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B mpenpinymem Homepe skypHana (MmxeHepHble
cucremsl ABOK Cesepo-3aman Ne3 2013) 6pn1a omy6nmkoBa-
Ha craThst coTpyaHukoB HIIO «Temnomaur» B.I'. Byneiruna u
IO.H. Mappa «O TemnoBsIX XapaKTCpPUCTUKAX BOASHBIX BO3-
Jyxonogorpesareneii» [1], mocTaBaeHHbIe B KOTOPOH BOIPO-
Chbl, HA MOH B3IJIJ, MMEIOT BBICOKYIO aKTyaJdbHOCTh CpPEeId
MIPOEKTHPOBIIUKOB U CHELIUATUCTOB IO TEMIOCHAOKEHHIO.
Koncratupyercss B 4aCTHOCTH, YTO «4acTO BO3HMKACT HEOO-
XOIUMOCTh MEPECUUTaTh TEIUIOBYIO MOLIHOCTh MPH TeMIepa-
Typax TIpsiMOH M oOpaTHOW BoxbI, Hanmpumep, 95°C/70°C na
temmeparypsl 105°C/70°C. B 3ToM citydae MCKOMOW BEIHYU-
HOHM CTAaHOBHUTCS PAacXO0Jl BOJBI, KOTOPBIH OyIeT OTIN4aThes OT
HCXOAHOTO». B cTaTbe MHOTrO BHUMAaHUS YJEICHO BOISHBIM
skBuBaneHTaM Wr, Wy, W* i ananusy ux B3aMOOTHOIICHHI
¢ koappunuerToM >PpPEeKTUBHOCTH anmapaTa T U ero Ipous3-
BOJHBIMH T, M T*. JIIs NPHUBENCHHBIX B CTaThe BBIPAKEHUI
JUIS TIepecyeTa TEIUIOBBIX MapaMeTpoB TpedyeTcs pacCunuTaH-
HBII C MOMOIIBIO CIIEIHAIM3UPOBAHHO POTrpaMMBl KOI(hhu-
meHT S¢¢gextuBHOCTH T. OTMeJaeTcsi, 4To «pacueT T HpHU
OTCYTCTBHU IIPOTPaMMBI TpeOyeT OOIIMPHEIX 3HAHUIT B 00Jac-
TH TEIUIONEpeaauyn ¥ TEOPUH TeIVIOOOMEHHBIX almapaTtoBy» H
MIPOM3BOJIUTCS OTCHIIKA YUTATENS K IEPEUHIO JINTEPATYPHI.

B crarbe Taxke nmeeTcs ynomuHaHue 00 ambTepHa-
TUBHOW METOAMKE pacueTa TEeMJIOBBIX MapaMeTPOB TEIMI000-
MEHHHKa C OMOIIBIO TaK Ha3biBaeMoro mapamerpa Cy u 1a-
€TCs CCBhUIKA Ha CTAaThIo B JKypHale «Mup kimmmata» [2], on-
HHUM U3 aBTOPOB KOTOPOH s ¥ sBJISIIOCH. [103TOMY mocTaparoch
371ech TT0Ka3aTh, KaKUM 00pa3oM JUlsl KOHKPETHOH BO3JYIIHO
3aBeChl Ha TPAKTHKE MOYKHO BBIITOJHUTH YIIOMSHYTBIH Tepe-
CYeT TEIUIOBBIX MapaMeTPOB TEINIOOOMEHHUKA HPH MTOMOIIN
TaKOH XapaKTepUCTUKH TETI00OMEHHNKA, Kak mapametp Cy.

