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In industry contact-surface heat exchangers are used. Deep chilling of burning products is
realised in these apparatuses (30-40 °C). At calculation of contact-surface heat exchangers the transfer
coefficient of full heat for nozzle chamber s against of determinative factors both for contact part and
for irrigated surface heat exchangeris the most important. It may be obtained by several methods. By
this there is difficulty at choice of the most effective method, which would provide high accuracy of this
value calculation and also would not be too complicated.

The aim of this article is choice of the most rational schemes of heat utilization equipment
composition for the endogas burning products heat utilization and design of engineering method of this
equipment calculation. The dependencies obtained are quite simple, easy to use and give good consistency of
the results. An effective method of determination of the full heat transfer coefficient for nozzle chamber in
contact heat exchangers at any given output values at the specified interval, which makes it possible to
conduct calculations both graphically and analytically, is proposed. In this article there is proposed method
of value s calculation for contact-surface heat exchangers, which corresponds both conditions described
above. Method of numeral integration is chosen as a base. It allows to calculate an value s with the highest
accuracy. Value sis presented as function against 4 independent arguments. Obtained results are presented
as a chart, which is approximated by an equation. Thus, we assert that effective method for calculation of
the transfer coefficient of full heat for nozzle chamber in contact-surface heat exchangers, which are used
for common and technological hot-water supply, is composed.

Key words: contact-surface heat utilizer, endogas, ceramic Rashig tubes, active nozzle chamber,
full heat transfer coefficient, irrigated surface, heat exchanger.

Introduction

At chemical-heat treatment of metal products as protective medium is widely applied endogas,
which is result of partial burning and conversion of natural gas. The spent endogas can be regarded as a
source of low-potential burning secondary source of energy (SSE) (Aronov, 1978; Sosnin, 1974). Its
specific heat of burning is Q7 = 6650 kJ/m°,

It is advisable to use a surface-to-surface utilizer to use the heat of endogas combustion products. It
is one of the means of achieving energy savings (Mysak et al., 2014; Zhelykh et al., 2009; Voznyak et al.,
2017; Voznyak et al., 2005; Varlamov et al., 2016). Its efficiency depends on the lay out of the contact
chamber and the nature of the hot water consumers.

Target of this article

This article is intended for choice of the most rational schemes of heat utilization equipment
composition for the endogas burning products heat utilization and design of engineering method of this
equipment calculation.

Techniques used

There were carried out experimental investigation of contact-surface heat utilizer, in which contact
nozzle chamber and intermediate surface heat exchanger is applied.
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There are regarded four schemes of composition (Fig. 1) of heat-accepting part of heat-utilization
apparatuses (HUA). In the first — scheme A, HUA was made as contact chamber (Aronov, 1978) of a type
with is equipped of the inserted ceramic Rashig tubes (50x50x5). In the second one — scheme B, nozzle contact
heat utilizer extra equipped by intermediate surface heat exchanger (Sosnin, 1974).In two next versions it have
been investigated HUA with contact chamber of combined type, which consists of nozzle chamber and
irrigated surface heat exchanger [3], moreover in the third scheme (scheme C) surface heat exchanger was
situated as the first on a course of combustion gases, and in the fourth scheme (scheme D) — as the second. As
carried out intermediate heat exchanger two sections fast-track water-heating apparatuses with the total area of
heat 13 m? were used. Height of nozzle chamber was varied in intervals 0,25-0,55 m.
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Fig. 1. Schemes of heat-utilizer composition

The research technique supposed measurement of all magnitudes, which one in an obvious or latent
aspect go for an equation of a heat balance and allow to define a thermal output, indexes of efficiency and
aerodynamic properties of the apparatuses.
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Fig. 2. Chart for determination of a transfer coefficient of full heat for nozzle chamber
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On a base of obtained experimental data charts have been created for determination of a transfer
coefficient of full heat for nozzle chamber sagainst of determinative factors both for contact part (Fig. 2)
and for irrigated surface heat exchanger (Fig. 3).This data is obtained due to mathematic models
(Voznyak et al., 2005; Salo & Kucherenko, 2007; Kudinov, 2000).
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Fig. 3. Chart for determination of a transfer coefficient of full heat
for irrigated surface heat exchanger (scheme D)

