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Abstract: In the present work, numerical investigations are
conducted with 22 % cut segmental baffle heat exchanger
(SB), 20°, 30°, and 40° helical baffles shell and tube heat
exchangers (STHX) to estimate the overall heat transfer
coefficient (OHTC), pressure drop (PD) and friction factor.
Among the studied heat exchangers (HE), 40° helical baffles
STHX provided the highest OHTC with minimum pressure
drop. Hence, further investigations are conducted experi-
mentally with 40° helical baffles STHX. OHTC increased by
2.65 % for 20° helical baffles, 5.37 % for 30° helical baffles,
9.78 % for 40° helical baffles when compared with 22 % cut
segmental baffle heat exchanger. The deviation between
experimental and numerical OHTC is 2.64 % 40° helical
baffles.

Keywords: heat exchanger; nanofluids; shell and tube heat
exchanger

1 Introduction

Heat exchangers and heat transfer fluids plays an important
role in industries such as automobiles, power sectors, and
oil industries. In last few years, development in heat
exchangers are achieved in terms of thermal performance
and fluid flow characteristics. The shell and tube heat
exchangers with helical baffles are more preferable than
the segmental baffles shell and tube heat exchangers. Due
to the reduction in vibration, less pressure drop, and
smooth fluid flow in helical baffle shell and tube heat
exchangers.
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Gugulothu et al. (2021) numerically evaluated local
hydrodynamic parameters of a 3D geometry, STHX using
segmental baffles; and noticed that 27.91, 26.10, 24.72, 18.52
and 11.85 % increment in pressure drop. Wang et al. (2016)
experimentally studied the performance of circumferential
overlap trisection HB-HE with different helix angle (12°, 16°,
20°, 24°, and 28°) and compared them with segmental baffle
heat exchangers. The author observed that the shell side HTC
and PD are increases, reduction in comprehensive index
with the increase of mass flow rate. Smaller helical angled
(12°) demonstrated better performance, in terms of 66.4 %
shell side HTC, and 59.6 % comprehensive index were
compared with segmental baffles STHX.

Shinde and Chavan (2018a) experimentally and
numerically studied shell side HT and fluid flow in contin-
uous HB STHX of different helix angles (10°, 19°, 21°, 25°, 30°,
38°, and 50°) were baffles made with Fiber Reinforced Plastic
and noticed that greater helix angles adds to lower HT and
PD, smaller helix angles gives higher heat transfer and
pressure drop. Lei et al. (2008) numerically carried out im-
pacts of various helix angles (15°, 30°, 40°, and 50°) of HB on
HT, and fluid flow characteristics in a HE with helical baffles,
author noticed that the Nu increases with an increase of
baffle inclination angles up to 30° then decreases beyond it.
In their studies higher heat transfers produced by continual
helical baffle were compared to segmental baffle, 45° incli-
nation angles are optimum for helical baffle with STHX.
Wang et al. (2016) experimentally studied the performance
of trisection helical baffle (12°, 16°, 20°, 24°, and 28°) STHX,
they noticed that the shell side HTC, pressure drop both
increases, and comprehensive index (hs/Aps) decreases with
the increase of mass flow rates.

Chen, Dong, and Wu (2013) numerically studied the HT,
and fluid flow performance of different baffle shapes (two
trisection helical baffles of 20°, end-to-end helical baffles of
20°, and mid overlapped helical baffles with 36.2° helix
angle). 20° TCO, and 18.4° CH schemes rank first, and second
in shell side heat transfer coefficient, and comprehensive
indexes (hs/Aps) among the studied geometries. Naqvi et al.
(2018) numerically studied the STHX with SB, and HB with
cylindrical tubes with clamping anti-vibration baffles and
square twisted tubes, they found that the former one
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produced more heat transfer coefficient than the lateral one.
Chen et al. (2008) numerically studied the combined multiple
shell pass with continuous HB of 25°. The author found a 13 %
higher overall heat transfer rate were compared with helical
baffles with segmental baffles. Xiao et al. (2013a) numerically
studied for HB-HE with different Pr of fluids and compared
with different helical baffles tilt angles (10°, 25°, 40°, and 50°).
The author found the 40° helical baffles STHX are optimum
to achieve the best HT performance.

