn bakanaspa u Maructpa Hayk no [lpoekTupoBaHuo [OCyAapCTBEHHOro
YHuBepcuteta Oramo. Ero wucknwuutesnbHble 3HaHWA B UUPKYNSAUMM  MNOTOKOB
BO34YyXa n nepdopnpoBaHHbIX MaTepmanax  npuobpeTeHbl M3  onblTa
NPOEKTUPOBAHUA MALLUMHHbBIX YCTAHOBOK, MOJYYEHHOro Npu ero npowsion paboTe.

UcTOoYyHMK MHpopmMmaumm: www.rittal-corp.com




Appendix 1

Since sensible heat is transferred as a result of the mass flow rate of the air we can use this heat transfer
equation and manipulate it to estimate the air volumes required:

q:meAT eqgni

where:

g=sensible heat transfer rate, kW

m=air mass flow rate, kg/sec

Cp:speoific heat of air at constant pressure, kd/kg °K
T=temperature differential between cold and hot sides, °K

The following equation can be used to represent the mass flow rate:
m=rhoQ egn2

where:

rho=air density, kg/m3

Q=volumetric airflow rate, m3/sec

Substituting egn 2 into eqn1 and solving for Q we get egn3:

Q=q/rhoC AT eqn3

If we make assumptions for the heat transfer rate, the temperature differential and the temperature distribution
of the room air, we can estimate by calculation the volumetric airflow rate required.

For estimation purposes we will assume supply air (air in) at a temperature of T, =21°C (70°F) and the exhaust
air (air out) at T =35°C (95°F). We also assume that the air temperature is uniform across the height and
width of any cabinet.

Since 1°C=1°K, AT=(35-21)=14°K
Air density at 20°C, rho=1.205 kg/m?; at 40°C, rho=1.127 kg/m?
Specific heat at 20°C, Cp:1 .005kJ/kg=1005 watt-sec/kg °K
Substituting values and converting kW to watts:
Q=0g*1000/1.205*1005*14=.059*q egn4
Setting up a table for heat transfer rate and volumetric airflow rate we estimate the following airflow rates

needed using egn4. A column has been added converting metric to the more familiar English unit of cfm or
cubic feet per minute or ft3/min.
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Table A1 -1

q (kW) Q, (m%sec) Q,, (cfm)
20 1.18 2500
16 94 2000
12 e 1500

8 A7 1000
4 24 500

This volumetric airflow estimate is of the entering supply air required to transfer the heat load. Because the
heat load is actually transferred due to the air mass flow rate and the air density decreases as it is warmed
the exhaust volumetric airflow rate is actually increased slightly. This volumetric increase is proportional to the
ratio of the absolute temperatures of the exiting and entering air:

Q,,=Q,(T,/T,)=Q, *(35+273)/(21+273)=Q, *308/294=1.05Q, eqns

Hence we can create a table to represent exhaust volumetric airflow rate using egn5.

Table A1-2
q (kW) Q, (m%sec) Q,, (cfm)
20 1.24 2630
16 .99 2100
12 75 1580
8 49 1050
4 .25 530
Appendix 2

To calculate air velocity we use the following equation:

Q=VA .., eqné
where:
Q= volumetric airflow rate, m3/sec
V=air velocity, m/sec
A pen=0Pen area of the door, m?
Solving for V gives us:
V=Q/A egn’

open

We also need to calculate the open area of the doors via the following equation:

Agpen=Poeri % OpeEN area eqgn8
where:

A.i=perforated area of the door, m*

% open area=64.3%
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Setting up tables we can calculate open area and air velocity using perforated areas for the rack doors and
the volumetric airflows from Tables A1-1 and A1-2 above. For the full front doors the intake volumetric airflow
from Table A1-1 is used and for the split rear doors the exhaust volumetric airflow is used from Table A1-2.
The airflow through the split rear doors is assumed uniform and combined for the 2 perforated door areas.
A column has also been added converting metric to the more familiar English unit of feet per minute (fpm or
feet/minute or ft/min).

