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CONVECTION HEAT TRANSFER IN SHELL AND COIL HEAT
EXCHANGER

R. Andrzejczyk ', T. Muszynski *
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Narutowicza 11/12, 80-233 —Poland
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Abstract
In the article, the authors presented the influence of continuous core-baffle geometry at mixed convection heat

transfer in shell and coil heat exchanger. Experiments were carried out for a large power range, i.e. from 100W
to 1200W and mass flow rates ranging from 0.01 kg/s to 0.025 kg/s. During the experiments, the mass flow rate
of cooling water, the temperature of water at the inlet and outlet as well as the wall temperature of the coil (at 6
points over the coil's circumference) and the water temperature in the jacket of the exchanger (at 10 points along
the shell height) were measured. The article confirmed that new form of continuous baffle geometry can
successfully enhance heat transfer, but rather for small values of mass flow rates. It was also noted that the
inlet/outlet configuration-has significant influences on the fluid flow as well as temperature distribution at the
jacket of the heat exchanger. The new experimental Nusselt numbers correlation at the shell side of the heat

exchanger with continuous core-baffles was presented.
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Nomenclature
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L

surface area, m?,

outside diameter of inner cylinder,
m,

inner shell diameter, m,

specific heat, J/kgK

coil diameter, m

Dean number,

coil annulus diameter, m

friction factor

mass flow rate, kg/m?s,

height, m

number of consecutive measurement,
current, A,

dimensionless  pitch ratio (coil

torsion) = p/ndd
coil length, m,

LMTD —logarithmic mean temperature, K

m
n
N
Nu
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Pr
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Q
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Ra
Re
Ri
T
U
\Y

mass fux, kg/s

number of computational regions,
number of baffle coils,

Nusselt number,

distance between consecutive coil
turns, m,

performance factor,

Prandtl number,

total pressuredrop, Pa,

heat flux, W,

heat flux density, W/m?,
radius, m,

Rayleigh number,
Reynolds number,
Richardson number,
Temperature, K,
voltage ,V,

volume, m?,

Greek symbols

heat transfer coefficient, W/m2K,

o

B coefficient of thermal expansion; 1/K
) curvature ratio, -

A thermal conductivity, W/mK,
M dynamic viscosity, Pas,
Subscripts

a ambient,

av  average value,

b baffle,

el  electric,

H _ helis,

i local value,

ininlet,

0 outer,

out outlet,

r reference

S surface,

shw shell side wall,

sh  shell side,

w  water,

Abbreviations

SCHX shell coil heat exchanger,
HCT helically coiled tube,

HX

heat exchanger,


http://mostwiedzy.pl

1. Introduction

One of the main advantages of shell and coil heat exchangers (SCHX) is a highly
efficient use of space. They are also one of the simplest design, to produce and low-cost
equipment [1,2]. Due to that fact, the helical coil heat exchangers are still very common in
chemical, food industries, heating ventilating and air-conditioning and heat pump
applications. Though there are numerous works describing heat transfer at coil side of shell
and coil heat exchanger, not many investigate shell side mixed convection [3]. Meanwhile,
the conventional construction of such equipment under low fluid flow rates of fluid at shell
side have low heat-transfer coefficients and are becoming uneconomical [4]. Such flow
parameters are very common in many industrial applications, especially in hot water
production and solar energy utilization. For this reason, there is still a great need to enhance
heat transfer in coiled pipes [5]. Generally, there are two concepts to enhance the heat
transfer, the active [6] and the passive methods [7]. These techniques are widely used to
reduce heat exchangers‘weight and size or enhance their performance [8]. Prediction of the
heat transfer [9,10] and pressure drop [11,12] is of primary importance for numerous
applications [13,14]. There are plenty of works regarding passive and active techniques for
increasing heat transfer coefficient rather in straight tubes [15]. The most popular passive
techniques are twisted tape inserts, helical wire insert, swirl generators, swirl conical ring and
ribs [16]. It is also worth noting, that so far in most of the literature studies the vortex and
swirl generator promoted heat transfer significantly while reporting large pressure drops. A
good example of new geometry with gives the opportunity to enhancement heat transfer and
provide low-pressure drops was reported in [17,18]. However, heat transfer intensification

