A AHTAPEC

MeToauKa OLIECHOYHOT0 pacyeTa TeNJI0BbIX Mapa-
MeTPOB NPUMEHHUTEJIbHO K PAIHATOPaM BOJSHOTO

OTOIICHUSA

B mpenpitymem Homepe skypHama «Mwup kiammara» Obuia
[IpeJCTaBlIeHa METOAMKA OLICHOYHOI'O pacueTa TEIUIOBBIX Ia-
paMETpOB BOJSIHBIX 3aBeC. B COOTBETCTBUM € HEN MOLIHOCTh
BO3JIYIIHOH 3aBeChl C BOJSHBIM TEMIOOOMEHHHKOM C XOpO-
1Iel CTENEHbI0 TOYHOCTHU ONpEelsieTCs 3HaUCHUEM TeMIlepa-
TypBI BOABI HA BBIXOAE TemmoobmenHuka Tiy M MPaKTHIECKH
HE 3aBUCUT OT TEMIIepaTyphbl BOJIBI Ha BXOJE B TEINIOOOMEH-

uuk T}

Wx42%xCex(Th—Ty) . (1)

3nece W — TemmoBast MOIIHOCTG 3aBechl, KBT; T, — Temrie-
paTypa OKpykKarmero Bosayxa, C; 4,2 — mNpou3BeneHHE

k/x

TEIIJIOEMKOCTH BOJbI HA IIJIOTHOCTH BOJbI, ) CK — Onu3Kas

ax°C’
K IOCTOSIHHOM BETMYMHA Pa3MEPHOCTH JI/C, XapaKTepHU3yIomas
TEIUNIOOOMEHHUK TPH HEKOTOPOM (HKCHPOBAHHOM PpacXoe
BO3/yXa.

Bemnunna Cyx wWMeeT JOCTaTOYHO MPOCTOH (DU3UUCCKHIA
cmeicn. Ilpu pacxoae BOIbI depe3 TEINIOOOMEHHUK Gy, dnC-
JICHHO PaBHOM 3HaueHHI0 (g, TeMIepaTypa BOJbl Ha BBIXOJE
terooGMeHHNKa Tjy YCTAHOBHTCS MOCEPEIMHE MEXKIY HC-
XOJHBIMU TEMIlepaTypaMH TeIUIOOOMEHHBIX Cped: BOJBI Ha
BXofe B TeruoobMennuK (T}, i okpysxkatomeit cpems (Ty).
Vka3aHHBIN MOXO0JI MOXKET OBITh MPUMEHNM M IS OIpe/iese-
HUS TapaMETPOB BOJSHBIX TEIUIOBBIX MYLIEK U BOASHBIX TEIl-
JIOBEHTWIATOPOB, NOCKOJbKY OHU HECHJIBHO OTJIMYAKOTCS OT
BOJISIHBIX BO3JYLIHBIX 3aBEC 110 MPUHIMITY ACHCTBUS: U 31€Ch
U TaM MBI HMEEM JIeJI0 C BOJSIHBIM TEIIOOOMEHHHKOM, 00]1y-
BaeMbIM BO3IYLIHbIM MOTOKOM. OfHAaKO Ha HElaBHEM COBe-
mannu 1o BompocaM Bepudukanun B AIIMK TexHuuecknit
nupekTop npexanpusatusa «Pycrponuk» A. B. Ilyxos mpeamno-
JIOKWJI, YTO YKa3aHHasi METOJMKA B TOM WJIM MHOW Mepe Mo-
KET TNPHUMEHATHCS W K paguaTtopaM BOASHOTO OTOIUICHMS,
HECMOTpsL Ha TO YTO y HUX HET NMPHUHYIUTEJHLHOrO 00ayBa, a
ChEM TeIlIa OCYLIECTBIAETCS C MOMOIIBIO €CTECTBEHHON KOH-
BeKUuU. Jleno B TOM, YTO NPHUMEHSIOLIMUICSA B HacToslIee
BpeMs MOJAXOA K pacyeTy TEeIJIOBOM MOILIHOCTH pPaJnaToOpoB
IpU HEKOTOPBIX NMPOU3BOJBHBIX YCIOBHAX (IapamMeTpax CHC-

TEMBI) TPOMO3/I0K U CJIOXKEH.