Ota MeToAWKa IepecdyeTa TEIUIOBEIX MapaMeTpoB
TETII000MEHHHUKOB ¢ MOMOIIBIO mapameTpa Cy TMoydnia cBoe
pa3BHUTHE UMEHHO B ITOCIEAHee BpeMs Oiarogapst paboram mo
CO3JJaHUI0 METOJUKH BepH(HKAIMK BO3IYIIHBIX 3aBEC C BO-
JISTHBIMU TEII000MEHHUKAMHI npu YuebHo-
koHcynbpTanmonHoM neatpe AITUK. U, ckopee Bcero, B Oiu-
Kailee BpeMsl ee 0XKHMIaeT JajbHeliliee passutue. [IpuHIH-
TIBI, TIOJIO’KEHHBIE B OCHOBY MepecdeTa TEeIIOBBIX ITAPAMETPOB,
HAII OTP)XEHNE B CTATHSIX COTPYAHUKOB QUPM «AHTapec»
n «Tpommky, y9acTBOBABIINX B pa3pabOTKe METOJUKU BEPH-
¢ukammu [2, 3, 4, 5]. Ho s OB OTMETHII 1 BECOMBIN BKJIA] B
910 corpynHukoB 3A0 HIIO «Temnomary, no kpaitHeit Mepe
KaK NMPHUHIUIHAATBHBIX ONIIOHEHTOB.

[pesxie Bcero Hy)KHO MOCYMTATh 3HAYCHUSI 3TOTO
XapaKTepH3yIOIIero paboTy 3aBechl HA MAaKCUMAIBHON U MH-
HUMaIbHOU ckopocTtH mapamerpa Cy. B cratee [1] B kauecTBe
0JIHOTO W3 mpuMepoB mpuBoauTcs 3aBeca FRICO AD310W.
MEI Tarkke MOXEM HCIIONIb30BaTh €€ T AEMOHCTpPAaIUH Hepe-
cYeTa TEIUIOBBIX MapaMeTpoB ¢ momolrsio mapamerpa Cg. B
Tabauie | MpuUBeACHBI B3SATHIC W3 OPHIMAILHOTO KaTajiora
FRICO 3Ha4yeHHS OCHOBHBIX TEIUIOBBIX MapaMETPOB 3aBECHI
AD310W (teroBas MomHOCTb 3aBeckl Q, B kBT, n Tpebye-
MBIl pacxoj1 BOJBI Yepe3 TemiooOMeHHUK G, B JI/c) TpH He-
CKOJIbKMX Habopax ATaJIOHHBIX TeMmeparyp (TemmepaTrypa
BOJIbI Ha BXOJIe B TEMJIOOOMEHHHK 7., TemIieparypa BOAbI Ha
BBIXO/IE TEIIO0OMEHHMKa 1, TeMIeparypa OKpY>Karollero
Bo3nyxa I,) Al ABYX CKOpOCTel paboThl BEHTWIATOpA 3aBe-
cel (Max u Min).

The calculation of the thermal characteristics

of water heat exchangers.
SA Lystsev
"Antares PRO™

In the previous issue (Engineering Systems
AVOK Northwest Ne3 2013) published an article of staff
"Teplomash” VG Bulygin and YN Marr "On the thermal
characteristics of the water heat exchangers" [1], posed in
which the questions, in my opinion, have a high relevance
for designers and experts in heat supply. Stated that "it is
often necessary to recalculate the heat output of heat ex-
changer at temperatures of supply and return, for example,
from 95 ° C/70 ° C to 105 © C/70 ° C. In this case, as the
required value will be the quantity of water flow, that will
be different from the original”. In the article a lot of atten-
tion were paid to the water equivalent Wy, Wy, W* and
their relation with the efficiency ratio of apparatus t and its
derivatives t, and t*. For the given in the article expres-
sions for the recalculation of thermal parameters is re-
quired to be calculated the efficiency ratio T with using a
specialized program. There is noted that "the calculation of
T without program requires extensive knowledge of the
theory of heat exchangers" and were made reference of
readers to the list of literature.

The article also has a mention of an alternative
method of calculating the thermal parameters of the heat
exchanger using the so-called parameter Cy and reference
is made to an article in the journal "Climate World" [2],
one of the authors of which I am. So | will try to show here
how for the specific air curtain in practice you can recalcu-
late the heat parameters of heat exchanger using a heat
exchanger features Ck.

This method of recalculating of the thermal pa-
rameters of heat exchangers by using the parameter Cy
received the development in recent years is due to the
work by methods of air curtains verification with water
heat exchangers at Training and Consulting Center
APIC. And, most likely, in the near future it expects
further development. The principles underlying the re-
calculation of thermal parameters are reflected in the
articles of employees of firms "Antares" and "Tropic",
involved in the development of verification method [2,
3, 4, 5]. But | would point out the important contribu-
tion of employees NPO "Teplomash®, at least as a prin-
cipled opponents.