techniques are not common in the case of shell coil heat exchangers.
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Acharya et al. [19] investigated the concept of chaotic mixing, as a perspective
technique to increase the performance of coiled tube heat exchangers. They found that it could
enhance heat transfer in the range 7% - 20% in terms of the fully developed Nusselt number
with little change in the pressure drop. Naphon [20] presented experimental results for
helically coiled tube heat exchanger and for helically coiled finned tube heat exchanger. The
effectiveness of finned tube heat exchanger is proved to be greater, 0.95 compared to 0.8
effectiveness for plain coiled tube heat exchanger. Yildiz et al. [21] in their work presented
the possibility to use both passive and active techniques to enhance heat transfer in coiled
tube heat exchangers. They studied the effect of the rotation of helical pipes on the heat
transfer rates and pressure drops for various air-flow rates. They noted that although this
technique increases pressure drop over 500% , it also augments heat transfer about 250%. The
authors in their next study [22] presented heat exchanger (HX) constructed by placing spring
shaped wire with varying pitch into the coil. They observed that the helical spring elements
enhanced heat transfer ~30% but also increase in pressure losses, even as high as 1000%.
Their results indicated that the Nusselt number increased with decreasing wire to pitch
diameter ratio. Thomas et al. [23] experimentally and numerically investigated the
performance of heat transfer in helically coiled tube heat exchanger with wire coil inserts. The
studies were carried out for varying pitches and identical diameter of inserted wires in the
coiled heat exchanger. The effect of the pitch of the coil wire insert on the heat transfer was
studied experimentally for different Reynolds numbers of the fluid inside the coiled tube
ranging from 7000 to 28000. The experiments were performed with three different pitches.
All the coils were having the same cross-sectional areas. Further, the heat transfer in helically

coiled heat exchanger was simulated by varying the coil pitches and at different fluid using
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ANSYS software. The experimental results showed that the use of wire coil inserts leads up to
30% enhancement in heat transfer rate. Panahi and Zamzamian [24] presented the fabrication
method of the helically coiled tube which contains turbulator, along with the effects of
turbulator on thermal and frictional characteristics of the heat exchanger. Experiments were
performed with water and air as working fluids inside the coil. At shell side, the working fluid
was always hot water. Experiments were performed for both empty coiled tube and with
vortex generator under different fluid flow rates. Findings showed that this type of turbulator
can be employed in coiled tubes which increased the overall heat transfer coefficient up to
50% and pressure drop up to 400%.

Next challenge is the fact that most studies on helical tubes have been carried out for
the heat transfer characteristics of the fluid flowing inside the helical tubes. Only a few papers
concentrated on heat transfer at shell side in the helical heat exchanger. Avina [25] in his
study has suggested, that because of lack of correlations for the heat transfer associated with
the forced flow over helical tubes, the Zukauskas correlation can be used for the heat transfer
estimation. However, the author also noted that use of this model can increase uncertainty.
Authors also stated that more inaccuracy may occur because flow over the helical coils will be
of a different nature than flow over tubes in cross flow. Kharat et al.[26] developed a new
correlation for heat transfer coefficient for flow between concentric helical coils. This
correlation was found to yield discrepancies with the increase of the distance between the
concentric coils when compared with the experimental results. The experimental data and
CFD simulations using Fluent were used to develop improved heat transfer coefficient
correlation for the flue gas side of heat exchanger. Optimization was done using numerical

technique and it is found that the new correlation for heat transfer coefficient developed in
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this investigation provides an accurate fit to the experimental results within 3-4% error band.
Mianroudi [3] experimentally studied mixed convection heat transfer in a shell-coil heat
exchanger for various Reynolds numbers, various tube-to-coil diameter ratios, and different
dimensionless coil pitch. The experiments were conducted for both laminar and turbulent
flows in the coil. Effects of coil pitch and tube diameter on shell-side heat transfer coefficient
of the heat exchanger were studied. Different characteristic lengths were used in various
Nusselt number calculations to determine which parameter best fits the data and several
equations were proposed. The results indicate that the equivalent diameter of the shell is the
best characteristic length. Authors presented their own experimental correlation for shell side

