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Abstract. The paper provides the results of experimentas ifsd wavy fin and tube heat exchanger used to(beal)
air in a ventilation system when the wavy fin of theat exchanger is dry and wet. The experimesstd,tperformed
in the range of 1000<Re<4500 of the Reynolds nundstermined the dependency of the heat transfeficieet on
the amount of supplied air with the varying geometf the heat exchanger (the number of tube roles,distance
between fins, the thickness of the fin and the éi@mof the tube). The experimental tests wereope€d on 9 heat
exchangers in heating mode (dry fin) and 6 heaha&xgers in cooling mode (wet fin). The ratio of theansfer
coefficient values when the fin is dry and wet garfrom 0.79 to 1.12. After processing the refithe experimental
tests, equations defining the dependency of the theasfer coefficient on the amount of air andyirsy geometric
parameters of the heat exchanger were deriveddhb@sevhich 86% to 88% of the results do not excied10%
tolerance margin and the standard deviation vénes 3.5% to 4.3%.

Keywords: Air-to-water heat exchanger, wavy fin, dry surfaéhe fin, wet surface of the fin, heat trangfeefficient.

Conferencetopic: Sustainable building services: energy saving aat retention, HVAC systems, integrated HVAC
design.

Introduction

As the requirements for energy usage efficiencyR'101.02:2016) in new buildings become tightersigieng
mechanical ventilation systems that ensure praopgeatilation and air quality becomes compulsafhen designing
such systems, ventilation devices in which air pesing operations take place are provided for. ilebpat recovery
unit being installed in ventilation devices, in erdo retrieve the heat (coolness) of the exhausted part of the heat
or coolness has to be given to the supplied aiacfeve this, fin and tube heat exchangers tlegigoe the air to meet
the necessary parameters are typically used.

Currently there is a large variety of configuragaf this type of heat exchangers available omtheket. When
choosing a heat exchanger, it is essential to tskelieca size that would ensure not only the paetars of the supplied
air under design conditions, but that would alsonbé too big, because increased pressure lossesralease
investment and operational costs.

As the review of previous studies shows (Pirompetgal. 2009; Kim, N. H., Kim, T. 2015), the resistancds
the boundary layers of air and water, the tubesnatid the fin affect heat transfer the most. Otésistances affect
the general resistance only slightly and thus ateanalysed. Although there have been many studiegpletedLin
et al. 2002; Kim 2007; Pirompuged al. 2010; Wang, Liaw 2012) that determine the depecelef the heat transfer
coefficient of the boundary layer of air on the Relgs number, the configuration of each heat exgbawaries (in
terms of vertical and horizontal distance betwéenttibes, the shape of the fin, the diameter addpbtc.), the most
commonly investigations with the flat-shaped firvédeen performed. The experimental results of éerelhanger
which consist of such shape fins can be simply @atge with the theoretical data. The dependenteal transfer
coefficient on Reynolds number of heat exchangedyced of wavy shape fins have been chosen to smdlye to
lack of investigations those examine charactesgifcsuch shape fins.

After analysing the methodologies used to deterrhiea&t transfer coefficient (Taylor 2004; Pirompuagal.
2006; Kastl 2012), the optimal AHRI methodology d#sed in the standard (AHRI 2001) was selecteds Th
methodology is based on logarithmic mean tempegatifference (LMTD) (Linet al. 2002) in heating mode and the
logarithmic mean enthalpy difference (LMED) (Xagal. 2009) when the cooling mode is analysed (i.e. vtherfin
of the heat exchanger is completely wet).

© 2017 The Authors. Published by VGTU Press. Thiar open-access article distributed under thestefithe Creative
Commons Attribution (CC BY-NC 4.0) License, which pesmnitirestricted use, distribution, and reprodudiioany medium,
provided the original author and source are crddite
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The purpose of this paper is to determine the digrey of heat transfer coefficient of the boundayer of air
in Komfovent heat exchangers on the Reynolds nuinbdgzating and cooling modes based on the AHR thaasfer
coefficient calculation methodology.

The description and the calculation methodology of the experiment

The purpose of experimental tests is to deterniiwedependencies of heat transfer coefficient onfaHewing
parameters:

— the distance between fins;

— the thickness of the fin;

— the diameter of the tube;

— the number of tube rows.

In order to achieve this, heat exchangers thabhfidone varying parameter compared to the bagestiehanger

(No. 2) were tested. Table 1 lists the parametkadl beat exchangers:

Table 1. Geometric parameters of heat exchangers

No. | L, mm L, mm L, mm S, mm N B mm
1 25.98 30.0 2.4 0.1 2 9.93
2 25.98 30.0 2.4 0.1 4 9.93
3 25.98 30.0 2.4 0.1 6 9.93
4 25.98 30.0 1.6 0.1 4 9.93
5 25.98 30.0 2.0 0.1 4 9.93
6 25.98 30.0 3.0 0.15 4 9,93
7 25.98 30.0 3.6 0.15 4 9.93
8 25.98 30.0 4.0 0.15 4 9.93
9 25.98 30.0 2.4 0.1 4 12.53

Heat exchanger No. 2 was selected as the refereeme exchanger (Table 1). Several parameters df hea
exchangers No. 6, No. 7 and No. 8 vary becauseased distance between fing)(increases the thickness of the fins
(Fig. 1). The fins of the tested heat exchangezsaavy. Distinctive parameters and the shape ofithae shown in
Fig. 1.