First of all it is necessary to calculate the value
of this parameter Cy, that characterizes the work of air
curtain on the maximum and minimum speed. In article
[1] as one of the examples is treated the veil FRICO
AD310W. We can also use it to demonstrate the recal-
culation of thermal parameters by using the Cy. Table 1
lists the taken from the official catalog FRICO values of
the basic thermal parameters of air curtain AD310W
(heat output of air curtain Q, in kW, and the required
water flow rate through the heat exchanger G, I/s) for
several sets of standard temperatures (the water temper-
ature at the inlet to the heat exchanger T_g the water
temperature at the outlet to the heat exchanger T_h,
ambient air temperature T_o) for a two speeds of the air
curtain fan (max and min).



CKO CKO

poc Ci maxs Ci miny poc Cic maxs Ci mins
Th Q, kBr G, n/c T, T, T, Go, 1/c a/c a/c Th Q, kBr G, n/c T, T, T, Go, s1/c alc alc
max 30,6 0,12 130 70 20 0,121 0,1457 max 30,6 0,12 130 70 20 0,121 0,1457

max 35 0,13 130 70 10 0,139 0,1389 max 35 0,13 130 70 10 0,139 0,1389

max 19,8 0,23 80 60 20 0,236 0,1179 max 19,8 0,23 80 60 20 0,236 0,1179

max 30,1 0,23 110 80 20 0,239 0,1194 max 30,1 0,23 110 80 20 0,239 0,1194

max 34,3 0,27 110 80 10 0,272 0,1167 max 34,3 0,27 110 80 10 0,272 0,1167

max 24 0,28 80 60 10 0,286 0,1143 max 24 0,28 80 60 10 0,286 0,1143

max 24,1 0,28 90 70 20 0,287 0,1148 max 24,1 0,28 90 70 20 0,287 0,1148

max 28,2 0,33 90 70 10 0,336 0,1119 max 28,2 0,33 90 70 10 0,336 0,1119

min 23 0,09 130 70 20 0,091 0,1095 min 23 0,09 130 70 20 0,091 0,1095
min 26,1 0,1 130 70 10 0,104 0,1036 min 26,1 0,1 130 70 10 0,104 0,1036
min 14,6 0,17 80 60 20 0,174 0,0869 min 14,6 0,17 80 60 20 0,174 0,0869
min 22,2 0,17 110 80 20 0,176 0,0881 min 22,2 0,17 110 80 20 0,176 0,0881
min 25,2 0,2 110 80 10 0,200 0,0857 min 25,2 0,2 110 80 10 0,200 0,0857
min 17,6 0,21 80 60 10 0,210 0,0838 min 17,6 0,21 80 60 10 0,210 0,0838
min 17,7 0,21 90 70 20 0,211 0,0843 min 17,7 0,21 90 70 20 0,211 0,0843
min 20,7 0,24 90 70 10 0,246 0,0821 min 20,7 0,24 90 70 10 0,246 0,0821

Tabruya 1. Habopvl 5manoHublx memnepamyp u pacxooos
600b1 uepes mennoobmennux 3aéecet FRICO AD310W u pac-
cuumanmvle Ha ux ocnoge napamempol Cy 015 pabomol 3a6e-
Cbl HA MAKCUMATLHOU U MUHUMATLHOU CKOPOCIAX 8EHMULA-
mopa.

Tak kak OOBIYHO HMPOW3BOIMTENN 3aBEC MPEIAOCTABIAIOT JaH-
HBIE 10 PACXOAY C MEHBIIEH TOYHOCTBIO, YEM JIAaHHBIE 10 TeTl-
JIOBOH MOIIHOCTH, TO AJISI MOBBIMICHUS TOYHOCTH B pacydeTe
MIPEANOYTHTEIHLHO HCIIOIb30BaTh 3HAYCHHS Pacxoja BOIbI (B
Tabnume obo3HavyeH kak Gg, B J1/C), MOCUHTAHHBIE HCXOM M3
YpaBHEHHUS TEIUIOBOTO OanaHca:
Q