Nusselt number, see equation (1).
Nu = 0.0041 - Ra%*533 - Re®? - pr03 (1)

where 120 < Re< 1200, 1.2*10'< Ra < 3.2*10°,

Salem et al. [27] experimentally investigated the characteristics of convective heat transfer in
horizontal shell and coil heat exchangers in addition to friction factor for fully developed flow
through the helically coiled tube (HCT). Five constructions of heat exchangers with different
HCT-curvature ratios (d) and tested at different mass flow rates and inlet temperatures of the
two sides of the heat exchangers. Results showed that the average Nusselt numbers of the two
sides of the heat exchangers and the overall heat transfer coefficients increased by increasing
coil curvature ratio. The average increase in the average Nusselt number is of 160.3-80.6%
for the HCT side and of 224.3-92.6% for the shell side when d increases from 0.0392 to
0.1194 within the investigated ranges of different parameters. Also, for the same flow rate in
both heat exchanger sides, the effect of coil pitch and number of turns with the same coil

torsion and tube length is remarkable on shell average Nusselt number while it is insignificant
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on the HCT-average Nusselt number. In addition, a significant increase of 33.2-7.7% is
obtained in the HCT-Fanning friction factor (fc) when d increases from 0.0392 to 0.1194. The
correlation for the average Nusselt numbers for shell side as a function of the investigated
parameters are obtained, equation (2). Equation (2) is applicable for 179 < Resh <1384, 5:25

<Prsh <7:54, and 0:0392 < d < 0:1194 with maximum deviation of 15%.
Nu — 44275 . ReO.4922 . PT1'5676 . 60'6964 (2)

Mahdi et al. [28] experimentally and numerically investigated heat transfer enhancement in
the shell and coil heat exchanger. Thre helical coil tube heat exchangers with different
curvature ratio (D/d) 12/1, 15/1, 17/1, 20/1 and 24/1 were studied. Four helical coils with
different coil pitch 1.8d, 2d, 3d, and 5d were selected to study the effect of coil pitch on heat
transfer coefficient. From experimental results, the curvature ratio 17/1 gives optimal
geometry. Experimental results show increases in coil pitch lead to increase in heat transfer
coefficient of the shell side-and indicate that convective heat transfer is increased by Reynolds
number as well as Dean Number. The new correlation for shell side Nusselt number was
obtained. The -authors emphasize that empirical correlation has good agreement with
experimental data and numerical results, see equation (3). Equation (3) is applicable for 500 <

De <1500 and 3.5<Pr<5.5.
Nu = 0.31- De®6323 . py0-28 (3)

Salem et al. [27] presented in their work an experimental study of the horizontal shell and coil
heat exchangers. Characteristics of the convective heat transfer in this type of heat exchangers
and the friction factor for fully developed flow through their helically coiled tube (HCT) were

investigated. Here, five heat exchangers of counterflow configurations were constructed with
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different HCT torsions (k) and tested at different mass flow rates and inlet temperatures of
both sides of the heat exchangers. In total, 295 test runs were performed from which the HCT -
side and shell-side heat transfer coefficients were calculated. Results showed that the average
Nusselt numbers of both sides of the heat exchangers and the overall heat transfer coefficient
increase by decreasing coil torsion. From the test runs that were performed for the shell side, a

correlation to estimate Nusselt number was obtained as follows:
Nu=0.17134 - R€0'5009 . PT1'4573 . k—0.5919 (4)

Equation (4) is applicable for 180 < Regy, <1383, 5:36< Pr< 7:52, and 0:0442 <k <0:1348 with
maximum deviation of 12.3%.
Obijectives

Although some information is currently available on the enhancement techniques for
shell coil heat exchanger most of them focused on intensification of coil side heat transfer
coefficient. So there is still plenty room to discuss the enhancement techniques for shell side
in this type of heat exchangers. Following the work reported in [29,30], the primary objective
of the present study is to provide a comprehensive experimental database for new baffle
geometry for steady state conditions. The gathered database will allow to:
(1) Obtain temperature profiles of water on the shell side of the heat exchanger.
(2) Recognize the effect of heat flux on heat transfer coefficients.
(3) Recognize the effect of buoyancy on conjugated heat transfer.
(4) Recognize the effect of new baffle geometry at pressure drops characteristics
(5) Confirm the possibility of intensifying heat exchange in the shell coil heat exchanger

using a special design of baffles.
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(6) Validate ability of selected experimental correlations to predict heat transfer coefficients at

shell side of shell coil heat exchanger

2. Experimental setup

In the experimental studies modified version of the module, was used. The main difference is
the fact that new element has been equipped with series of thermocouples (type J) to measure
of shell water temperature distribution, see Fig.1. Six thermocouples were welded to the
heater surface and also the ten of thermocouples was placed along the flow path line. All

thermocouples were calibrated in the ultra-thermostatic bath.