Gugulothu et al. (2016) reviewed pioneers research work
and concluded 40° helical angles is optimum among the
helical baffle (8°, 10°, 12°, 16°, 20°, 24°, 28°, 30°, 40°, and 50°)
STHX and SB-STHX. Gugulothu, Sanke, and Gupta (2019),
numerically studied the fluid flow, HT, and PD characteris-
tics of helically baffle STHX with 40° HB, noticed that HTC is
increasing with the increase of mass flow rate. Zhang et al.
(2013) experimentally studied the performance of STHX with
overlapped HB, and compared them with SB for oil coolers
due to lower operating, maintenance costs, shell side PD, and
fouling resistance. The author noticed that helical baffles
with oil coolers get lower shell side PD and higher HTC per
unit PD were compared with SB oil coolers for same volume
flow rates. Vijaya Kumar Reddy et al. (2017) numerically
studied the helical coil tube HE, and found 0.24 % reduction
in frictional factor, 10 % OHTC increased by addition of semi-
circular baffles in helical tube coiled HE.

Zhang et al. (2009a) experimentally studied different
STHX (20°, 30°, 40°, and 50°) were compared with segmental
baffle STHX, they noticed that the lower HTC and PD for
helical baffles were compared with SB under same shell-
side flow rates. 30° HB better than the 20° HB, 40° helical
baffle is better than the 50° helical baffle and 40° helical
baffles proved the best performance among the studied
HB-STHX. Zhang et al. (2009b) a conducted numerical study
on 3Dimenssional STHX for different helix angles (30°, 40°,
and 50°) using a FLUENT tool and found that the average
HTC per unit PD is larger for 40° HB STHX were compared
with 30° and 50° helical baffles. Taher et al. (2012) numeri-
cally evaluated the non-continuous HB STHX of 40° helix-
changer, and five heat exchangers by varying baffle spaces
(P = 15 mm, P/16, P/8, 3P/16, and P/4) using a FLUENT tool.
The author concluded that the HT per unit area decreases
with the increase of baffle spaces under the same mass flow
rates, higher heat transfer noticed for most extended baffle
spaces under the same pressure drop and noticed that
along with the increase of baffles space, pressure gradient
decreases.

Xiao et al. (2013b) numerically studied for STHX with HB
for different Pr, and compared with different helical tilt
angles (10° to 50°), the author found that the HTC increases
per unit length, and PD increases with an increase of HB tilt
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angles, among the studied heat exchangers 40° HB tilt angle
is optimum. The author concluded that the smaller baffles
tilt angle is optimum for a larger Prandtl number. Shinde
and Chavan (2018b) conducted experimental and numerical
investigations on shell side fluid flow and HT characteristics
of STHX with continuous HB with different helix angles
(10°, 19°, 21°, 25°, 30°, 38° and 50°). Gugulothu and Sanke
(2022a) numerically designed and investigated with 22 % cut
SB STHX based on Tubular Exchanger Manufacturing Asso-
ciation (TEMA) using pure water as well as Al,03, CuO, and
SiO, nanofluids at 1, 3, and 5 % volume concentrations. They
found 10.41, 12.27, and 9.56 % overall enhancement in the
presence of 5% volume concentrations of Al,0;, CuO, and
Si0, nanofluids.

Gugulothu and Sanke (2022b) further numerically
studied 22 % baffle cut, 20°, 30°, 40° helical angle STHX, and
found 40° HB is optimum among the studied HE. They
extended the same work using Al,03, CuO, and SiO, nano-
fluids at different volume concentrations as 1, 3, and 5 %.
They noticed that the HTC increases with the increase of
nanofluids volume concentrations, among the studied
nanofluids 10.33% to 8.24 % heat transfer enhancement
obtained at 5% volume concentrations with Al,O; nano-
fluids. Kaleru, Venkatesh, and Kumar (2022a) carried work
using 22% cut segmental baffle STHX geometry and
compared Colburn factor with Kern’s equation and found
good agreement, for further analysis Al,0; Graphene
Oxide, TiO,, Single Wall Carbon Nanotubes, and MXene
nanofluids in cold fluid. Further, Kaleru, Venkatesh, and
Kumar (2022b) numerically studied with segmental and
helical baffles STHX and found 40° helical baffles STHX is
optimum to investigate further studies on STHX. Kanti et al.
(2020) experimentally studied the fly ash/water nanofluids
at different volume concentrations (0.1% to 0.5%) and
temperatures (30 to 60 °C). They noticed that the viscosity
and the thermal conductivity are increased, and specific
heat decreased with increase of volume concentrations.