L

sg*@%fwﬁﬁ#%

\J |

Lt
an

A
L

L _“"—a.._ﬁ___h_______/" T

Fig. 1. The shape of the plate of the tested headtamgers
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The tests were carried out in the special heatan@ir testing stand. Its schematic diagram is geavin Fig. 2.
The heat exchanger testing stand consists oftoarrheasurement equipment, air parameter measutegaipment
in front of and behind the heat exchanger and vilderand temperature measurement equipment.

1 - Air flow measurement using nozzles

2 - Air mixing section

3 - Temperature and humidity sensors before heat exchanger
4 - Fin and tube heat exchanger

5 - Air mixing section after heat exchanger

6 - Temperature and humidity sensors after heat exchanger
7 - Fan

8 - Water flow and temperature measurement

9 - Humidifier

g1 2 3 4 15 /6 7
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Fig. 2. Schematic diagram of a heat exchangentgstand

Over the course of experimental tests, heat exarargge tested by changing the air flow going tghoi, thus
adjusting the dependency of heat transfer on ttftoai. The speed of air going through the fin &moe heat exchanger
varies from 1 m/s to 5 m/s.

In order to determine the dependency of the haatfer coefficient on the Reynolds number in thergary
layer of air, we have to find the power of the heathanger under certain conditions. The poweh@heat exchanger
is calculated in two ways (based on air and wageapeters) Eq. (1-2) and the arithmetic mean isetkfrom these
results (3):

qair = I’.nairCp,airA-I-air’ (1)

Quat = m/vatcp,watATwat '(2)

q ir + q t
q — al wal ,

where:gair , Qwat, g — heat transfer capacity of air, water and overefipectively, W;m,, , M, — mass flow rate of

air and water, respectively, kg, Cowar — Specific heat of air and water, respectivelyk&FC; ATair, ATwar —
temperature difference, °C, K.

Having determined the power of the heat exchar®)eme can calculate the overall heat transferfaent (4—
5). The LMTD method (4) is used for the heating madd the LMED method (5) is used for the coolingdm

AAT

- m 4

q R (4)
AA

q y (5)

Cp,a RaW

where:A — area, M ATm, 4hm — logarithmic mean of temperature (°C ) and epthgkJ/kg), respectively Tair, 4 Twat
— temperature difference, °C, IR — thermal resistance, referred to total externahani.°C/W; Ryw — thermal
resistance of wet surface in air side, referremtal external area, H1C/W.

Following the LMTD method, in the equation (6) aird water temperature differences are used wHi@afimg
the LMED method, differences of air and fin extérearface enthalpies are used (7). Equations (8)(@pare used
for the cross flow heat exchangers.

AT = (twl ~ taz)_ (th _ tal) (6)
m (twl — taz) '
In
(th - tal)
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(hy =)= (h,, —hy)
Ah, =2 a : Q)
" (hal 52)
(haZ hsl)

where:tw, twe — temperature of entering (leaving) coil water sxtjvely, °C;tx, tax — temperature of entering (leaving)
coil air, respectively, °Qha1, hao — enthalpy of entering (leaving) air, respectivély/kg;hai, ha> — enthalpy of entering
(leaving) saturated air at coil surface, respebtjvel/kg.

In equation (4), total resistance of the heat emghaR) is used which consists of resistances of bounkdgers
of water and air as well as thermal resistancekeofube and the fin (8):

R=R,+R+R +Rp, (8)

where:Ry, Rip — thermal resistance of water and dry air side Haunlayer, respectively, #1C/W; R, R; — thermal
resistance of tube and fin, respectively; %G/W.

The resistance coefficienR() of the boundary layer of water is determined lBjng the Pethukov-Kirillov
method (9) (Taler 2016):

Rv= (9)

s‘: Elw

h, = D (10)

Nu,, =

w

i(RaN—1000) Pr, D \2?
8 [1+ —'j (11)

f 1/2
1+ 12,7(8j (Pre-1

f =(18log(Re,) - 15)7, 12)

where:B — ratio of total external coil surface area to th&l internal surface arehy, —water side convection heat
transder coefficient, W/ (fC ); Nu — Nusselt numbek, — material thermal conductivity, Wim/(n?-°C); D;— inner
diameter of the tube, n= friction factor, W/(nd-°C); Rew — Reynolds numbePr,,— Prandtl numbet; — length, m.

The thermal resistance of the boundary layer offai) is calculated on the basis of the equation (13):

R = e (13)

where:h,p — air side convection heat transfer coefficient,(W-°C ).