Table A2 - 3
42U x 600mm Wide Aperf (m?2) AOpen (m?)
Full front door 796 511
Split rear doors .636 409
Table A2 - 4
52U x 600mm Wide Aperf (m2) AOpen (m?3)
Full front door .999 .642
Split rear doors 647 416
Table A2 - 5 TS 42U x 600mm Wide
g (kW) V. (m/sec) V. (fom) V. (m/sec) V. (fom)
20 2.31 454 3.08 597
16 1.84 362 2.42 476
12 1.39 273 1.83 361
8 .920 181 1.20 236
4 470 92.4 611 120
Table A2 - 6 PS 52U x 600mm Wide
g (kW) V. (m/sec) V. (fom) V. (m/sec) V. (fom)
20 1.84 362 2.98 587
16 1.46 288 2.38 468
12 1.11 218 1.80 355
8 732 144 1.18 232
4 374 73.6 .600 118

Appendix 3

To calculate the magnitude of the pressure drop or restriction to airflow the doors are modeled as a flat plate
orifice using the following equation:

Q=C_ A(2Ap/rho)* eqn9

where:
Q=volumetric airflow rate, m3/sec
C =discharge coefficient
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A=open area, m?
Ap=pressure drop, Pa
rho=air density, kg/m?

If we recognize V=Q/A then we can rewrite eqn9 as:

Ap=(rho/2)(V/C )? egn10

The form of this equation supports the data from the IPA shown in Chart 1, that the pressure drop to air
velocity relationship is parabolic.

One unknown factor is the discharge coefficient, C , for what is a large number of flat plate orifices in parallel.
Published data suggests a discharge coefficient of .59 to .64 for a single flat plate orifice. We can estimate
the discharge coefficient using the published data from IPA for the 63% open area perforated metal. From
Chart 2 it appears that there is a .3” water column (74.5 Pa) pressure drop at a velocity of 2000 fpm (10.2 m/
sec).

If we solve for C:
C,=V(rho/2 p)°=10.27(1.127/2"74.5)°=.89 eqn11

If we use .89 as the discharge coefficient and we calculate the pressure drop at 1600 fpm (8.13 m/sec) we
get .19” water column. If you check Chart 2 that would be approximately the predicted pressure drop with the
63% open area perforated metal. The discharge coefficients of .61 and .89 will be used to provide a high/low
pressure drop estimate.

We can thus create tables of the predicted pressure drops. We will use both cabinets and look at the exhaust
air only. Pressure drops are shown in pascals (Pa). Also include are pressure drop in inches of water column
(inches w.c.):

Ap=1.127/2(V/C )?=.564*(V/C )? eqni2

Table A3 -7 TS 42U x 600mm Wide

Ap Ap
q (kW) Vou (M/sEC) Vou (fOM) Ap, (Pa) (inchesﬁl/v.c.) Ap g, (Pa) (inchesgg\)/v.c.)
20 3.03 597 13.9 .055 6.54 .026
16 2.42 476 8.88 .035 417 .017
12 1.83 361 5.08 .020 2.38 .0095
8 1.20 236 2.18 .0088 1.03 .0041
4 611 120 .565 .0023 .266 .0011
Table A3 - 8 PS 52U x 600mm Wide
Ap Ap
q (kW) Vou (M/seC) Vou (fOM) Ap, (Pa) (inchesﬁl/v.c.) Ap g, (Pa) (inchesgé\)/v.c.)
20 2.98 587 13.5 .054 6.32 .025
16 2.38 468 8.59 .034 4.03 .016
12 1.80 355 4.91 .019 2.31 .0093
8 1.18 232 2.11 .0085 991 .0039
4 .600 118 546 .0022 .256 .0010
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Appendix 4

The last method employed to evaluate loss of airflow due to a restriction created by perforated doors was to
set up a test apparatus and evaluate airflow loss by measuring fan airflow with rear split doors open and rear
split doors closed in the PS 52U x 600mm wide server rack.

To appreciate the difference in airflow open area with the split rear doors open and closed the full airflow open
area of a PS 52U x 600 wide server is 1.209 m? when the rear split rear doors are open and the full airflow
open area of the rear split doors when the doors are closed is .416 m?. This calculates to a 65.6% reduction in
airflow open area.