Kanti et al. (2022) experimentally investigated the sta-
bility, pH, electrical conductivity and thermophysical prop-
erties at different temperature ranges from 30° to 60 °C, at
different concentrations ranging from 0.05 to 0.5 wt%. They
found that the density, electrical, and thermal conductivity
of nanofluid improved with concentrations in wt%, 4.9 %,
and 27.6 % of thermal conductivity enhanced at 30 °C, and
60 °C respectively. In previous research work, the author
design 22% cut segmental baffle shell and tube heat
exchanger based on TEMA standards, and work is carried
out using numerical methods. The same is carried out in this
research work, and compared with numerical and experi-
mental results of 40° helical baffle shell and tube heat
exchangers by considering and validating with objectives
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are Nusselt number, friction factor, j factor, and overall heat
transfer coefficient.

2 Experimental setup

Figure 1 shows the experimental setup of 40° helical baffles STHX. This
STHX has four tubes each of length 832 mm. Figure 2 shows the line
diagram of the same STHX, Figure 3 shows the cross sectional view of the
40° helical baffles. Hot fluid flows in the shell with cold fluid flowing
through the tubes in counter flow. These fluid properties are calculated
based on equations (8)—(11). In this experimental work, there are total 16
(sixteen) thermocouples (PT-100) among which four are at the shell side
fluid inlet, four thermocouples at shell fluid outlet. Similarly, four
thermocouples are located at cold fluid inlet and the remaining four
thermocouples at the cold fluid outlet. Pressure gauges measure shell
side and tube side pressure drops. In this experiment hot fluid which is
flowing in shell side is considered at 343.15K and cold fluid which
flowing in tube side is taken at 301.15K respectively in counter-flow
direction at a single pass, mass flow rate is taken from literature of
Gugulothu and Sanke (2022b).

3 Boundary condition and grid
independent test

Meshing and grid independent test are done in previous
studies of Gugulothu and Sanke (2022a, 2022b) same work is

Figure 1: 40° helical baffle STHX.
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carried out for the all STHX (22 % cut segmental baffle, 20°,
30° and 40°) used in this research work.

4 Experimental uncertainty

The experimental uncertainties were analyzed by the
methods provided by Kline et al. and Moffat et al. The
experimental uncertainty is calculated as following:

n oR\*
W2=Y(wW,— 1
: z( a) o
where R = f(xq, Xg, X3, Xgy - +... , Xp) and x,, is the independent

variable that influences the outcome of R; Wx, is the
contribution to the uncertainty resulted from x;,.
Thus the HT rate uncertainty W, is given as:

s (v QY QY
W= (wogg,) +(Weag) @
20, \* 30, \*
2 _ o ¢
Wo= (WM‘GMt) i (WAT‘GAT) ®)
0, \' 30, \'
We, = (WATSE)ATS> * <WMSaMS> @

The OHTC uncertainty Wy is equal to

< ’

A - - -
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Figure 2: Line diagram of experimental setup.
we - (wo 2E N, (. 2KY s 5 Fluid properties
K mAaA Tlm Q 0 Q

) 5 Physical properties for pure water based on temperature
Wi, = <WT 6AT1m> + <WT 6AT1m> were calculated as the following equations and compared

Im out, t out,s

0T our,¢ 0T ous with the literature model.
2 2
OAT OAT,
+ <WTin s—h“) + <WTin t—lm> (6)
50T s 0T in, ¢ . . (kg
The Density of water for present workis p| —
m

The shell side HTC uncertainty Wy, is.
, , = 0.002T* - 0.150T + 1003.02 R* = 0.999 ®)

oh oh

2 _ S S

Wi, = (Wh‘a—hI) + (WKﬁ> ™ Specific heat capacity for present work is

In the present test, the uncertainties of the HT rate,
OHTC, and shell side HTC are lower than 0.83 %, 0.11 % and
1.68 % respectively. Which is agreeing with the experimental
uncertainty in literature study of Yimin Xuan and Qiang Li
(Kucuk, Unverdi, and Yilmaz 2019), Bin Gao (Vajjha, Das, and
Kulkarni 2010).