The thermal resistance of the tulsy) (s calculated on the basis of the equation (14):

BD D
R=—+ K Di, (14)

where:D, — tube outside diameter, i;— thermal conductivity of the tube, W/(I€).

The thermal resistance of the fiR:)is calculated on the basis of the equation (Egithe values calculated

based on equations (16-21):
1—
R, = (—”j R, (15)
n
_ nfinA%ec+ Aprim
Ay

, (16)
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_ tanh(r,p)

17
—_— a7

fin

where:; — total external surface effectiveness; — fin efficiency; A« — secondary surface area; Wyim — primary
surface area, fnAo — total external surface area;m — radius of the tube, nmand ¢ — fin characteristics

Mz 2a,, ,
\/ K,s (18)
I r
q,:(_e_lj 14 0,35|n£—eJ o
Iy M

r, = 127207°, (20)
=2t (21)

where:k, — air thermal conductivity, Whm/(n?-°C); s — the thickness of the fin, m, r, — equevalent and external
collar radius, respectively, m; — length of the tube, m.

By using equations (8—16) the thermal resistanckeoboundary layer of aR.p is determined using the iteration
method.

When heat transfer in cooling mode is analysed thieemal resistance of the boundary layer of Riy) is
determined by using the equation (22):

Rw=KwRp, (22)

The K coefficient, required to assess the thermal @sist of the boundary layer of air is derived from
experimental tests.

Results

After performing the tests, the dependencies ofhibsat transfer coefficient on the varying paransetdrthe heat
exchanger were determined. These dependenciefi@mn $n Figures 3 to 5. Figure 3 shows how the treausfer
coefficient of the boundary layer of air changepeateling on the Reynolds number and the numberbef tows.

70
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—o—N=4, 5=2,4 mm, D=10,13 mm

—8—N=6, 5=2,4 mm, D=10,13 mm
500 1000 1500 2000 2500 3000 3500
Re

Fig. 3. The dependency of the heat transfer caeffiof the boundary layer of air on the Reynoldsbar and the number of
tube rows

Tests determined that as the number of tube rosveases, the heat transfer coefficient decreases.
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Meanwhile, in terms of the dependency of the hemtsfer on the distance between fins, the heasfean
coefficient generally increases as the distancevdmat the fins increases, however, there were excspivhen the
heat transfer coefficient dropped.
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Fig. 4. The dependency of the heat transfer caeffiof the boundary layer of air on the Reynoldsbar and the distance
between fins

When analysing the effect of the diameter of tHeeton the heat exchange it was noticed that incrgdle
diameter of the tube leads to a significant inaeeaisthe heat transfer coefficient when the flomaéns the same.
However, when the dependency on the Reynolds nuislaeralysed, the heat transfer coefficient drops.

—o—N=4, 5=2,4 mm, D=1013mm

30 —+—N=4, 5=2,4 mm, D=13 38 mm

500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Re

Fig. 5. The dependency of the heat transfer caeffiof the boundary layer of air on the Reynoldsbar and the diameter of
tubes

An empiric equation (23) was derived for all analysheat exchangers, based on which the heat transfe
coefficient in the boundary layer depending onRegnolds number can be determined for each heabeger:

1 + 004947N

L1,288 — .
haD — 2577e7 0417N ﬁ D 05087(Re_ 25@ 0,00381% %3547 05731, 9377 i, (23)
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After performing calculations on the basis of equai23), heat coefficient values derived from expental
tests are compared with calculated values. FigoBvs that the majority of values fall into the rargf £10% (marked
with a dashed line). The tolerance margin of onlg dieat exchanger (N=2,42.0 mm, D=10.13 mm) exceeds the
tolerance margin of 10%.
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Fig. 6. The comparison of the experimental andutated heat transfer values

After the dependency of the heat transfer coefficie determined in the heating mode, experimeettk are
performed in the cooling mode in order to deterntioe the condensate that forms on the surfaceadé if the heat
exchanger affects the heat exchange. During thergrpntal test, conditions ensuring that the ergirdace of the
heat exchanger is wet are created. The resulteahtperiment are shown in Fig. 7.
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Fig. 7. The dependence kK on the Reynolds number

After the tests the dependence of Kw on the Reynoltnber was determined:
K,, = 0195Re%**, (24)

The largest deviation of the formula above the date2,49 %, meanwhile the deviation of the he@harger
capacity using this formula in this point 3,70 %.
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Conclusions

1. The heat transfer coefficient in the boundary lagkrir drops as the number of tube rows in thet hea
exchanger increases.

2. The heat transfer coefficient in the boundary layfeair goes up as the distance between fins iseea

3. An empiric equation has been derived that desctie$eat transfer coefficient of the heat exchamggh
the analysed geometry of the plate with the tolegasf £10%.

4. In the cooling mode, the thermal resistance caefficof the boundary layer of air varies in thegarirom
0.75 to 1.1, depending on the Reynolds number.
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