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Introduction

Two kinds of heat exchangers are used in heat supply systems that are: shell-
and-tube and plate-type. It is necessary to enhance heat transfer and to decrease
pressure losses and scales. Modern plate heat exchangers are often compared with
shell-and-tube apparatus, which has no intensificators of heat transfer. Owing to heat
transfer enhancement, it is possible to refine so much characteristics of shell-and-tube
apparatus, that they will be comparable or better, then of plate heat exchangers.

Comparison of heat transfer, hydrodynamic and scales characteristics in shell-
and-tube heat exchangers with different intensificators of heat transfer was made in
this work. It were chosen for intensification of heat transfer on the base of existing
investigations [1-7]: a tube with circular knurl, a tube with spiral knurl, a twisted tube
and a dimpled tube.

The calculation of heat and hydraulic characteristics and influence of scales on
heat exchange of apparatus with intensifiers was made on the base of the known
recommendations based on experimental data. Calculation data was obtained for the
conditions of heat supply systems. The heat exchanger was considered in the capacity
of an example, consisted of the beam of 37 tubes L = 1341 mm, d = 10 mm, material
— steel, thickness of a wall — 1 mm. Parameters for hot heat-carrying agent are: flow
rate G = 6.2 — 7.5 t/h, inlet temperature - T = 70 °C; parameters for cold heat-carrying
agent are: flow rate G = 5.3 — 7.1 t/h, inlet temperature - T = 11 °C.
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Choosing of heat transfer intensificators characteristics

The results of a number of researches were used for choosing heat transfer
intensificators characteristics for heat exchanger in heat supply systems.
Mpr. Peteris Savelyev researched heat transfer and hydrodynamic in a tube with spiral
knurl with different number of starts by #/d=3, where t — step of knurl, d — diameter of
tube for a water in a range of Reynolds numbers Re = (5 - 50)*10° in work [1] (Fig.
1). Dependence of ratio Nusselt numbers for spiral shaped and smooth tubes are
shown on fig. 2. The data for the tubes with different curvature radius of knurl are
identified 2.1 and 2.2 on fig. 2. As it established, the tubes with single-pass knurl are
more effective, then double-pass and triple-pass. The ratio of Nusselt number
increases with decreasing of Reynold's number. Especially, it is detected for a tube
with double-pass knurl and curvature radius 3.5 mm.
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Fig. 1. Spiral shaped tube [1] (tube with spiral knurl)
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Fig. 2. Dependence of ratio to
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Reynold's number Re.

1 - Tube with single-pass knurl

2.1 - Tube with double-pass knurl, r=3.2
2.2 - Tube with double-pass knurl, r=3.5
7 3 - Tube with triple-pass knurl
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The tube with single-pass knurl with ratio step of knurl to diameter of tube
t/d=3 was chosen on the base of results presented in [1].
A choice circular knurl characteristic (Fig.3) was made on the base of Dreytser G.A.
recommendations [2]. Owing to conducted calculations, it were chosen: step — 6 mm,
depth of knurl — 0.5 mm. In this case sufficiently high heat transfer was obtained with
acceptable pressure losses.
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Fig. 4. The tube with circular knurl

A choice twisted tube characteristic (Fig. 4) was made on the base of
Dzubenko B.V. research results [3]. It was shown in work [3] that twisted tube with
S/d=8 provides essential heat transfer increasing with relatively small hydraulic
friction growth.

Fig. 4. Twisted tube
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A choice dimpled tube characteristic (Fig. 5) was made on the base of
Kiknadze G.I. research results [4]. Owing to recommendations of work [4], it was
chosen: longitudinal step — 6 mm, dimple diameter — 3 mm, dimple depth h = 1 mm.
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Fig. 5. Dimpled tube

Calculation results

Calculation results of heat transfer, pressure losses and scales in heat
exchangers with heat transfer intensificators and without them are presented on
Fig.6,7 and 8 for considered conditions. Dependence of ratio heat transfer coefficients
to Reynolds number and flow rate of cold heat-carrier in tube space for heat
exchangers with heat transfer intensificators and without them are presented on Fig.6
for: a tube with circular knurl, a tube with spiral knurl, a dimpled tube and a twisted
tube.
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Fig.6. Dependence of heat transfer coefficients ratio to Reynold's number and flow rate of cold
heat-carrier in tube space
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As it was acquired, the most growth of heat transfer coefficient (up to 80%
against heat exchanger without heat transfer intensificators) was obtained in case of
twisted tube. In case of dimpled tube increasing of heat transfer coefficient up to 80%
is also observed by low Reynold's numbers, but this effect looses with growth of
Reynold’s numbers. The tube with spiral knurl and the tube with circular knurl
provide a growth of heat transfer coefficient in heat exchanger up to 60%. Essential
growth of heat transfer in heat exchangers with investigated heat transfer
intensificators is explained, that the data is obtained in the Reynold's number range,
agreed to transition zone from laminar to turbulent flow.