Both chart have been approximated due to personal computer. For nozzle chamber altitude s
(Fig. 2) is calculated by equation:

o =—132.28+833.23x; + (59.11—111.03) - (1.44 — 0.11x,) - (¥, +1.35) (1)
For the irrigated surface heat exchanger (scheme D) altitude s (Fig. 3) is calculated:

o =92+ 2%, + (0.64 4 0.09x,) - (151.57 —1.60x3 + (23.47 — 0.29%;, X

2
x ((7.81x5 —19.41) + (13.96 — 6.11x;5) - X¢1))
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At the irrigated surface heat exchanger installation according scheme C, as experimental
investigations showed, determinative factors do not influence on transfer coefficient of full heat for
nozzle chamber s. For this scheme for total interval of factors varying altitude sis between
70-75 kg/(m? - h) (lonkin et al., 2015; 1zyumov & Supranov, 2010).

Obtained empirical dependences for calculation heat output each of constructive scheme of heat
utilizer composition (for schemes C and D — at irrigated surface heat exchanger with n = 4).

Scheme A:
0,26
Q= 7.98+1.15.[(Vp)m - 0.3] +5.88H +5.785 ©)
Scheme B:
0,23
Q :2.88+1.11-[(Vp)m —0.3} +5.14H +6.085 (4)
Scheme C:
0,30
Q=15.12+1.18- [(Vp)m - 0.3} +3.36H +4.456§ (5)
Scheme D:
0,28
Q=11.26 +1.16-[(Vp)m —0.3] +437TH +2.026 (6)

With the purpose of matching efficiency any of the schemes of HUA composition main indexes of
power efficiency of apparatuses have been determined. The estimation of a degree usage of a heat of
endogas products combustion was realize due to usage waste energy coefficient (= Q/Qyp ), thermal

index of installation efficiency (n,, =Q/Q, .4 ). Comparison of HUA composition schemes have been

realized on the basis of exergy balance, that allowed to carry out an estimation of separated components
from the point of view of extremely ability for work realization and to calculate exergy index efficiency
(Mel’nikov et al., 2014; Pleshanov et al., 2014).

It must be noted, that estimation and comparison of the schemes of HUA composition efficiency is
carried out due to exergy index efficiency, completely according with results obtained at calculation of
energy efficiency indexes h_ i E,. Analysis of results has showed, that the highest efficiency belongs to

heat utilizer at the scheme of composition A. However this scheme is recommended only for providing
with hot water technological consumers only. Efficiency of heat utilizer at scheme B is the lowest. But
advantage of this scheme is fact that all heated water corresponds to health demands and can be applied
for needs of common hot water supply. Intermediate place fill accordingly schemes of composition C and
D, that allow at the same time to provide with hot water both common and technological consumers. By
this scheme C is recommended at relation Q"/Q"° = 0.20 - 0.35, and scheme D — accordingly 0.15 — 0.25.

Conclusions

1. The dependencies obtained are quite simple, easy to use and give good consistency of the results.

2. An effective method of determination of the transfer coefficient of full heat for nozzle chamber
in contact heat exchangers at any given output values at the specified interval, which makes it possible to
conduct calculations both graphically and analytically, is proposed.
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KOHTAKTHO-IIOBEPXHEBHUM TEILJIOYTUJII3ATOP

O Bosusx O. T., FOpresuu IO. C., Kacuneys M. €., Cyxonosa I. €., Josoyw O. M., 2020