‘S Tax T -1 @
3nadgenne Cy «I0 ONMpEIeNICHUIO» PAaCCUUTBHIBACTCS KaK Mpo-
M3BEJICHUE PACX0/a BOJBI HA OTHONIEHNE PAa3HOCTEH TeMmepa-
Typ, BOJBI Ha BXOJE M BBIXOJE TEIIIOOOMEHHHWKA M BOJBI Ha
BBIXOJIC TEIIOOOMEHHHKAa M TEMIEpaTyphl OKPYKAarOIIEero
BO3JTyXa:
T, 2 T, (2)
Tx - To
B rtabmmme 1 mpuBeneHsl paccuutaHHbIe 1O (opmyne (2)
3HaueHust Cy JUIsl HECKOJIBLKHX HaOOPOB ATAIOHHBIX TeMIepa-
Typ u pacxonoB npu padore 3aBecsl FRICO AD310W na mak-
cuMasibHOM ckopocTu BeHTHIATOPA (Cy max) ¥ HA MUHUMAIIb-
Ho#t ckopocth (Cg min). Te e 3HaueHus: mpuBeIeHbl HA Ipa-
¢uKe 1 B 3aBHCHMOCTH OT Pacxo/ia BOJBI B TEIUIOOOMEHHHKE.
BusaHo, 4TO OHM HEMIOXO ANMMPOKCHMHPYIOTCS HCXOAS W3
npeioxkeHHoro B cBoe BpeMs A.B. IlyxoBeiM [4] «remmepa-
TYPHOT0) TT0JIX0/Ia BBIPAKCHUEM

c _ GyxC 5

Kannp_GQ_aXC ()

3neck C U a — UCTIONIB3YEMbIE TIPU «TeMIIEPaTypPHOM» MOJIXO0-
Jle KOHCTaHThI anmmpokcumanuu. [Ipu padore 3aBecet FRICO
AD310W Ha MakcHMalbHOH CKOPOCTH XOPOIIO MOJIXOJST
3nauenust C = 0,098 u a = 0,41. Tlpu pabore 3aBechl Ha
MUHHMaJIBHON cKopocTH nojonayt 3Hadenus C = 0,071 wu
a = 045.

Ce=Go X

Table 1. Sets of standard temperatures and water flow rates
through the heat exchanger of air curtain FRICO AD310W
and the calculated parameters Cy for a two speeds of the air
curtain fan.

Since air curtains manufacturers typically offer the data of
water flow rate less accurate than heat output data, to improve
the accuracy of recalculation preferably used the water flow
rate (as indicated in Table Gg, in I/s), computed from the heat
balance equation:

Q

Go = 42 x (T, —T,) M
Ck "by definition™ can be calculated as the product of
the water flow rate and ratio of temperature differences,
water inlet and outlet of the heat exchanger and the wa-
ter outlet of the heat exchanger and the ambient temper-
ature:
Tz - Tx
Tx - To (2)
Table 1 shows the calculated by formula (2) Cy values
for multiple reference sets of temperature and water
flow rate of air curtain FRICO AD310W at maximum
fan speed (Cx max) and minimum fan speed (Cg min)-
Those values are shown in Figure 1 depending on the
flow of water in the heat exchanger. It is evident that
they are well approximated on the basis of the proposed
by A.V. Puhov [4] the expression of the "temperature"
approach

C

Co=Go X

_ GexC @)
Kannp — GQ —axC
Here C and a - the approximation constants used in the "tem-
perature™ approach. When air curtain FRICO AD310W is
operating at maximum speed,the suitable values of C = 0.098
and a = 0.41. When air curtain is operating at minimum speed
fit values of C = 0.071 and a = 0.45.
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Puc. 1. 3asucumocmov napamempa Cy 018 MAKCUMATLHOU U
MUHUMATGHOU  CKOPOCIU  pAOOMbL  BEHMUNAMOPA  3A6EChL
FRICO AD310W.