Cp(%;<) =5EUTS — 4E8T5 + 1E-5T* — 0.001T° + 0.128T*

— 4.071T" + 4217.00 R?* = 0.999
9

Thermal conductivity for present work is
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Figure 3: Cross sectional view of 40° helical baffle.

W
k<_> =8EUT* + 5E3T% — 2E5T? + 0.002T

mK (10)

+0.552R* = 0.999

Dynamic viscosity of present work is

p(mPas) = 3EMT% + 2E'T* —4E°T® + SE7'T? —4E7'T
+0.001R? = 0.999
1)

Density difference between present equation and liter-
ature (Zhang et al. 2009a) is 0.44 %, specific heat is 0.61 %,
thermal conductivity is 6.69% and 2.25% deviation in
dynamic viscosity for shell-side fluid as well as 0.01 %, 0.17 %,
2.38 % and 6.39 % in tube fluid.

6 Model validation

Figure 4 shows the tube side Nusselt number obtained from
various methods by varying shell side mass flow rate
ranging from 0.23 to 0.43 kg/s. Nu increases with the increase
of mass flow rate. Initially, experiments are conducted with
pure water, which forms the basis for the comparison of
theoretical results (Base fluid) with Dittus Boelter, Gnielinski
equations, and experimental results. The author found

o]
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s
= 50.00
45.00
40.00
-
35.00 P 4
30.00
0.20 0.25 0.30 0.35 0.40 0.45

Mass Flow Rate (kg /s)
Figure 4: Nusselt number.
1.87 % for the Dittus Boelter equation (33), 11.167 % for the
Gnielinski equation (34), and 10.24 % for experimental re-

sults. Figure 4 shows the good agreements for all the above
models along with experimental results.

7 Data reduction

Overall heat transfer coefficient (Gugulothu and Sanke
2022a)
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Qave
U=_—zae 12)
AOATmean
LMTD (Gugulothu and Sanke 2022a)
Atmax — Dt
ATmean — max min (13)

Atmax
ln< Atrin >

Average heat transfer rate (Gugulothu and Sanke 2022a)

_ Qaen + Qrupe

Qave - 2 (14)

where, Qshen and Quupe are heat transfer at shell and tube side

respectively. A, is heat exchanger area based on outer

diameter of the tube, which is calculated as following:
Area of heat exchanger is (Gugulothu and Sanke 2022a)

AO = Ntﬂ'doL (15)

where, L is the length of the tube, N, is number of tubes, d, is
outer diameter of the tube.
Number of tubes (Gugulothu and Sanke 2022b)

Do\
n=ri(Z)
0

where, d, is tube outer diameter, D, is inner diameter of
shell, K; and n; are the constants, which are determined from
the flow arrangement and number of passes (Table 1).

Shell side friction (Gugulothu, Sanke, and Gupta 2019)

_ AP, B
- ZVZpsL Nl

(16)

fs (17)

where, N, = number of tubes, B is baffle space, V;is velocity of
shell fluid, AP; is the shell side pressure drop, p, is the density
of the fluid.

Shell side Pressure drop (Nitturi et al. 2023)
AP :Pin,s_Pout,s (18)

Tube side pressure drop (Gugulothu and Sanke 2022b)

en(o)?)

d; 2 19

Table 1: Values of constants.

No. of passes Triangular pitch Square and rotated

square pitch

K nq K nq
1 0.319 2.142 0.215 2.207
2 0.249 2.207 0.156 2.291
4 0.175 2.285 0.158 2.263
6 0.0743 2.499 0.0402 2.617
8 0.0365 2.675 0.0331 2.643
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where, f; is the tube side friction factor, V; is the tube fluid
velocity, D; is the inner diameter of the tube, G is a constant,
several values for which have been reported by pioneer’s as
Kern used 4, while Sinnot et al. used 2.5, and 1.5 is taken by
Benoit Allen and Louis Gosselin.

Tube side pressure drop (Nitturi et al. 2023)

Aptzpin,t_Pout,t (20)

The tube side friction factor is calculated based on the
tube side Reynolds number, by using following equations,
which are developed by pioneers based on their research
works are given below from equations (21)-(27).

