Chemical Bulletin of “Politehnica” University of Ti misoara, ROMANIA
Series of Chemistry and Environmental Engineering

Chem. Bull. " POLITEHNICA" Univ. (Timisoara)

Volume 56(70), 1, 2011

Heat Transfer Intensification with F

luids’ Flowing in Laminar Regime

A. Tamas, M. Vinczand N.A.Ciortan

"Politehnica"University of Timisoara, Faculty ofduastrial Chemistry and Environmental Engineeringa Fictoriei 2,

300006 Timisoara, Romania, e-mail: andra.

tamas@apimo, vinczemartin@hotmail.com

Abstract: In the paper the effect was studied of the presexf helical elements, having the role of turbatepromoters,
on heat transfer intensification in coaxial tubathexchangers, with fluids flowing in laminar re@nirhe quantitative
determination of heat transfer intensification lie presence of turbulence promoters placed inkigl@l¢vice inner tube,

was performed by calculating, from the energy begadata

, the total heat transfer coefficients ambrting the values

obtained to the total coefficient values calculdtethe absence of promoters.
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1. Introduction

mixer utilizes cross-stream mixing and flow spiigi to

achieve very rapid blending. Each element s

As the values of heat transfer coefficient byapproximately one pipe diameter in length and cissof
convection are insufficiently high, the heat transfermultiple intersecting blades, which generate fliaigers as

represents a limiting factor for the performanceheft
exchangers. For this reason, any technical measure
useful, which is functionally and economically jfisd,
which is able to improve the level of such perfone® In

the mixture flows downstream. Each blade features
concave construction offering better cross-strelam than
flat blades for superior mixing per unit length tiough,
high viscosity ratio applications. Sheets of lovsodsity

this context, from among the methods that enhan@dditives are driven along the trough of each bladd

convection, studied and partially implemented iagpice,
the following can be mentioned: increasing fluidoedy,

vibration/pulsation of the fluid or of the heat aanger
surface, the use of electrostatic or electromagrfegids,

injection and absorption of the boundary layer, tise of
additives or turbulence promoters (uniform or diser
artificial roughness, turbulence generators) [1,2].

abruptly sheared by strong cross-stream velocityglignts
as they pass around the upstream surface.

The Kenics Heat Exchanger consists of a continuous
string of static mixer elements within each heathexger
tube. Fluid flow is directed radially toward theppiwalls
and back to the element, regardless of velocity.
Additionally, momentum reversal and flow divisiofs@

Turbulence promoters cause an additional loc&entributes to the mixing efficiency. All processedterial

turbulence which leads to the transfer speed isere@he
heat transfer can be enhanced by modifying theaserf
state (introduction of artificial roughness - chaisn ribs,
granular). These modify the boundary layer flow,ickh
leads to the increase of superficial heat transfed of
friction coefficient as well. Also, promoters argsed for the
fluid movement that create an artificial
throughout its mass. The elements are mountedansjks
and can be plane spirals, turbulence pads, cosicédces,
twisted metalic bands [2,3].

In all Kenics Series Static Mixers, a patented dadli
mixing element directs the flow of material radjaibward
the pipe walls and back to the center. Additionglouity
reversal and flow division
alternating right- and left-hand elements, thusréasing
mixing efficiency. All material is continuously and
completely mixed, eliminating radial gradients
temperature, velocity and material composition. toos
independent studies have shown that Kenics Staitens!
maximize mixing efficiency without the wasted eneend
material blockage typically found in more restneti
motionless mixers. The static mixer is the bestiaghdor
demanding mixing applications, such a those invgvi
fluids with extreme viscosity or volume ratios. Té$tatic
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turbulence

results from combining

is continuously and completely intermixed to eliat®
radial gradients in temperature, velocity and maler
composition. As a result, Kenics Heat Exchangeavige
predictable, controlled mixing, and the most eéfitdi form
of thermal transfer available today [4-7].

2. Experimental

The heat exchanger used is made of copper tubks wit
the following dimensions: the inner pipe diameter
d =22x1mm, the outer pipe diametad = 35x1mm, the
tubes lenght = 0.75m.

On the outer surface of the inner pipe a copper coi
was wrapped (80 turns) to improve the turbulence
intensification of the cold fluid which flows thrgh the

inintertubular space and whose temperatures are neebat

entry and exit of the space, respectively (Fig. 1).

The hot fluid flows through the inner tube, prowde
with thermometers at ends and with helical elemeuitis
the role of turbulence promoters inside.

The helical elements (26 pieces) were made of
aluminum sheet with dimensipr L x § = 20x32x 1.5mm,

13 twisted to left and 13 twisted to right (Fig. 2)
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3. Results and Discussion

The total heat transfer coefficient is determinexirf
the energy balance equation:

Q=Q0+Q,=Q, 1)
Q = My (€ ALy (2)
Q, = My L€ LAy 3)
Q, =K[AIAt, [T (4)

where: Q, - heat delivered by the hot fluidy; Q, - heat
received by the cold fluidW; Q, - the lost heatW ;

Q,- the transmitted hea¥V; m,, , My, - hot and cold

water flow rates, respectivelkg 3™, C, - SPecific heat

Figure 1. The constructive elements of the heataxger

of water, Jkgtk™*; At,,,Aly, - the temperature
differences for hot and cold water, respectivetytha heat
exchanger extremitiesC ; At - the average temperature

difference between the hot fluid and the cold org;

K -the total heat transfer coefficientW 2K ™;

T -time, S. The heat transfer are@ was calculated with
the relationshipA = 7(d__, (L =49500° m?, whered

is the average diameter of the inner pipe.

