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Fundamentals of Heat Transfer

g-umay, Lo 1 L& 1
A mhA kA, RA
oF Q=n,h A AT torelectionic cooling

* U: overall heat transfer coefficient
* h; h,: inside & outside heat transfer coefficient
* mn,:. surface efficiency (=1-Ad/A (1-1¢))
* 15 fin efficiency
* A:surface area
* AT: effective Temperature Difference
For Heat Transfer Augmentation. One needs to..
(a) Increase A? (Most effective but limited by AP)
(b) Increase U? (Effective but also prone to increasing AP)
(c) What else can one do? (Manipulating AT?)
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a3

L BNEHR R (47 L)

Maximum Pressure
Temperature range
Fluids limitation

Size range available
Fouling & cleanability
Plot area available
Design life

Location (maintenance)

Is there a “temperature cross?”. If so, HX approaches
counter flow is more appropriate
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A Quick Overview of Compact Air-Cooled Heat Sinks
Applicable for Electronic Cooling—Recent Progress, Inventions 2017, 2, 5;
doi:10. 3390/|nvent|on52010005

- E 20
' e
/ -yn —7/"—' .
y
/ 8 215
/ = __— with flow
: bypass
T| =
| / 7 1
S / 2 1.0 1 N o
Mo A / $ ] S
s 5 without flow __———___ |
/ ' - W, - / g' J bypass —
' /s L1 4
- = x 05 LB S e e e e | T
w A A A A £ A 10 15 20 25 30
L $ Number of fins
(a) (b)
20 q / /
30 finy 20 fins
w w/0 bypass w/0 bypass
® 15 -1
9 4
E 30 fins
& 4 w/bypass
o
8 10
& 10 fins
@ w/0 bypass
¢ ) 20 fins
@ 9 w/bypass
1 i e g~ 10fins
e T
0 T T T T T

0O 1 2 3 4 5§ 8 7T 8 9 10

Volumetric flow rate - CFM
(1 CFM = 0.0004719 m¥/s)

(c)

Figure 2. Effect of bypass and fin number on the thermal performance of a heat sink [16] with
permission from Electronics Cooling / ITEM Media. (a) Schematic of airflow into a parallel plate
fin heat sink with flow bypass; (b) Effect of number of fins on heat sink thermal resistance with and
without flow bypass; (¢) Heat sink pressure drop curves (with and without flow bypass) and fan curve
with flow operating points. CFM is flow rate in English unit (cubic feet per minute).
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Fundamentals of heat exchanger design, chapter 10

TABLE W6  Continued
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& Classification of enhancement
techniques (active methods)

Mechanical Aids: Examples of the mechanical
aids include rotating tube exchangers and
scrapped surface heat and mass exchangers.

Surface vibration.
Fluid vibration.
Electrostatic fields.
Injection.

Suction.



Passive enhancement
methods..

SECOND EDITION

Principles
of Enhanced
Heat Transfer

Ralph L. Webb
Nae-Hyun Kim

Treated Surfaces: They are heat transfer surfaces that have a
fine-scale alteration to their finish or coating. The alteration
could be continuous or discontinuous, where the roughness is
much smaller than what affects single-phase heat transfer, and
they are used primarily for boiling and condensing duties.

o Rough surfaces: They are generally surface modifications that

promote turbulence in the flow field, primarily in single-phase
flows, and do not increase the heat transfer surface area. Their
geometric features range from random sand-grain roughness
to discrete three-dimensional surface protuberances.
Extended surfaces: They provide effective heat transfer enlarge-
ment. The newer developments have led to modified fin surfaces
that also tend to improve the heat transfer coefficients by
disturbing the flow field in addition to increasing the surface area.
Displaced enhancement devices: These are the insert techni-
ques that are used primarily in confined force convection. These
devices improve the energy transfer indirectly at the heat
exchange surface by displacing the fluid from the heated or
cooled surface of the duct/pipe with bulk fluid to the core flow.
Swirl flow devices: They produce and superimpose swirl flow
or secondary recirculation on the axial flow in a channel. These
devices include helical strip or cored screw type tube inserts,
twisted tapes. They can be used for single phase or two-phase
flows heat exchanger.