ITapamerp Cy mmeer pa3mMepHOCTh pacxona (J1/c) u
MOKET BBICTYNATh B KAUECTBE XapaKTEePHOH BEIWYMHBI, OTpe-
nerstronieii paboTy TerIo0OMeHHUKA IIPH HEKOTOPOW (HKCH-
poBaHHOI ckopocTH 00myBa TeruiooOMmeHHuka. Ha Puc. 1
BUJHO, YTO TPH PACXoAax BOAbI, OOIBIIMX YeM HPHMEPHO
nBe BenmuuHbBl Cy, moBeneHne Cy MPaKTHYECKH MEPECTaeT
3aBHCETh OT pPacxXofa BOJBI M IIPEBpallaeTcs B KOHCTAHTY,
KOTOPYIO MOHO 0003HaunTh Kak Cyq. [Ipym MeHbpIINX pacxo-
J1ax BOJBI Uepe3 TeINI00OMEHHHUK JUIsl OOJBIIMHCTBA TEII000-
MeHHHKOB Habmonaercss pocT Cy. OmHaKo st HEKOTOPBIX
TEMII000MEHHHUKOB ITPU YMEHBIICHHH PAacXo/1a BOJbI 3HAUCHHE
Ck He TOJBKO HE PAacTeT, HO a’Ke MOXKET B HEKOTOPOM JIHama-
30HE MaJbIX PacXoJOB CHIXKAThCS. [IpOMCXOIHUT 3TO B TOM
cilydae, eciM IIPH JTHX PacXxoJax MMeeT MeCTO Hepexoja OT
TypOYJIEHTHOTO pEXHMa JBIKCHUSI BOJBI B TPYOKax TeIlIo-
oOMEHHMKA K JaMHHAapHOMY U CONPOBOXKJIAOIUIEe TaHHBIN
IpoliecC CHIDKEHHE Terionepenadn. OU3NUecKuM CMBICIOM
napamerpa Cy SBISIETCS TO, 9TO OH, COTJIACHO €T0 Ompesere-
HUtO (2), YHCICHHO PaBEH PAcXoJy BOJBI Yepe3 TEro00MeH-
HUK, TIP KOTOPOM BEPXHsISI Pa3HOCTh TeMreparyp (pa3HocTh
TeMIIepaTyp BOJBI Ha BXOJIE M BBIXO/I€ TEINIOOOMEHHNKA) PaB-
Ha HIDKHEHW Pa3sHOCTH Temreparyp (Pa3sHOCTH TeMIIepaTyphbl
BOJBI Ha BBIXOJE TEINIOOOMEHHHKA W TEMIEpaTyphl OKpY-
JKaLero Bo3ayxa). To ecTh, ecau 3HAa4YEHUE TeMIIepaTypbl
BOJBI Ha BBIXOJIE TEIUNIOOOMEHHHKA HAaXOAUTCS MOCEpEHHE
MEX/ly 3HAaUeHHSMH BXOIHBIX TEMIIEpaTyp BOJBI M BO3IyXa,
TO pacxo BoJIbI uepes TerutoooMeHHuK G Oyner paseH Cy.

Jlnst pacdyera TEIUIOBBIX ITapaMeTPOB TEINIOOOMEH-
HUKa MOJYXHO HCIIOJIB30BaTh JBa OCHOBHBIX IOAXOAA. JTO
«YIPOLIEHHBIN MOAXO0», IPEJIOKEHHBIN B [2], IpH KOTOPOM
Cg npunuMaetcst He 3aBucamuM oT pacxona (Cy= Cyg) u
BCJI/ICTBHE ATOTO PEKOMEHIYeMBI B CIIydasX, KOTAa pac-
CMaTpUBaeMbIe PACXO/IBI IO CBOEH BeMUUMHE OOJIbIIe OXHON —
nByx BenuuuH Cyg. A Taxke «TeMIepaTypHbli» noaxox [4],
CIOCOOHBIH ¢ XOpOIlel TOYHOCTBIO ONMHCHIBAThH MoBeaeHne Cy
BIUIOTh JI0 PacXojoB Mopsiaka BennuuHbl a X C, TO ecTh Ha
MIPAaKTHKE BO BCEM JHaNa3oHE TypOyJIEHTHOCTH BOISHOTO
HOTOKA.
Huxe mpuBeseHbl OCHOBHBIE (OPMYIIBI ISl pacyera Mo «yri-
POIIEHHOMY» U «TeMIepaTypHOMY» mozaxojaam (Ooijee mMmoj-
PpOOHO 0 HUX MOKHO MTOCMOTPETH B CTaThsIX [2, 4, 5], mubo Ha
caiite Www.antar.ru B paszuene «MeTOJUKN U pacdeTh»).