Tables 1 and 2 list the values of Reynolds criteria

(Re), delivered hea and total heat transfer coefficient
K, calculated from experimental data, for paralled a

The heat exchanger is vertically positioned. H a counter-flow, respectively, at different flow ratés hot
comes from a thermostat, its output temperatuia®s fthe water and _d|fferent temperatures of it, at the endt
thermostat being 60°C and 70°C, respectively. Sooh thermostat _(|n the absence of turbulence p_romotétls)n,
working fluid flow rates were chosen as the flow béhe t.al?les include the Yalues of the pgrﬂal heanster
laminar (Re< 2300). Cold water comes from the watercoefficient for the hot fluid @, ), analytically calculated

supply systemand was adjusted to a constant flow ratein the case of heat transfer in laminar regime ugo
The situations considered in the experimentalertical pipes, when the forced movement directien
determinations have included the parallel and auifdw, reversed to the free convectioGi (Pr>5010°%), Gr
respectively, for: a) inner pipe without helicéments; b)
inner pipe with 26 elements; c) inner pipe with 1
elements.

Figure 2. Helical elements as turbulence promoters

f\nd Pt being Grashof and Prandtl criteria [8, 9].

TABLE 1. Experimental data for parallel flow, without turbulence promoters

t,. c V,, 10°. ME* | Re Q.w K, WIN2K™? | Opy WIn?K™? | At 4.°C
0972 10816 5292 423.0 787.0 253

1.167 13184 5373 402.4 9055 27.0

60 1.389 15954 639.7 466.0 1003.0 27.75
0.972 1205.0 712.3 466.1 782.8 30.9

1.167 1467.0 757.1 475 4 956.8 32.2

70 1.389 1773.3 814.1 506.5 1042.0 325

TABLE 2. Experimental data for counter-flow, without turbulence promoters

t,. c V,, 10, ME* | Re Q.w K, WIN2K™? | Opy WI?K™? | At .°C
0972 1063.0 610.6 532.2 767.0 232

1.167 13074 659.4 544.2 9195 245

60 1.389 1568.6 756.0 613.9 1019.0 24.9
0.972 12437 8955 564.1 8383 32.1

1.167 14905 928.0 590.0 950.0 318

70 1.389 17377 9595 6238 1054.4 311
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Similarly, the delivered heatQ' and total heat

fluid to the cold one, the delivered heat dmgltbtal heat
transfer coefficient increase as the number of moters'

transfer coefficientK  from the experimental data andincreases.
energy balance were determined for the presence6of
turbulence promoters in the flow space of hot waded

Q", K'respectively, for 12 promoters. For the case o

parallel flow, for a thermostat output temperatéoe hot
water of 70°C, the variation of delivered heats aoihl
heat transfer coefficients, respectively, agaihst tumber
of turbulence promoters placed on the hot fluidhpas
shown in Fig. 3 and 4.

Parallel flow, t;.= 70C
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Figure 3. The delivered heat evolution againstibtfluid flow rate and
the presence of turbulence promoters
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Figure 4. The total heat transfer coefficient etioluagainst the hot fluid
flow rate and the presence of turbulence promoters

In Tables 3 and 4 the heat transfer improvement is
guantitatively presented depending on the number of
turbulence promoters, in the case of parallel fland
counter-flow of the two fluids.

It is observed that, in the same operating conaktio
for the counter flow situation, the values of defied heat
and total heat transfer coefficient are higher carag with

It is observed that the presence of turbulencde case of parallel flow.
promoters leads to heat transfer improvement fioerhot

TABLE 3. Heat transfer intensification with turbulence promoters (26 pieces)

e Vv, [10°, m&* Q/Q K/K
1h’ HW ' Parallel flow Counter-flow Parallel flow Countepil/
0.972 1.31 1.46 1.88 1.89
60 1.167 1.36 1.52 1.75 2.00
1.389 1.36 1.50 1.85 1.99
0.972 1.17 1.23 1.58 1.65
70 1.167 1.19 1.34 1.63 1.75
1.389 1.28 1.42 1.77 1.79

TABLE 4. Heat transfer intensification with t

urbulence promoters (12 pieces)

D 3 g Q/Q K'/K
by C Viw O m s Parallel flow Counter-flow Parallel flow Counteptl/

0.972 1.11 1.13 1.57 1.47

60 1.167 1.18 1.18 1.54 1.52
1.389 1.09 1.15 1.46 1.47
0.972 1.06 1.07 1.38 1.49

70 1.167 1.10 1.13 1.41 1.54
1.389 1.11 1.18 1.41 1.54
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In Fig. 5 the combined influence is shown of the In the same conditions of temperature and flow, rate
number of turbulence promoters placed on the hat fl the heat delivered in the case of counter-flowighér that
path and of its flow rate increase upon the hemtstier in parallel flow.
intensification. The heat transfer improvementuanfified The partial heat transfer coefficient for the hioficf
through the increase of the total heat transfefficoent. increases with the fluid flow regime intensificatiand has

higher values in counter flow. The determinatiori thee

_ partial heat transfer coefficient was done onlyhie case of
t1h=70C . ;
the absence of turbulence promoters in the hodl filaw
space (the inner pipe);
80
£ The presence of turbulence promoters leads to an
3 —A improvement of the heat transfer. In similar opieat
= 60 . . .
8% o P ——* conditions (flow rate of the hot fluid and its outp
;-% 40 / temperature from thermostat, respectively) the esbf the
B8 g heat transfer coefficient increase with the inceeas the
g_g 0 number of promoters.
g 10 /
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