ITpomMeiniieHHEIE BO3AYIIHBIE 3aBECHL AHTapec"

Assessment methodology of calculation of thermal

parameters in relation to water radiators

In the previous issue of the journal "Climate World"
was introduced the method of approximate estimation
of thermal parameters of water curtains. In accordance
with this the heat output of the air curtain with water
heat exchanger with a good degree of accuracy is de-
termined by the temperature of the water at the outlet
T, and is almost independent of the water temperature

at the inlet to the heat exchanger T},
W=x42xCe x(Ti =T . (1)

Here W - heat output of the curtain, kW; T, - ambient

air temperature, °C, 4.2 - a product of the specific heat

of water on the density of water, l';—lc Cx - close to a

constant value dimension |/s characterizing the heat
exchanger at a fixed flow rate of air.

The value Cx has a fairly simple physical meaning.
When water flow through the heat exchanger Gy, nu-
merically equal to the value Cy, the water temperature at
the outlet T% be set midway between the initial temper-
atures of the heat exchange mediums: water at the inlet
to the heat exchanger (T,) and the ambient air (T,).
The above approach can be applied for determining the
parameters of thermal water guns and water heaters,
since they do not differ much from the air curtains with
the water heat exchangers on the principle of action: and
here and there we are dealing with a water heater, blow
round by air flow. However, at a recent meeting on the
verification in APIC technical director "Rustropik" A.
Pukhov suggested that this technique to some extent can
be used for hot-water heating radiators, despite the fact
that they do not have forced air flow, and the removal of
the heat is supplied by convection. The fact that the ap-
plied current approach to calculating the heat output of
radiators in some arbitrary conditions (system settings)
is cumbersome and complicated.

For example, the guidelines on the application of sec-

tional aluminum radiators is proposed to calculate the
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Hampumep, B pekoMeHAAIMAX MO NMPUMEHEHHUIO aTIOMHHHE-
BBIX CEKIHOHHBIX PaJMaTOPOB IPENNAraeTcs PacCUUTHIBATH
TEMJIOBYIO MOIIHOCTh PaJdaTopa CHCTEMBI BOASHOTO OTOILIE-

HUS C IOMOIIBIO CIeTyIomel (popMybl:

1+n

L +T%
W = Wyy X Wz W_TA X x(GW>mxb
= iy 70 “*\o1
xp, (2

rae Wyy — HOMHMHAJIBHBIN TEIUIOBOH MOTOK paguaropa mpu
HOPMAJIBHBIX YCIOBHSX, KBT; Gy — pacxoJl TEIIOHOCHTEIs
4epe3 paamarop, J/c; N ¥ M — SMIMPUYECKHE MOKa3aTeln
creneHd (MpUHUMAKOTCs 1o tabmunam); ¢, b u p — nompa-
BOYHBIE KO3()(DUIMEHTHI (IPUHUMAIOTCS IO TabInIam).

CrietyeT OTMETHTB, YTO PacXoj BOAbI uepes paauatop Gy U
TeMIepaTypa BOIBI Ha BBIXOAE pammatopa Ty SABIAIOTCA
B3alMO3aBUCUMBIMU BEJIUYMHAMHM M HE MOTYT YCTaHaBIIH-
BaTHCS IPOM3BOJIBHO: YEM BBIIIE PACXOJ BOJBI Uepe3 pajaua-
TOp, TeM OiMKke 3HAUYeHHEe TEeMIepaTyphl BOABI Ha BBIXOJE
NpUONIIKaeTcss K 3HAUCHUIO TEMIlepaTypbl BOJIBI Ha BXOJE
pamuaTtopa u Hao6opot. To ecTh BeIpaxkeHHe (2) oKa3bIBaeTCs
nepeornpezneneHHbM. K TOMy Jke eciaM HM3BEeCTHBI 3HAUCHUs
TeMIlepaTyp BOJABI Ha BXOJE U BBIXOJE paauaTropa M pacxoj
BOJIbI 4epe3 paJuaTop, TO TEIUIOBYI) MOLIHOCTh paJuaTopa