The friction factor is calculated by Kim et al. (2012)

1

Je= (1.580 In (Re,) — 2.185)°

@D

The friction factor is calculated by Allen and Gosselin
(2008)

0.046
fi= oz

0.2
Re,

(22)

The friction factor is calculated by Said et al. (2014)
and Somanchi et al. (2014)

0.079
fi = pai

23)
Re?AZS

The friction factor is calculated by Yang et al. (2014)

1

~ (158 In(Re,) — 3.28) @4

fi

The friction factor is calculated by Said et al. (2014)

0.1143
fi=0.00128 + =gy

0311
ef

(25)

The heat transfer factor j is determined as follows.
Jj factor for heat transfer (Cao et al. 2020)

T oy

s = (26)

] N Vs ps Cps
The correlations between Colburn factor and Reynolds

number for different heat exchanger geometries are:

For segmental baffles (Zhang et al. 2009a):

J, = 0.705Re, %> @7
For 20° helical baffles (Zhang et al. 2009a):

js = 0.274Re[**® (28)
For 30° helical baffles (Zhang et al. 2009a):

j = 0.363Re " (29)
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For 40° helical baffles Zhang et al. 2009a:

Js = 0.451Re, " (30)
For 50° helical baffles Zhang et al. 2009a:
js = 0.324Re "4 (3D
Kucuk, Unverdi, and Yilmaz et al. (2019)
. 0.652
Js = Re0 82)

t

Dittus-Boelter correlation (Gugulothu et al. 2023; Kanti
et al. 2020; Vajjha, Das, Kulkarni 2010)

Nu, = 0.023ReX*pr?* (33)

Gnielinski correlation Kaleru, Venkadesh, and Kumar
(2022a)

0.5f;Pr; (Re; — 1000)

1+12.7(Pr} - 1)< \/f;>

Nu[:

(34

8 Results and discussions

STHX geometries are designed in CATIA V5 tool and simu-
lation work is carried out using Ansys FLUENT tool to eval-
uate the HTC, and PD.

Figure 5 shows the OHTC of numerical study and
experimental study. This OHTC is calculated by using equa-
tion (12). In Figure 5 Overall heat transfer coefficient
increases with the increase of shell side mass flow rate
ranging from 0.23kg/s to 0.43kg/s. Figure 5 indicates the
discrepancy is 2.65 % for 20°, 5.37 % for 30°, 9.78 % for 40°
helical baffles were compared with 22 % cut SB, and 2.64 %
between 40° helical baffles of numerical values and experi-
mental data. The difference stays in an acceptable range, and

1500.00

1350.00

1200.00

1050.00

{W/m?2k)

500.00

750.00

Overall heat Transfer Coefficient

600.00

0.20 0.25 0.30 0.35

Mass Flow Rate (kg/s)

0.40 0.45
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the variation trends are also consistent, which shows the
reliability of the numerical simulation with experimental
works.

PD is one of the great important in design of STHX,
because pumping power is highly depended on PD. It means
lower PD leads to lower operating costs. Figure 6 shows the
shell side PD calculated numerically and theoretically with
the help of equations (17) and (18). In Figure 6 shell side PD
increases with the increase of mass flow rate ranging from
0.23 kg/s to 0.43 kg/s. Among the studied heat exchanger, 40°
helical baffles proved 40° helical angles are optimum by
showing lesser pressure drop and experimental values are
matched with numerical results. This is happening due to
zig-zag flow pattern in segmental baffle and spiral flow
pattern in helical baffles.

The tube side PD includes PD due to friction as well as
expansion at tube outlet and contraction at tube inlet, as well
as reverse flow. Tube side pressure drop is calculated by
using equations (19), and (20). In these, calculations several
authors gave several values like G = 4 taken by Kern and 2.5

—e—22% Cut 5B
_.2000.00 | --g--30DHB
g C
1 r 40D HB
& 1500.00 [ — ®— S0DHB
@ L
§ —=#— 40D HB Experimental
o r
& 1000.00 [
> r
el L
e
= e
£ s00.00 [ Sy
7] L P Ll _—
e Tl _ — - @
[ S gt
L ===
o0 Lo v v PR P . .
0.20 0.25 0.30 0.35 0.40 0.45

Mass Flow Rate (kg/s)

Figure 6: Shell side pressure drop.

~=-®@=-22% Cut SB Numerical

= ® = 20D HB Numerical
30D HB Numerical

—= - 40D HB Numerical

50D HB Numerical
40D HB Experimental

Figure 5: Overall heat transfer coefficient.
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Figure 7: Pressure drop in tube fluid.

considered by Sinnot et al,, and 1.5 is taken by Benoit Allen
and Louis Gosselin (Allen and Gosselin 2008). Among the
studied pressure drop, Benoit Allen model is showing a
lesser pressure drop than Sinnot is intermediate and highest
for Kern’s model (Figure 7).