Fig.1 Experimental testing module: at left construction of the helical coil experimental module; at right
temperature sensor distribution [29]

The biggest advantage of presented assembly is a possibility to change immersion
depth of all of the temperature sensors. The coil was created from an electric heater with

maximum electric power 1400 W. The geometry of this element was the same as in the
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previous study [29] (length 1.4 m and outer diameter 6.4 mm). This element was bent to the

desired shape by use of a lathe. As for the shell geometry itself, the core was fastened in the

center of the bottom manifold, it resulted in reduced space at shell side of HX, thus increasing

local fluid velocity. Also, the new continuous baffle geometry was applied. It is important to

emphasize that in this HX geometry length of baffle gap was limited by core inside the shell.

The new shell coil HX geometry is presented in Fig.2, while its geometrical parameters are

presented in table 1.

Filled with polyurethane foam

l‘\

Fig. 2. Geometrical assumptions of the test module and baffle

Table 1. Geometrical characteristic of testing module

Symbol Value
r m 0.025
p m 0.01
m 0.1
D, m 0.0064
Dy m 0.05
B m 0.032
Hy, m 0.01
10
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J——

Ly m 0.034

The experiments were carried out using improved experimental test section presented in [29].
The main elements of the experimental unit were presented in Fig.3. The infrared camera
(FLIR E6) was used to visualize shell wall temperature distribution. The data from the

infrared camera were also used to estimate of heat loss of the assembly.

8

IR camera

Fig. 3. Test section: 1 — test module, 2 — chiller, 3 — fluid tank, 4 — filter, 5 — gear pump, 6 — Coriolis mass
flowmeter, 7 — ultra thermostatic bath,8 - infrared camera, 9- inverter, 10 - control system , 11 - PC, 12 -
acquisition data system (NCXI National Instruments), 13 - DC supplier, 14 - electric switchboard

The large differences in shell wall temperature occurred during experiments. It was because
of the high range of water mass flow rate as well as electric heat flux. It was one of the
reasons that the infrared photos of shell were made constantly in the course of the research.

To estimate heat loss all photos were scrutinized carefully.

11
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Pressure drop measurement was carried out using the piezoelectric smart differential pressure
transmitter (Siemens Sitrans P). Microprocessor control enables measurement temperature
and hysteresis compensation; it also allows to provide an extended linear temporal stability.
The measuring range of the transmitter is of 5-500 kPa, and the measuring accuracy is

+0.065%FS.

The wall temperature profile was usually close to logarithmic function. Due to that authors
decided to assume that the average temperature difference could be calculated from
logarithmic mean temperature difference (between the wall and ambient temperatures). Heat

transfer coefficient for air side was calculated using eq. (6) for the vertical cylinder [31].

_ (Tin,shw_Ta)_(Tout,shw_Ta)
LMTD = S < (Tmshw_Ta)> (5)
(

Tout,shw_Ta)

[ O
Nugny = }0.825 4 387 Rae ii (6)
[ 1+(0.492/Pr)%r7j
.g-D3
Ra = Gr-Pr =292 . 1 MTD - Pr (7)
v
Nu-da
Asw = uT (8)
Qloss = Qg "M Dgp - H (9)

It turned out that total heat losses were lower than 1 %. The measured uncertainty parameters

are shown in Tab. 2.