1. «YmpolueHHsI» HOAX0.
C,=C, = const;
Q(Tx)=4;zé<c;gx(Tx_Ta); (4)
X Ko
G)=42x—x(T.-T,); 5
(6 e X =T ®)
GXT,+Cy XT,

G+ Cy ’

7,21,
G(T) = Cy X =T @)

2 X

T.(6) = ©)
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Fig. 1. Dependence of the Cx for the maximum and
minimum speed of the fan of air curtain FRICO
AD310W.

Parameter Cy has the dimension of flow rate (I/s)
and can act as a characteristic value that define operating
of heat exchanger at a constant speed blowing of heat ex-
changer. Figure. 1 shows that at flow rates greater than
about two magnitudes Cy, the C behavior practically ceas-
es to depend on the water flow rate and turns into a con-
stant, which can be named as Cy, At lower flow rates
through the heat exchanger for the majority of the of heat
exchangers the is the rise of Cyx. However, for some heat
exchangers while water flow rate is reducing, the value Cy
not increases, but even within a certain range of small wa-
ter flow rate can be decrease. This happens if by that water
flow rate takes place a transition from turbulent water flow
in the tubes of the heat exchanger to a laminar water flow
and accompanying the reduction of heat transfer. Physical
meaning of the parameter Cy is that it, according to its def-
inition (2), which is numerically equal to the water flow
rate through the heat exchanger, wherein the upper temper-
ature difference (temperature difference between water
inlet and water outlet of the heat exchanger) is equal to the
lower temperature difference (the temperature difference
between water outlet of the heat exchanger and ambient
temperature). That is, if the water temperature at the outlet
of the heat exchanger is located halfway between the inlet
temperatures of water and air, then the water flow through
the heat exchanger G is equal to the Cy.

For the calculation of parameters of heat exchanger
can use two main approaches. This is the "simplified" ap-
proach, proposed in [2], in which the Cy is taken to be inde-
pendent of water flow rate (Cx= Cyg) and therefore recom-
mended in cases where the considered flow rate in magnitude
more than one or two units of Cy. And also the "temperature™
approach [4], capable with good accuracy to describe the be-
havior of the Cy until the flow rate of the order of a x C, that
is in practice in the whole range of water flow turbulence.
Below are the basic formulas for calculating on the "simpli-
fied" and "temperature" approaches (for more details about
them can be found in [2, 4, 5], or on the website www.antar.ru
in "Methods and calculations").

1. "Simplified" approach.
C.=C, = const;
Q(Tr) =42%xC, X (Tx - To) ; (4')

G CKU
Q(G)=4',2X X(Tz_To); (5)
GXT,+CyXxT,
G+C, ’

T,—T,
G(Tx) = CKO Xﬁ . (7)

I.(6) = (6)
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2. «TemmepaTypHbIi» HOAXON.

C(T) = C x (1+ax ;:T) @)
CXG aXxXC
O = goe = O (14 gog) &
Q(Tr) =4'2 XC X [(Tx_Tn)_l_aX (Te_Tx)]; (10)
0 =42x—2C s -1); v

(G—-—axC)+C
I,x(G-axC)+T,xC

O ="—G"ax0rc (5%
G(T) = C x ((x + ; - ;) (13)

Teneps, 3Has XapakTepHbIC MapaMeTPhl TEIUIOOOMEHHHMKA U
uMmess HeoOXonumble (GopMyIBl I Iepecdera, MOXKHO pac-
CUHUTATh, KAKOBBI K€ OYIyT TEIJIOBas MOLIHOCTb M PACXOJ
BoJbI uepe3 TermmoooMeHHuK 3aBeckl FRICO AD310W mpu
YHOMSIHYTBIX BBIIIE TeMIlepaTypHbIX Habopax (95/70/15) u
(105/70/15). Wcnonp3ysl TOJNydeHHBIC paHee 3HAYCHUS IS
koncrant C u a npu pabore 3aBecsi AD310W Ha MakcuMmaib-
HOW U MUHHMMAJbHOW CKOPOCTSX BEHTHJIATOPA, COIJTIACHO
¢dopmynam (10) u (13) momygaem