Figure 8 depicts the change of pressure drop and friction
coefficient; friction factor decreases with increase of shell
side mass flow rate. Friction factor is calculated with the help
of equations from (21) to (25). From Figure 8, it is clear that SB
STHX have lesser friction factor were compared with HB
STHX.

Figure 9 shows the variation in the Colburn friction
factor with mass flow rate. j factor measures the HTC.
Figure 9 shows the effects of mass flow rate on the § factor
for segmental baffle (22 % cut and literature (Zhang et al.
2009a)) and helical baffles, these values are calculated using
equations from (26) to (32). In the same Figure 9 the non-
dimensional heat transfer coefficient Colburn {friction

0.01000 | -
I =
| . B —
B |
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- I
S :
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000400 b v v v v vy
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Figure 9: j factor.

factor-decreasing trend along with the mass flow rate, heli-
cal baffles have more Colburn friction factor as compared to
the 22 % cut segmental baffles. Figure 9 shows the pumping
power ratio decrease with the increase in mass flow rate. So,
Colburn friction factor is the most suitable operating regime
for shell-side fluid flows.

From the Figure 10, it is clear that the friction factor
decreases slowly from lower to higher Reynolds number.
The variation in tube side friction factor is shown in
Figure 10. The minimum deviation between 40° helical baf-
fles STHX with literature Murugesan, Mayilsamy, and
Suresh (2010) is 3.45 % at higher Re, and maximum is 23.50 %
at lower Re. 1.19 % is minimum deviation at higher Re and

—e—present study
—&—Kim J.E

Kakac & Liu
—e—Said Z
—a—Filonenho eqn

Hassan Halabdollahi

Figure 8: Friction factor.
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Figure 10: Tube side friction factor versus shell side Reynolds number.
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Figure 11: Overall heat transfer coefficient versus shell side Reynolds
number.

20.31% at lower Re when compared with literature Mur-
ugesan et al. (2011). Finally, 40° helical baffle STHX proved
lower tube side friction factor when compared with both the
available literatures (Murugesan et al. 2011; Murugesan,
Mayilsamy, and Suresh 2010). The overall heat transfer co-
efficient increases with Reynolds number ranging from 2000
to 6000. The maximum deviation between 40° helical baffles
STHX and literature (Yang et al. 2019) model is 15.81%. In
Figures 10 and 11, the values are closer to literature values
and showing good agreement. Figure 12 shows the new
developed correlations for experimental values of overall
heat transfer coefficient.
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Figure 12: Overall heat transfer coefficient versus shell side Reynolds
number.

9 Conclusions

In this numerical and experimental study, the author
considered 22 % cut segmental baffle and 20°, 30°, 40° helical
baffles for numerical study and 40° helical baffle STHX for
experimental study, and was compared experimental re-
sults with numerical results. The maximum deviation be-
tween Gnielinski equation and experimental result is 4.10 %.
Among the studied heat exchanger, 40° helical angles STHX
shown better OHTC, Kern equation is giving more pressure
drop, Sinnot one is intermediate, and Benoit Allen is giving
lesser tube side pressure drop among the studied work. The
present research work proved the best in OHTC, less friction
factor, and lower shell side PD. The overall heat transfer
coefficients between 40° helical baffles and literature (Yang
et al. 2019) work is 15.81 %, i.e. 40° helical baffles STHX is
producing lower overall heat transfer coefficient. 40° helical
baffles STHX is producing 20.31 %, and 23.49 % lower friction
factor when compared with literature (Murugesan et al.
2011) and (Murugesan, Mayilsamy, and Suresh 2010)
respectively.

Nomenclature

STHX shell and tube heat exchanger
HTC heat transfer coefficient

PD pressure drop

SB segmental baffle

HB helical baffle

HE heat exchanger

OHTC overall heat transfer coefficient

HT heat transfer
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TCO risection circumferential overlap baffle

CH continuous helical

TEMA tubular exchanger manufacturing association
Nu nusselt number

P helix pitch

Pr prandtl number

AP ressure drop

h HTC

Subscript

s Shell

Tube
in inner
out outer
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