Table 2. Uncertainties of selected parameters

Parameter | Operating Uncertainty
range
Do[mm] 6.4 +0.003
m[kg/s] | 0.01-0.03 +0.3%

12
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Tw [C] 19-92 +1

Tw[Cl | 1250 0.5
Tw,sh[OC] 12-50 +1
AP[mbar] | 2-20 +0.065%

Q [W] | 100-1200W | max=£5%

The steady-state experiments were performed for three different heat exchanger
configurations; reference, bottom, and top baffle geometry, as presented in Fig. 4. Plexiglas
was used to create the baffles, to eliminate the fin effect on the heat transfer coefficient due to
its low thermal conductivity. All materials used to fabricate the test heat exchanger module

are gathered in the tab. 3

Table 3. Heat exchanger construction

Parts name Material
Casing Plexiglas (PMMA)
Baffle PMMA

Coil Copper
Core Polyethylene (PE)
Heater Kanthal
13

A\ MOST
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Fig. 4. View of shell side geometry configuration: a) reference.geometry, b) geometry with six baffles at the
bottom of the heat exchanger, ¢) geometry with six baffles at the top of the heat exchanger

3. Calculation methodology
The heat flux value generated in electric heater was calculated from Ohm’s law, as in Eq.

(20). The heat absorbed by cold water can be calculated as in equation (11).

Q =U-I (10)

QW =My cP- h_out _Tin) (11)

To account for heat losses, heat flux based on Eq. (11) was used in further analysis. Because

an electric heater was used, constant heat flux density on heater surface was assumed:

Q.
= 12
q A (12)

14
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The local value of heat transfer coefficient was calculated as a ratio between heat flux and
temperature difference (between the local temperature of coil wall surface and water

temperature in the shell), see eq. (13).

(gpi = 7 (13)

Tshw,i—Tw.i

The Reynolds number was calculated as a function of equivalent shell diameter. Similarly as

in Mianroudi et al. [3] study, following egs. (14-17).

Re = & D¢ (14)
7
Gsz (15)
z-(C-B)
4
De__ Ve (16)
7-(C—-B)-H

Vs=”‘4C2-H—[[”'foz-LJ{”fz-Hﬂ (17)

Based on local HTC and equivalent diameter local Nusselt number was calculated (18). The

average Nusselt number was calculated by integrating local values, as in Eq. (19).

a.. -De
Nu. ==2si =~ 18
ug - (18)

Nuav = *. .fNusi (19)
n

The calculation methodology for pressure drop was based on literature [29,30,32]. For this

reason, it was decided not to repeat this information. To analyze the importance of natural

15
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convection relative to the forced convection also the Richardson number has been taken into

account as one of the pertinent parameters. This parameter was calculated directly to the

equations
Ri =% (20)
‘B-AT-D¢3
Gr = 931}—20 (21)

4. Experimental results and discussion

The present study shows results of steady-state heat transfer experiments, conducted for
shell coil heat exchanger in order to obtain working fluid temperatures and heat fluxes.
During the experiments, ~100 experimental data points were gathered for each configuration.

Resulting in over 300 experimental data on water and wall temperature distributions.

4.1 Hydraulic characteristic

12 ! 10 ® @ @friction factor for HX with 6 baffles at the top B
o 6 Baffles at the bottom of HX A l W Wfiction factor for HX with 6 baffles at the bottom
— @— 6 Baffles at the top of HX Y/ A A Afriction factor for reference
| A Reference / il Faning friction factor |
10 — i
— A g 17 ®
o 5 - — —
2 i e
E e -~ '~ =T -
A, 8§ E—
0.1
] - A A @
6 & =
1 I 1 l 1 I 1 l 1 0.01 _|
T T T T T
120 160 200 240 280 320 100 150 200 250 300 350
Re Re

Fig. 5 Hydraulic characteristic for shell side geometry configurations: at left total pressure drops characteristic, at
right friction factors vs Reynolds numbers

16
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As can be seen in Fig.5 measured total pressure drops are very similar for all configurations
presented earlier in Fig. 4. Only for small Reynolds numbers (Re<280), the differences are
larger. It could be explained by the higher percentage of measurement errors in the obtained
results. It had also a significant influence at friction factors coefficients. However for
reference geometry experimental values of friction factor are in good  fit with results

calculated for smooth pipe (f=16/Re).

4.2 Influence of inlet and configuration on shell temperature distribution

The main aim of the new continuous baffle design was to enhance mixing of the
working fluid at the shell of the heat exchanger and an increase of heat transfer efficiency. As
is well known from the open literature there is a significant impact of inlet geometry on the

flow patterns in the shell of the heat exchanger at natural and mixed convection conditions

[33].