JUIT  MaKCHMaJbHOH CKOPOCTH M Habopa TeMIeparyp

(95/70/15):
Q =4,2x0,098 x [(70 — 15) + 0,41 x (95 — 70)]
= 26,9 [kBm]
70 —
G = 0,098 x (0,41 + m) = 0,26 [1/c]
JUIsL  MaKCHMAJIBHOH CKOPOCTH ¥ Habopa Temreparyp
(105/70/15):
Q =4,2x0,098 x [(70 —15) + 0,41 x (105 — 70)]
= 28,5 [kBm]
70 — 15
G = 0,098 x (0,4-1 + m) =0,19 [fl/C]

JUIi  MHUHHMAaJIbHOM CKOpOCTM W Habopa TeMmepaTyp

(95/70/15):
Q =42x0,071x[(70 —15) + 0,45 x (95 — 70)]
= 19,8 [kBm]
70 — 15
G = 0,071 x (0,45 + m) = 0,19 [1/c]
JUIs.  MUHUMAQJIbHOM CKOpPOCTH U Habopa TemIeparyp
(105/70/15):
Q = 4,2 x 0,071 x [(70 — 15) + 0,45 x (105 — 70)]
= 21,1 [kBm]
70 —

5
G =0,071x% (0,45 + m) =0,14 [fl/C]

Oo0paTuB BHMMaHue Ha (Gopmyiy (4) «ympoleHHO-
ro» M0JIX0/1a MOYXHO 3aMETUTh, YTO B BBIPAXKEHUU JUIs TEILIO-
BOW MOIIHOCTH HET 3aBUCHMOCTH OT TeMIEpaTyphl BOJABI HA
BX0JI€ B TEIUIOOOMEHHHUK. TO €CTh, COTJIACHO «YIPOIICHHOMY»
MOAXOMY, HE BaXKHO, KAaKOBAa TEMIIEpaTypa BOJBI Ha BXOJE B
Te1000MeHHUK. TernoBas MOLIHOCTh TEIIIOOOMEHHHKA Tpe-
HUMYIIECTBEHHO OIpEeessieTcs] XapaKTepu3yIuM ero mapa-
MmetpoM Cy B pa3sHOCTBIO TEMIIEPATyp BOJBI HA BEIXOJE TeII-
J0OOMEHHVWKA U OKpY’XKaloIiero Bo3myxa. Tak, IMoJCTaBHB B
(4) mpunsTeie B kauectBe Cy) CPEAHNE OT NMPEACTABICHHBIX B
TabauIe 3HAYCHUN I MakcuManbHOU ckopocTH Cyo=<Cg
mac=0,12 u s muHuMaIbHOH cKOpocTH Cyo=< Cg min
>=0,09 , momy4yuMM MNPUMEPHO TE€ >K€ 3HAYEHUs TEIUIOBOU
MOIIIHOCTH, YTO OBUIM IMOJY4YEHBI paHEee C HCIOIb30BAHHEM
(bopMyIT «TeMIepaTypHOT0» MOAX0Ma:

JUTSE MAKCUMAITBHOW CKOPOCTH:
Q(T) = 4,2 % 0,12 x (70 — 15) = 27,7 [xkBm]
~ 26,9 [kBm] = 28,5 [kBm]

IUTSE MEHEMAITBHOM CKOPOCTH:
Q(T,) = 4,2 x 0,09 x (70 — 15) = 20,8 [xBm]
~ 19,8 [kBm] = 21,1 [kBm]

2. "Temperature" approach.