The test apparatus consisted of a 14U duct mounted within a PS 52U x 600mm wide server rack connected to
the front and rear doors to isolate the airflow path from the front door through to the rear doors. The main inner
duct within which the fans are mounted is a steel duct supported by L shaped depth rails. The outer wall and
ducts connecting the main duct to the doors is constructed of corrugated and masking tape. The airflow open
areas with split rear doors open and closed are then proportionally 26.9% of the full open areas. Tests were
run at the ambient air temperature and at a condition where approximately 3 kW of heat was being added to
the air by two 1.5 kW electric heaters. Five 105 cfm fans were employed to move the air through the duct. The
air velocity exiting the fans was measured with an Omega model EA3010NL vane type anemometer, which
measures in miles per hour (mph) positioned at the same location and in the same sequence on each of the

5 fans. The air velocity was measured with the split doors closed and the split doors open to see if the fan
velocity and hence airflow was changed by changing the net open area of the exhaust opening. Access to
measure air velocities was made via two openings cut into the side of the corrugated walls. Measurements of
the air temperature were taken with a Fluke Model 561 infrared thermometer with a K-type thermocouple input
to calculate and verify the amount of heat energy being added to the air. Air temperatures were measured at
four locations inside the perforated doors both front and rear and averaged.

Two separate tests were performed—the data is shown below in Tables A4-9 and A4-10.
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Table A4-9 Airflow Test
No heat | Split doors closed Split doors open
Fan Air Velocity (mph) Air Velocity (mph)
1 15.1 15.3 16.0 15.5
2 14.8 14.7 15.3 15.2
3 14.7 14.6 15.0 14.8
4 15.0 15.2 15.0 14.8
5 14.9 15.0 15.0 15.0
% difference
v 14.9 mph v 15.2 mph 1.5
o 1314 fom o 1334 fom 1.5
e 544 cfm v 552 cfm 1.5
Heat Split doors closed Split doors open
Fan Air Velocity (mph) Air Velocity (mph)
1 15.0 15.5 15.4 15.8
2 14.8 15.2 15.2 15.7
3 15.7 15.5 15.6 15.4
4 14.9 15.2 15.0 15.4
5 15.8 16.0 15.4 15.7
% difference
" 15.4 mph V.. 15.5 mph 0.7
o 1352 fom V.. 1360 fom 0.7
Q0 560 cfm Q. 563 cfm 0.7
Inlet Temperature, °F
60 60
60 60 T 60 °F
Outlet Temperature, °F
76 72
82 84 78.5 °F delta T 18.5 °F

avg
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Table A4-10 Airflow Test
No heat | Split doors closed Split doors open
Fan Air Velocity (mph) Air Velocity (mph)
1 15.3 15.4 15.6 15.5
2 15.2 15.1 15.2 15.7
3 15.5 15.4 15.0 15.3
4 15.0 15.2 15.1 15.2
5 15.5 15.7 15.8 15.9
% difference
. 15.3 mph o 15.4 mph 0.7
o 1349 fom o 1358 fom 0.7
e 559 cfm v 562 cfm 0.7
Heat Split doors closed Split doors open
Fan Air Velocity (mph) Air Velocity (mph)
1 15.7 15.5 15.6 15.5
2 15.5 15.0 15.5 15.4
3 15.4 15.1 15.7 15.2
4 15.5 15.3 15.4 15.2
5 15.8 15.7 15.3 15.3
% difference
" 15.5 mph V.. 15.4 mph -0.3
o 1360 fpm \ 1356 fpom -0.3
Q0 563 cfm Q. 561 cfm -0.3
Inlet Temperature, °F
60 60
60 60 T 60 °F
Outlet Temperature, °F
78 72
82 80 78.0 °F delta T 18.0 °F

avg

Heat added to the air can be estimated by a combination of egn1 and egn2 in Appendix 1:
g=rhoQC AT eqn 12

where:

Air density at 20°C, rho=1.205 kg/m?; at 40°C, rho=1.127 kg/m?
Specific heat at 20°C, C_=1.005kJ/kg=1005 watt-sec/kg °K
Since 1°C=1°K, AT=10.3°C (18.5°F)=10.3°K and AT=10.0°C (18.0°F)=10.0°K

Test Q (cfm) Q (m?¥/sec) g (kW)
Table A4 -9 560 264 3.08
Table A4 - 10 563 .266 3.01
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