17.9°C

' Water inlet

Fig. 6 Representative infrared photos of the shell wall temperature distribution for reference geometry : at left for
Re=146 and Q=1100 W; at right for Re=365 and Q=1100 W

17
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Water temperature profile Core no Baffles Water temperature profile Core no Baffles
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Fig 7. Water temperature profiles for constant Reynolds number - reference geometry

Similar effects can be seen in the presented study. As can be seen in representative infrared
camera photos of the shell, wall temperature distribution are not uniform in case of reference
geometry, see Fig.6. The presence of cold regime at the inlet of the working fluid is clearly
visible. What is more, the shape of the cold regime is affected by water mass flow rate. The
larger velocity of cold water can block out the hot water flow towards the outlet. This
phenomenon was also confirmed by analyzing the water profile distribution, see Fig.7. In the
case of the lower values of the Reynolds number, the temperature distribution is almost linear.
The temperature rises along the exchanger. In the case of the larger value of the Reynolds
number situation is quite opposite. The temperature rises to about half the height of the heat

exchanger and then it decreases.

18
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Surface temperature profile at Left Core no Baffles
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¥ Ts for Q=1070, Re=365 Ts for Q=1150, Re=365

Fig 8. Wall temperature profiles for left and right side of shell coil - reference geometry

The flow distribution has a direct influence on the temperature profile of coil surface
temperature distribution. It could be observed that the right side of HX the coil surface
temperatures is lower than temperatures of the surface coil at the left side, see Fig.8. It could
be explained by inlet influence which is more visible for larger water velocity in the shell.

The situation is different for next configuration of the heat exchanger. The geometry of the

19
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shell was modified by inserting the continuous baffle. The baffles were fastened at the bottom
of the heat exchanger. The wall temperature distribution is similar at both sides of the heat
exchanger. Nevertheless, the presence of hot water regime close to the center of the heat
exchanger could be observed. This location of the hot area converged with the location of the
end of the baffle. This effect is weaker for the larger velocity of working fluid, see Figs. 9 and
10. Also at coil surface temperature distribution, the influence of the inlet was weaker than in
the case of reference geometry. Still, the profiles of temperature at left and right side were not

uniform.

185G 179

' Water inlet ' Water inlet

Fig 9. Representative infrared photos of the shell wall temperature distribution for HX configuration with baffle
at the bottom : at left for Re=146 and Q=1100 W; at right for Re=365 and Q=1100 W
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Fig 11. Wall temperature profiles for left and right side of shell coil for the HX configuration with baffle at the
bottom

18.2°C

' Water inlet

Fig 12. Representative infrared image of the shell wall temperature distribution for HX configuration with baffle
at the top : at left for Re=146 and Q=1100 W; at right for Re=365 and Q=1100 W
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Fig 13. Water temperature profiles for constant Reynolds number for HX configuration with baffle at the top
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Fig 14. Wall temperature profiles for left and right side of shell coil for HX configuration with baffle at the top

In the last configuration, the baffle was fastened at the top of the heat exchanger. For that
configuration, much more uniformity of wall temperature distribution was observed, see
Fig.12. Neither inlet block effect or extra hot regimes in the middle of the heat exchanger
were visible. The water temperature is rising along the height of the exchanger, but for larger
values of the Reynolds number, the temperature profile is flatter in the middle of the heat
exchanger (Fig. 13). 1t is worth to note that large cold surface temperature decrease close to
the baffle inlet is clearly visible. This could be explained as an effect of vortex caused by the
rapid change of flow direction. The visualization of flow profiles for reference geometry and

geometry with the baffle at the bottom of HX was presented at Fig. 15.
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Fig. 15. Predicted flow distribution at shell side: at the left side reference geometry, at right side geometry with
helical baffles

4.3 Baffle effect on buoyancy

Interpretation of temperature profiles can be confusing. In order to describe main heat
transfer mechanism, Richardson number was used, eq. (20). Typically, the natural convection
is negligible when Ri < 0.1, forced convection is negligible when Ri > 10, and neither is
negligible when 0.1 < Ri < 10 [34].