Dependence of ratio pressure losses Reynold's number and flow rate of cold
heat-carrier in tube space for heat exchangers with heat transfer intensificators and
without them are presented on Fig.7 for: a tube with circular knurl, a tube with spiral
knurl, a dimpled tube and a twisted tube.

It was estimated, that the most growth of ratio Ap*/Ap (up to 45%) was

obtained in the tubes with circular knurl. Spiral knurl reduced to growth of ratio
No*/Ap up to 35%. The growth of ratio Ap*/Av up to 25% was obtained for twisted

tube, and in case of dimpled tube — 20%.

Time dependence of heat transfer coefficient is presented on Fig. 8 for: smooth tube,
twisted tube and tube with circular knurl with carbonate hardness of water C = 10 mg-
equiv/l and Reynold's number Re=3000. Formulas, offered by Dzubenko B.V. in
work [5], were used for calculation of changing heat transfer coefficient in time.
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Fig.7. Dependence of ratio pressure losses to Reynolds number and flow rate of cold heat-
carrier in tube space
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Fig.8. Scales influence on heat transfer coefficient in heat exchanger

As it was acquired, heat transfer coefficient for a smooth tube continuously
decreasing in result of scales and for 250 hours decreased in 2,5 times. Heat transfer
coefficient for heat exchangers with twisted tubes and tubes with circular knurl in the
beginning is decreasing and then it's magnitude is stabilizying. Thereby, efficiency of
using turbulence stimulator in heat exchangers with the course of time increases.

Conclusions

Comparison heat transfer, hydrodynamic and scale characteristics in shell-and-
tube heat exchangers with different heat transfer intensificators was made in this
work. For heat transfer intensification it was chosen: a tube with circular knurl, a tube
with spiral knurl, a dimpled tube and a twisted tube.

The calculation of heat and hydraulic characteristics and influence of scales on
heat exchange of apparatus with intensifiers was made on the base of the known
recommendations based on experimental data. Calculation data was obtained for the
conditions of heat supply systems in a range of Reynold's numbers Re = 2500 — 5000.

The most growth of heat transfer coefficient (up to 80% against heat
exchanger without heat transfer intensificators) was obtained in case of using in heat
exchanger the twisted tubes. In case of using in heat exchanger the dimpled tubes
increasing of heat transfer coefficient up to 80% are also observed by low Reynold’s
numbers, but this effect looses with growth of Reynold's numbers. The tube with
spiral knurl and the tube with circular knurl provide a growth of heat transfer up to
60%.

The most growth of ratio Av*/Ap (up to 45%) was obtained in the tubes with

circular knurl. Spiral knurl reduced to growth of ratio Ap*/Ap up to 35%. The growth
of ratio Ap*/Ap up to 25% was obtained for heat exchanger with twisted tubes, and in
case of dimpled tubes — 20%.
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Heat transfer coefficient for heat exchanger with a smooth tubes with carbonate
hardness of water C = 10 mg-equiv/l and Reynolds number Re=3000 continuously
decreasing in results of scales and for 250 hours decreased in 2,5 times. Heat transfer
coefficient for a twisted tube and tube with circular knurl in the beginning is
decreasing and then its magnitude stabilized. Thereby, efficiency of using turbulence
stimulator with the course of time increases.
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Kuzma-Kichta Yu.A., , Lodvikovs K.M. Profiletu - ribotu cauruu vai plaksnisu
siltummaini