TIPOIIIE TTOJIYYUTh U3 ypaBHEHHs TEIUIOBOTO OajaHca:

W=42%XGyx(Ty—-Tx). (3)

Ecnu ske HeM3BECTHA TeMIIepaTypa BO/IbI Ha BBIXOJIE PaHaTo-
pa b0 HEM3BECTEH pacXojd BOABI Yepe3 paauarop, To Ghop-
Myna (2) okasbiBaeTcsi Oecronie3HoW. MBI pelnIy Uccieo-
BaTb, B KAKOW Mepe M3JI0KEHHasl paHee METOIMKa OL[EHOYHOT0
pacuera TEIUIOBBIX ITapaMeTPOB BOJISHBIX 3aBEC MOXKET OBITh
HNpUMEHNMa K pajuaTopaM BOASHOTO oToruieHus. Hacrosiuas
CTaThs HOCHUT JIMIIb OueHO‘[HbIﬁ XapaxkTep U HE NPETCHAYET Ha
MOJIHOTY OMMCAHMS TEIUIOBBIX IPOIIECCOB B PaaHAaTOpax BO3-

JAYIIHOI'O OTOIJICHUS.

ITpomMeiniieHHEIE BO3AYIIHBIE 3aBECHL AHTapec"

heat output of the hot-water sectional aluminum radia-

tors using the following formula:

TVII;+TV)|§ 1+n .
W =W,y X 27_7;1 xax(G—W) X b
oo 70 0,1
xp, (2

where Wyy - nominal heat flow of the radiator under
normal conditions, kW; Gy, - coolant flow through the
radiator, I/s; n and m - empirical exponents (taken from
the tables); ¢, b and B - correction factors (taken from
the tables).

It should be noted that the water flow through the radia-
tor Gy, and water temperature at the radiator outlet T;}
are interdependent values and can not be arbitrarily set:
the higher the water flow through the radiator, the closer
the value of the water temperature at the radiator outlet
approaches the value of the water temperature at the
radiator inlet and on the contrary. That is, the expression
(2) is redefined. Also, if the values of the water tem-
peratures at the inlet and outlet of the radiator and the
water flow through the radiator are known, the heat out-
put of the radiator is easier to get from the heat balance

equation:

W=42XGy x (T, -Ti). (3)

If the water temperature at the outlet of the radiator or
the water flow through the radiator are unknown, then
(2) is useless. We decided to investigate to what extent
the methodology outlined previously estimated calcula-
tion of thermal parameters of water curtains can be ap-
plied to water radiators. This article is only an estimate
and does not purport to thermal processes in the radiator

air heating.
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Puc. 1. 3nauenus senuuunvt Cy npu pasmuuHblX NOOKIOYEHUSX
paduamopa k menaocucmeme. 1) 6H 0 — 6x00 c8epxy, 6bIX00
cuuzy no ouazonanu, Tl = 75, Ty = 20; 2) un — 6x00 chu3zy,
8bIX00 CHU3Y, TV]; =75, Ty = 20; 3) H6 — 6X00 CHU3Y, BbIXOO
ceepxy ¢ moii oice cmoponvt, Ty = 75, Ty = 20; 4) én 75 —
6X00 c8epxy, 6b1X00 cHu3y ¢ moii Jice cmopouwt, Th, =75, Ty =
20; 5) 6 50 — 6x00 ceepxy, 6bix00 CHU3Y C MO JKHce CMOpo-
net, Ty =50, Ty = 20; 6) 61 40 — 6x00 c6epxy, 6b1x00 CHU3Y €

moii oce cmoponwt, T, = 40, T, = 20.