CK(Tx)=Cx<1+ax;;’:;z); ®)
CxG axC

CO=gre=< (1t og) O
Q(Tx)=412XCX[(TX_T0)+0~X(T2_TX)]; (10)

Q(G)=4IZXWX(TZ—TO); an
r(C _sz(G—axC)+T(,><C_ 12
(6) = (G—oxC)+C ' (12)

T.—T,
G(T,) = C x (a 7o Tx)' (13)

Now, knowing the characteristic parameters of the heat ex-
changer and having the necessary formulas for the conversion,
you can calculate what will be the heat output and water flow
rate through the heat exchanger of air curtain FRICO
AD310W at the above temperature sets (95/70/15) and
(105/70/15).
By using previously obtained values for the constants C and a
at the operating of air curtain AD310W on maximum and
minimum fan speeds, according to formulas (10) and (13) we
obtain
for maximum speed and the set temperatures (95/70/15):

0 =4,2x0,098 x [(70 — 15) 4+ 0,41 x (95 — 70)]

= 26,9 [xkBm]
G —0098x(041+70_15> =026
e ALt g5 ) = 026 ln/e]

for maximum speed and the set temperatures (105/70/15):

Q =4,2%0,098 x [(70 — 15) + 0,41 x (105 — 70)]

= 28,5 [kBm]
G—0098><(041+ 70~ 5)—019
- AL+ 55 =7g) = 019 /]

for minimum speed and the set temperatures (95/70/15):

Q =4,2x0,071 % [(70 — 15) + 0,45 x (95 — 70)]

= 19,8 [kBm]
G—0071x(045+70_15>—019
— U, 1] 95_70 - ’ [./l/C]

for minimum speed and the set temperatures (105/70/15):
Q =4,2x0,071x[(70 — 15) + 0,45 x (105 — 70)]
= 21,1 [kBm]
70 — 15
105 — 70) = 014 [1/c]
Drawing attention to the formula (4) of "simplified"
approach can be seen that in the expression for the heat output
is no dependence on the inlet water temperature of the heat
exchanger. That is, according to the "simplified" approach, no
matter what is the water temperature will be at the inlet of the
heat exchanger. The heat output of the heat exchanger is de-
termined mainly by its characteristic parameter Cy, and the
temperature difference the water at the outlet and the ambient
air. Thus, substituting in (4) as Cy, the average of the values
shown in the table for maximum speed Cyo=<Cy mac>=0.12
and for the minimum speed Cyo=< Cg mi» >=0.09, we obtain
approximately the same values of heat output, which were
previously obtained using the formulas of "temperature” ap-
proach:

G =0,071x <0,45 +

for maximum speed:
Q(T,) = 4,2 x 0,12 x (70 — 15) = 27,7 [kBm]
=~ 26,9 [kBm] = 28,5 [kBm]

for minimum speed:
Q(T,) =4,2x%x0,09 x (70 — 15) = 20,8 [xkBm]
~ 19,8 [kBm] = 21,1 [kBm]
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«Anmapecy cepuu « Yrnusepcan IIPO» moodens 1203AdWU.

JIurep

1

WwWWw.antar.ru

arypa.

B.I'. bynsirus. F0.H. Mapp. O TemnoBbeIx Xapakre-
pUCTHKaX BOJSHBIX BO3IyXomnojorpesareneii — Mn-
skeHepHble cucreMbl ABOK  Cesepo-3aman, Ne3.
2013.

C.A. JIpicue. A.B. A3zun. MeToauka OLEHOYHOTO
pacdeTa TEIUIOBBIX ITapaMETPOB BOASHBIX 3aBEC —
Mup xmmmara, Ne76. 2013.

C.A. JIsicueB. A.B. A3uH. MeToauka OLIGHOYHOTO
pacdeTa TEIUIOBBHIX INapaMeTPOB HMPUMEHHUTEIBHO K
paxuaTopam BOJSIHOTO OTOIUIEHHs] — MUp KimMara,
Ne77.2013.

A.B. IlyxoB. MOIIHOCTh TEIJIOBOH 3aBECHI C IKHJI-
KM TEINIOHOCHTENIeM B o0mmeM ciaydae — Mup Kiu-
mara, Ne78. 2013.

A.B. IlyxoB. MOIIHOCTh TEIUIOBOW 3aBECHl IpH
MIPOM3BOJIBHBIX PACcX0/aX TEIUIOHOCUTEIIS M BO3lyXa
— Mup kimmara, Ne80. 2013.

Fig. 2. Air curtain with water heat exchanger "Antares" series

"Universal PRO" model 1203AdWU.
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