Darba veikta termisko un hidraulisko raksturojumu aprékinasana, ka ari izmeru ietekmes analize
apardtiem ar siltumapmainu intensificéjoSiem elementiem, pamatojoties uz agrak zinamu
ekeperimentalo pétijumu rezultatiem un rekomendacijam. Izejas dati aprékiniem tika izvéleéti
parametru diapazona, kas ir raksturigi siltuma un iidens apgades sistemam. Aprekinu analize rada, ka
aplikotaja Reinoldsa skaitla (Re ) diapazonad visaugstakas siltumapmainas koeficienta vértibas ir
caurulem ar grumbulaini profilétu virsmu pie Re<3*10° un vitnes profila caurulém pie vértibam
Re>3*10°.  Izvéletaja izméru diapazond siltumapmainas koeficienta vértibas vitam caurulém un
caurulem ar ievalcétiem cilindriskiem iedobumiem sakotneji samazinas, bet péc tam stabilizéjas un
paliek aptuveni konstantas, kameér gludam caurulém Sis vertibas monotoni samazinas lidz ar
ekspluatacijas laiku. Spiediena zudumi vitdas caurulés ir praktiski tadi pasi ka gludam caurulem.
Spiediena zudumi caurulém ar grumbulaini profilétu virsmu ir mazaki salidzinajuma ar gludam
caurulém.

Kuzma-Kichta Yu.A., , Lodvikov K.M. Shell-and-tube or plate heat exchangers

The calculations of heat and hydraulic characteristics and influence of apparatus with intensifiers size
analysis to heat exchanger potential of equipment were made onto the basis of known experimental
data recommendations. Calculations data were received in a range of parameters, that are typical for
a heat and water supply systems.

It was obtain, that in studied range of Reynolds’s number, the most better heat transfer coefficient
value is for the tubes with dimpled interface with Re<3*10,” and in case a swirl tubes by Re>3*10°.
Under the stipulation of scales, the heat transfer coefficient for a swirl tube and tube with circular
knurl in a beginning is decreasing, and then comes out on a constant, whereas for a smooth tube —
monotonically decrease in time. Pressure losses in heat exchanger with twisted tubes are almost the
same as in case of smooth tubes. Pressure losses in heat exchanger with dimpled tubes are less than in
case of smooth tubes.
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Kyzoma-Kuuma IO.A., , Jloosuxkoe K.M. Ananuz pabomvl mennoooMeHUKo8 ¢
npogunuposannvimu mpyoamu

Pacuémor mennosvix u 2u0pasiuueckux Xapakmepucmux, a masxjce IusiHus pasmepos Ha meniooomen
6 annapamax ¢ UHMeHCcUQuUKamopamu meniooodmena Ovi1 cOenaH Ha 0dze U38eCMHBIX paHee
peKomenoayull U OCHOBAHHLIX HA IKCHEpUMEeHmanbHule OaHHble. Buiuucnenus 6viiu nposedenvt 6
npeoenax napamempos, Komopvle AGIAIOMCA MUNUYHLIMU 05l CUCTHEM MeNna08000CHaby ceHus. B
uzyueHHom ouanaszone uucen Peiinonvoca 6vino0  ycmanogieno, umo Hauboivuiee 3HAUEHUE
Ko3(duyuenma  mennonepedauu Oocmueaemcs 6 mex CAyYdsax, Koeoa UCNoab3yemcs mpyba c
NOKPBIMBIMU AMOYKAMU nosepxHocmbio npu Re<3*10°. Ipu Re>3*10° spgpexmusnee pabomaem
cnupanbHo 3aKpyyennas mpyba. u kozda mpyéa 600oeopoma Re>3*10°. B paccmompennvix pescumax
KoagPuyuenm menionepedadu 051 CRUPATLHO 3AKPYHUEeHHOU mpyobl U mpybwl ¢ KPY208ou HACEeUKol
NEPBOHAUANLHO YMEHbULAEeMC S, a 3amemM CMmAaOUIU3Upyemcsl, moaoa Kax Oas 2iaoKot mpyowvl —
MOHOMOHHO YMeHblaemcss co epemenem. I[lomepu Oagienus 6 mMeni00OMEHHUKE ¢ KPYYeHblMU
mpybamu noumu makue oice, KAk U 6 cayuae ¢ enaokumu mpyoamu. Ilomepu Oaeienus 6
MeNni00OMeHHUKe ¢ NOKPbIMbIMU PAOUANbHBIMU YenyOieHusiMu mpybamu MeHbule, 4eMm 6 Clyyae
UCNOTB30BAHUSL 2IAOKUX MPYO.
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