B kauectBe 00BEKTa MCCIIEIOBAHUS ObUT B3ST aTIOMHHHEBBII
pamuatop « GLOBAL AL ISEO 500» (6 cexuwuii). B npornecce
TIPOBE/ICHUS SKCIICPHMEHTa CHUMAJINCh 3HAYCHHS TeMIIepaTy-
PBI BOJIBI HA BXOJIE U BBIXOJE pagHaTopa M TEMIIEpaTyphl OK-
pY)Xarolero BO3/ayxa IPH HECKOJbKHX 3HAYEHHSIX pPacxoja
Bojibl OT 0,4 10 0,015 n/c. [To moay4eHHBIM pe3yabTaTaM pac-
CUNTBHIBAJIACh 3aBHCHMOCTb BENMYUHBI Cx OT pacxoja BOJBI
Yepe3 paguaTop MPH HECKOIBKUX CTAHAAPTHBIX ITOIKII0UEHH-
SIX paJiiaTopa: BXOJ BBEPXY — BBIXOJ BHH3Y C TOI K€ CTOPO-
HBI, BXOJ BHH3Y — BBIXOJ BBEPXY C TOH K€ CTOPOHEI, BXOJ
BHH3Y — BBIXOJ] BHU3Y, BXOJ BBEPXY — BBIXOJ IO THArOHAIN
BHI3Y. [lo mpuuMHAM HETOCTATOYHOI TOYHOCTH IMPOBEACHUS
3aMepoB OUEHb MAJBIX PACXO0B BOABI HA NMEIOIIEHCS IKCIIe-
PUMEHTAIBHON YCTAHOBKE HCIIBITAHUS HA PAacXojax BOJBI
gepe3 paauarop Menee 0,015 n/c He mpoBogmancs. CooTBeT-
CTBEHHO, TOJTydqaeMasi pa3HOCTh TeMIIepaTyp BOJBI HA BXOAE U
BBIXOJIC Paanaropa IpH NPOBEACHHH HCIBITAaHUI HE TPEBHI-
mana 11 rpagycos. [TomydeHHble pe3yabTaThl yKa3bIBAIOT, YTO
B HEKOTOPBIX TpeJieax 3HauYeHUH TeMIepaTyp BOALI Ha BXOJIE
U BBIXOJIE TIPH MAaJbIX U CPEJHHUX PACXOJax BOABI BEIUUHHY
Cyx MOXHO TPHOIIDKEHHO CYNUTATh MOCTOSTHHOM (puc. 1). Ox-
HAaKO NPH 3HAYUTEITHHOM H3MEHEHHH TeMIepaTyphl BOJIBI Ha
BXOJIC pajfaTopa 3HAYCHHE KBA3UIIOCTOSHHON BEMMYHUHBI Cy
CYHIECTBEHHO HU3MEHAJIOCH, YTO, BUUMO, CBA3aHO C U3MECHE-

HHEM yCJ'IOBI/II\;I KOHBCKIIMM M ChEMa TECIUIa C IOBEPXHOCTHU

ITpomMbinineHHBIE BO3AYIIHBIE 3aBECHI AHTapec"
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Fig. 1. The values of Cy at different radiator connec-
tions to the heating systems: 1) eu o - input on the top,
output on the bottom by diagonal, T}}, = 75, T, = 20; 2)
uu - input on the bottom, output on the bottom, T;}, = 75,
T, = 20; 3) ue - input on the bottom, output on the top
on the same side, T}, = 75, T, = 20; 4) u 75 - input on
the top, output on the bottom on the same side, T}}, = 75,
T, = 20; 5) en 50 - input on the top, output on the bot-
tom on the same side, T}, = 50, T, = 20; 6) s 40 - input
on the top, output on the bottom on the same side, T, =
40, T, = 20.