Y IpOMHCIOBOCTI 3aCTOCOBYIOTHCSI KOHTAKTHO-TIOBEPXHEBI TEIUNIOOOMIHHMKH. B 1MX amapaTax peai-
3y€TbCs TNIMOOKE OXOJIOMKEHHS npoaykTiB cnamoBands (30-40 °C). Ilpu pospaxyHKY KOHTAaKTHO-
MTOBEPXHEBUX TEINTIOOOMIHHUKIB ITOBEPXHEBUI KOe(illieHT Mmepeadi HOBHOTO TEeIIa JJIs HacaAKoBOI KamepHu
€ HaWBaKIMBIIINM (QAKTOPOM, MIO0 BU3HAYA€E SK KOHTAKTHY YacTUHY, TaK 1 3BEACHHI IMOBEPXHEBUil
TerI000MiHHUK. 1[pOro mocsraroTh AeKiIbKOMa MeTomamu. [IpH HbOMY BHHHUKAIOTH TPYIHOIII 3 BHOOpPOM
Haile(peKTHUBHIIIOTO METONy, KUK OM 3a0e3medyBaB BUCOKY TOYHICTh PO3PAXYHKY ILi€l BEJIMYMHHU, a TAKOXK
He OyB OM HAATO CKJIAAHUM. Y IIii CTATTi 3alPONIOHOBAHMI METOJ] pO3PaxyHKy BEIMYMHHU S AJIsI KOHTAaKTHO-
MTOBEPXHEBUX TEIUIOOOMIHHUKIB, SIKHI BiAMOBimae OOMIBOM yMOBaM, OMUCAHUMH BHUIIE. SIK OCHOBHHUH
3aCTOCOBYIOTh METOJ] YMCEIHHOTO IHTETPYBaHHS, 332 SKMM MOKHa OOYMCIIMTH 3HAUYEHHSA S i3 HalOLIBIIOO
TOYHICTIO. 3HAYCHHS S MOJAETHCA K (YHKINSI YOTHPHOX HE3AICKHUX apryMeHTiB. OTpUMaHi pe3yabTaTu
MO/IaHO y BUTJISAL Aiarpamu, sIKy ampoOKCHMOBAHO 3a JOMOMOTor piBHIHHs. OTKe, MOKHA CTBEPIKYBATH,
IO 3alpoIOHOBaHO €(EKTHBHUM METOJ pO3PaxyHKy KoedilieHTa IepedaBaHHS IOBHOI TEIUIOTH IS
HACaJIKOBOi KaMepH B KOHTAKTHO-TIOBEPXHEBUX TEINIOOOMiHHHUKAX, SIKi BUKOPHUCTOBYIOThCA IUIS 3aTajbHOTO
Ta TEXHOJIOTIYHOTO TapsYOro BOJIOIIOCTAYaHHS.

Mertoro crarti € BHOIp HaWpaliOHAJBHINIMX CXEM CKIaay OOJamHaHHA YTHI3alii Tera it
BUKOPHCTAHHS TeIIa MPOJXYKTIB CIIAIIOBAHHS €HJ0Ta3y Ta PO3pOOJICHHs IHXXEHEPHOTO METOXy PO3PaxyHKy
1poro obsagHaHHa. OTpuUMaHi 3aJeKHOCTI JOBOJII TIPOCTi Y BUKOPHUCTaHHI Ta JAl0Th XOPOIIY y3TOJKEHICTh
pe3ynbTaTiB. 3aponoHoBaHO e(heKTHBHUM METO] BU3HAUCHHS KOoe(illieHTa IepejaBaHHs TOBHOTO TEIUIa JUIs
HacaJKoBOi KaMepH B KOHTAKTHHX TEIUIOOOMIHHMKaX Npu Oynb-SKHX 3aJaHUX BUXITHUX 3HAUCHHAX Y
BKa3aHOMY iHTepBaJli, 1[0 Ja€ 3MOTy MPOBOIUTH PO3PAXyHKH SIK TpadivyHO, TaK i aHATITHIHO.

KilouoBi c¢j10Ba: KOHTAKTHO-NOBEPXHEBMIl TeIUIOYTHJI3aTOP, €HA0ra3, KepaMmidHi Kiibus
Pamura, akTuBHa HacagKkoBa Kamepa, kKoe(ilieHT nepegayi MOBHOIO TelJia, 3pOLIYBAJIbHA OBEPXHS,
TeNnJI1000MiHHUK.