In all of the presented cases, high Richards numbers prove that natural convection
mechanisms are taking the key part in heat transfer, Figs. 16-18. Only for higher flow rates
corresponding to Reynolds numbers higher than 250, the influence of forced convection is
visible. Baffle located at the bottom causes higher Richards number values in lover flow rates.
This is an evidence of higher thermal stratification. This effect is weaker in case of baffles

located at the top of the heat exchanger.
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Fig. 16. Experimental values of Richardson number in function of Reynolds number for reference heat

exchanger

100 ] z T ;

60

201

(1)00 150 200 250 300 350
Re
©Q=200 Q=400 *+Q=600 ¥ Q=800 P Q=1000 *Q=1200
Fig. 17. Experimental values of Richardson number in function of Reynolds number for heat exchanger with

baffle location at the bottom

100
L] ...................... ...................... ......................

60

Ri

40t

201

0 i i ;
100 150 200 250 300 350
Re

©Q=200 Q=400 Q=600 Q=800 P Q=1000 *Q=1200

26


http://mostwiedzy.pl

Fig. 18. Experimental values of Richardson number in function of Reynolds number for heat
exchanger with baffle location at the top

The analysis shows that, due to the presence of mixed convection, natural convection hasa
significant effect for small values of Reynolds numbers and large values of Richard's number.
Also, the baffles location has a significant influence on HX performance. It turns out that this
form of continuous baffles could enhance heat transfer but rather for big values of the
Richardson number (in the case of buoyancy force domination). It should be also noted that
proper placement of baffles could prevent the occurrence of the dead zones in the heat

exchanger, which in turn could help to avoid overheating and failure of heating elements .

4.4 Heat transfer

As mentioned in the previous section the geometry with continuous baffles at the top of
HX affected the flow causing almost uniform water and coil surface temperature. Neither inlet
block effect or extra hot regimes in the middle of the heat exchanger were visible for that
case. Baffles increase the flow pathway significantly, what can be observed as a higher HTC
for lower fluid flow rates. As can be seen when comparing Figs. 18-21 average Nusselt
numbers for baffled geometry are 10- 25% higher than values for reference heat exchanger,

Fig 18:

For baffle configuration at the bottom of HX, despite the fact that the influence of the inlet
was weaker than in the case of reference geometry, non-uniform temperature profiles (water
and coil surface) were observed. Nusselt number values yield that heat transfer effectiveness
is lower than in previous configurations. The heat transfer enhancement, compared to
reference geometry, is observed only at small values of Reynolds number. In this regime,

average Nusselt numbers are ~ 10% higher than values for a reference type.

27


http://mostwiedzy.pl

A\ MOST

Undoubtedly, this form of continuous baffles could enhance heat transfer for mixed and
natural convection conditions. It should also be noted that the location of baffles is the key
parameter. The best results were obtained for the heat exchanger with baffles placed at the
top. In authors opinion, the performance differences between heat exchanger configurations
could be explained by the difference of local fluid velocity. At the top of the heat exchanger,
the average temperature difference between coil surface and water are much smaller
compared to the bottom. So the mixing effect should be more visible in that regime. However,
baffles should increase mixing of water in both configurations. So theoretically they should
enhance heat transfer in both configurations. However obtained results (for configuration with
baffle location at the bottom) shown that the water was mixing in the spaces between the
baffles but at the end, its track was curved towards the outlet. This shortens water contact with
the heat exchange surface and creates nonuniform wall temperatures profile .The situation

was very different in case of baffles located at the top of HX.
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Fig. 19. The average Nusselt number for constant heat flux in function of Reynolds number for reference
geometry.
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Fig. 20 The average Nusselt number for constant heat flux in Function of Reynolds number for HX configuration
with baffle location at the top.
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Fig. 21 The average Nusselt number for constant heat flux, in function of Reynolds number for HX
configuration with baffle location at the bottom.