The object of investigation was taken aluminum radiator
«GLOBAL AL ISEO 500" (6 sections). During the ex-
periment the temperatures were recorded on the water
inlet and outlet of the radiator and the ambient air at a
flow rate values of 0.4 to 0,015 I/s. According to the
results were calculated dependence of Cy of water flow
through the radiator at a standard radiator connections:
input on the top, output on the bottom on the same side,

input on the bottom, output on the top on the same side,

input on the bottom, output on the bottom, input on the
top, output on the bottom by diagonal. For reasons of
lack of precision of the measurement of very small
flows of water on the available research facility tests by
water discharge through the radiator least of 0,015 1/ s
were not carried out. Accordingly, a temperature differ-
ence between water inlet and outlet of radiator for test-
ing should not exceed 11 degrees. The results indicate
that in some range of water temperatures at the inlet and
outlet for small and medium size of water flow rate the
value of C_K can be considered as approximately con-
stant ( Fig. 1). However at any significant change of
water temperature at the radiator inlet the value of qua-
si-permanent C, were significantly changed, that is

probably due to changes in the conditions of convection
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pazuaropa. B mepBoM mpuOIMIKEHUH MOYKHO CUUTATh, 4To (i
MIPONIOPIHOHAIEHO KOPHIO KBAJPAaTHOMY Pa3HUIBI TeMIepa-

TYp BOJbI Ha BXOA€ paaruaTopa U OKPYKaromIero Bo3ayxa:
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Puc. 2. 3nauenus senuuunovt Cy npu pasnuyHuix ROOKIIOYEHUSIX
paouamopa k menaocucmeme: 1) 61 0 — 6x00 c8epxy, 6b1x00
CHU3Y NO OUA2OHAT, TVFV =75, Ty = 20; 2) un — 6x00 cHu3zy,
8b1X00 CHU3Y, TVFV =75,T4 = 20; 3) H8 n — 6X00 CHU3Y, BbIXOO
ceepxy ¢ moii sce cmoponv, Ty, = 75, Ty = 20; 4) enn 75 —
6X00 ceepxy, 6b1X00 cHu3y ¢ moii Jice cmopouwt, Ty, =75, Ty =
20; 5) 61 n 50 — 6x00 c6epxy, 8bIX00 CHU3Y C MOLL dce CHOPO-
not, T, = 50, Ty = 20; 6) 61 n 40 — 6x00 cepxy, 6biX00 CHU3Y

¢ moti aice cmoponet, T, = 40, T, = 20.

[MosiBuBIIAsiCST 31€Ch KBAa3MIOCTOsHHAS BennunHa Cgp (akTH-
YECKH OTPEeeNsieT TeIIopu3nieckue CBOWCTBA KOHKPETHOTO
pamraTopa IpH pa3HbIX Pacxo/ax BOIbI U Pa3HbIX TEMIIEpPaTy-
pax Boabl Ha BXoje paamaropa. Jlnsg wuccnemyemoro 6-
CEKIIMOHHOTO amoMuHueBoro pammatopa «GLOBAL AL
ISEO 5005 3nauenue Bemuuunbl Cz~0,0005 (puc. 2).

Toraa st TpUOIMKSHHOM OIIEHKH MOIIHOCTH PaauaTopa mpu
HEHM3BECTHOM pacxoje 4epe3 paauaTop (0ObIYHO, KOrja pa-
JIMATOP yXKE YCTAaHOBJEH, CJIOKHO 3aMEPUTh PACXOM BOJIBI
4Yepe3 Hero, HO BO3MOJKHO C HEKOTOPOW CTEIEHBI0 TOYHOCTH
OIPEAENUTh TEMIIEPATYPy BOJBI Ha BXOJIE M BBIXOJE PajnaTo-

pa) MOXKHO MPUMEHSITH CIIeIYIONee BRIPasKCHHUE:

W~ 42X Cpx (TS —T) x (T = T)*° . (5)

and heat removal from the surface of the radiator. In the
first approximation, we can assume that C, proportion-
ally the square root of the difference in temperature of
water on the radiator inlet and ambient air:

Cx = Cp X (Tyy — T . 4)
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Fig. 2. The values of Cy at different radiator connec-
tions to the heating systems: 1) ex o - input on the top,
output on the bottom by diagonal, T}}, = 75, T, = 20; 2)
nu - input on the bottom, output on the bottom, Ty, = 75,
T, = 20; 3) use n - input on the bottom, output on the top
on the same side, T}, = 75, T, = 20; 4) 6x n 75 - input
on the top, output on the bottom on the same side, T}, =
75, T, = 20; 5) én n 50 - input on the top, output on the
bottom on the same side, T;}, = 50, T, = 20; 6) 61 n 40 -
input on the top, output on the bottom on the same side,
Ty, =40, T, = 20.

Appeared here quasi-permanent value Cp actually de-
termines the thermal properties of the particular radiator
at different water flow rates and different water temper-
atures at the inlet radiator. From test a 6-sectioned alu-
minum radiator «<GLOBAL AL ISEO 500" value of Cg
~0,0005 (Fig. 2).

Then for approximate estimation of the radiator heat
output by unknown water flow rate through the radiator
(usually when the radiator is installed, it is difficult to
measure the water flow rate through it, but it possibly
with some degree of accuracy to determine the water
temperature at the inlet and outlet of radiator) can be
used the following expression:

W 42x%Cy X (TS =T X (TY, —=T,)°5 . (5)
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Puc. 3. 3asucumocmv mennogoi mowHocmu paouamopa om
pacxoda 600vbl uepe3 paouamop npu uYemvlpex 3HAYEeHUSIX

memnepamypul 600bl Ha 6X00€

Ecnn xe, Hampumep, MpH MPOEKTUPOBAHUH CHCTEMbI TEILIO-
cHaO)KeHUs pacxXoj 4Yepe3 pajuaTtop 3aJaH, HO HEH3BECTHA
TeMIlepaTypa BOJbl Ha BBIXOJIE pPaAnaToOpa, €¢ 3HAaUCHUE MOXK-

HO TOJYYUTh UCXO/s U3 BeIpakeHuit (3) u (5):

G X T+ Cex (Thy = T,)"° X T,
Gw + Co % (T —,)"°

Ty (6)
MOIIHOCTh pajiiaTopa PacCYUTHIBACTCS MO YPABHCHHUIO TEIl-
noBoro Oananca (3) (puc. 3).

B 3akiroyeHue XoTenoch ObI OTMETUTh, YTO TEXHHYECKUI
otnen AITMK, Ha Ham B3rIsn, oOnamaeT TpedyeMbiM Jabopa-
TOPHBIM OOOPYIOBaHHEM H TIPH HEOOXOIUMOCTH CMOT OBl
pa3paboTaTh COOTBETCTBYIONIYIO METOAMKY W MPOBOJIHUTH Be-

pI/Id)I/IKaHI/I}O TaK¥XE U paiuaTopOB BOAAHOI'O OTOIIJICHUS.

IIpoMbiniIeHHBIE BO3IyNIHLIE 3aBECHL ' AHTapec"
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Fig. 3. The dependence of the heat output of the radia-
tor on the water flow through the radiator at four values
of the inlet water temperature.

If, for example, when designing the heat supply system
the water flow through the radiator is set, but unknown
water temperature at the radiator outlet, its value can be

derived from the expressions (3) and (5):

_ Gy X Ty + Cp X (Tfy = T,)° X T,
a Gy + Cr X (T, — T,)05
The heat output of the radiator is calculated by the heat

Ty

(6)

balance equation (3) (Fig. 3).

In conclusion, | would like to note that the technical
department of APIC, in our opinion, has the required
laboratory equipment and, if necessary would be able to
develop an appropriate technique and to carry out the

verification of the water radiators.
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