4.5 Experimental data validation

Experimental data were compared with selected correlations presented in the
introduction, see Fig. 21. The correlations are developed based on non-dimensional numbers,
with equivalent diameter as a characteristic length. As in proposed research the geometrical
dimensions of the coil and casing do not change, the correlations can’t follow the data trend

accurately. The varying parameter was water flow rate and temperature, for geometries with
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different baffle location. The comparison shows that only the Mahdi [28] correlation gives
predictions that partly predict experimental data within 30% error band. Due to that fact
authors proposed their own experimental correlation, in which experimental HTC depends on
dimensionless Grashoff and Dean numbers. Correlation also includes Prandtl number
accounting for the water properties shift with temperature. Experimental coefficients
describing baffle geometry were based on data best fit. Geometrical HX parameters used in

eq.(21) are presented in Fig. 2 and listed in Tab.1.
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ol ¢ wwi
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= 4 |  Nuth=Nuexp £
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Fig. 22 Comparision experimental Nusselt number: at left with correlation from literature, at right with own
experimental correlation

Aih n
Nu =4.52-1073: (Gr-De-Pr)™- [NA’Z, l (21)

I

where m =0.357 and n=0 for N=0; m=0.357 and n = % for N =6 at bottom; m=0.371and n = # forN=6

at top and A, = Hy*L,,.
As presented in Tab. 3 proposed correlation (eq. 21) achieves absolute deviation less than 6% for all presented

data.
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Table 3. The Relative error between predicted and experimental Nusselt numbers

Data set MAD [%] % of data within +/- 20%
SCHX Core 0,73 93,19

SCHX Baffle Bottom 5,61 96

SCHX Baffle Top 191 98

In order to emphasize the impact of the presented modification of flow geometry in the shell coil HX, the results

of presented research were compared with the literature results in the form of a performance comparative graph.

The performance factor was calculated as below (eq. 22)

Nu

(22)

Nu
PF = 7 01667
)
The results of comparison were shown in fig 23.
1.8 =]
@ @ @ HX configuration with baffles at the top
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Fig. 23 Performance analysis of new continuous core-baffle geometry for selected series of data (Q=400)

compared to the results available in the literature.

The performance analysis confirms the possibility of intensifying heat exchange in the shell

coil heat exchanger by using of new continuous core-baffle geometry. However satisfactory

heat transfer enhancement was obtained rather for low values of Reynolds number (Re<300).

What is more important that this flow regime is generally characterized by small values of
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heat transfers coefficients. In flow regime with domination of forced convection influences at
heat transfer, it is worth to consider other enhancement methods such as by changing the

shape parameters of the coil.

5. Conclusions

The article presents passive heat transfer enhancement method in the form of new
continuous baffles to increase the energy efficiency of the shell coil heat exchanger.
Conducted literature review shows a lot of interest with the enhancement techniques for all
types of heat exchanger constructions. In case of shell coil heat exchangers, most of the
research is focused on intensification of coil side heat transfer coefficient. So there is still
much to do in order to increase the efficiency of this type of heat exchangers. In present study
authors concentrated on the possibility to use a new continuous baffle geometry. Attention
was also focused on dead zones as the effect of inlet/outlet flow parameters and baffle
configurations.

This work shows that, due to the presence of mixed convection, natural convection has
a significant effect for small values of Reynolds numbers and large values of Richard's
number. Also, the baffles location has a significant influence on HX performance. It turns out
that this form of continuous baffles could enhance heat transfer but rather for big values of the
Richardson number (in the case of buoyancy force domination). It should be also noted that
proper placement of baffles could prevent the occurrence of the dead zones in the heat
exchanger, which in turn could help to avoid overheating and failure of heating elements.

Selected literature predictions overestimate heat transfer coefficients at shell side of shell

coil heat exchanger. The comparison shows that only the Mahdi [28] correlation partly
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predicts experimental data within 30% error band. Due to that fact authors proposed their own
experimental correlation, in which experimental HTC depends on dimensionless Grashoff and
Dean numbers. Presented simple experimental correlation gives a satisfactory compliance
with experimental results. 1t should be noted that the correlation can be applied for all of the
presented heat exchanger configurations.

The performance analysis confirms the possibility of heat transfer enhancement in the
shell coil heat exchanger by using of new continuous core-baffle geometry. However this

enhancement method is rather dedicated to mixed convection conditions.
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Fig. Tested heat exchanger configurtions
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Highlights
*The effect of continuous baffle configuration on HX performance was investigated

*The influence of water mass flow and heat flux on the HTC was presented
*Experimental correlation for investigated configurations was developed
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