Coiled tubes: These techniques are suitable for relatively more
compact heat exchangers. Coiled tubes produce secondary
flows and vortices which promote higher heat transfer coeffi-
cient in single phase flow as well as in most boiling regions.
Surface tension devices: These consist of wicking or grooved
surfaces, which directly improve the boiling and condensing
surface. These devices are most used for heat exchanger
occurring phase transformation.

Additives for liquids: These include the addition of solid
particles, soluble trace additives and gas bubbles into single
phase flows and trace additives which usually depress the
surface tension of the liquid for boiling systems.

Additives for gases: These include liquid droplets or solid
particles, which are introduced in single-phase gas flows either
as dilute phase (gas—solid suspensions) or as dense phase
(fluidized beds).
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Fig. 17. Photo of the novel enhanced heat transfer tube [24].

eview of heat transfer enhancement methods: Focus on passive methods
ing swirl flow devices, Renewable and Sustainable Energy Reviews 49 (2015
444-469
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Fig 19. Structure of the DDIR tube [26].

Tube with corrugated rib roughness

Copper sheet

(I e d AT el Nl AT o A )

Fig. 18. Typical geometry of circular tube with discrete corrugated ribs [25].

Helical rib
P /

Fig. 16. Photograph of the tube with helical rib used in the present study [23].

Fig. 15. Helical and transverse corrugated tubes tested [20].
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Fig. 21. Arrangement of V-discrete (a) square and (b) thin ribs on lower wall [28].
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Fig. 40. The arrangement of CR/PCR in a round tube [60].

Fig. 30. Details of (a) double twisted tapes and (b) helical-ribbed tube with double
twisted tape insert [40].
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Fig. 48. Nusselt number vs. Reynolds number. Experimental correlations for the wire coil, the corrugated tube and the din

Full length twisted tape increases the pressure drop comparing to an empty tube. Most of
the researches need to reduce the extra pressure drop by using short length twisted
tape.Twisted tape in turbulent flow insert is not very effective.
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Heat transfer augmentation in a circular tube with perforated double
counter twisted tape inserts*
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Fig. 2. 2(a) Geometry of test section fitted with perforated double counter twisted tape insert; 2(b) Geometric parameters of the perforated double counter twisted tape insert.



Table 2
Configuration sketches of the stationary twisted tapes.

Configuration Name

Name

Reference

"/

m Typical twisted tape
y ' ]

Jagged twisted ape
N
m Twisted ape consisting wire nails
B
\ / \‘
7

7 Center-deared twisted tape

V-cut twisted tape

Twisted-tape with alternate axes

Serrated twisted tape

| and alternate-axes

Peripherally-cut twisted tape with an
alternate axis

Square-cut twisted tape

B  Helical screw tape

Twisted tape consisting of centre wings 70

Twisted-tape with V-winglets

Left-right twisted tape

[47] l I L Right and left helical screw-tape
[47] Helically twisted tape
5 ‘/‘\
50
\
¢

= Perforated helical twisted-tape
Twisted tape with geometrical

progression ratio

Double twisted tape

Twisted tape with circular-rings

tral holes

7] - po 5
Y b S G
i =¢f (A7 W
4
= . 2
[74-76] { I E I ; Elliptic-cut twisted tape
78-80 R {
| D
)

Regularly-spaced twisted tape

Staggered twisted tape with cen-

[43]

[46]

48]

[71]

A comparative review of self-rotating and stationary twisted tape inserts in heat
exchanger, Renewable and Sustainable Energy Reviews, 53(2016)433-449

Twisted tape with different
geometries can offer
different performances
and mechanisms of heat
transfer enhancement.
With the purpose of
creating stronger
turbulence intensity in the
vicinity of tube wall or
reducing the pressure dror
to a required level, slots,
holes, cuts, gaps, etc. are
manufactured based on
the structure of typical
twisted tape.



Twisted tape (types)

(Usually for single phase applications)

Typical twisted tape

Varying length, alternate-axes and pitches twisted
tape

Multiple twisted tapes
Twisted tape with rod and varying spacer
Twisted tape with attached fins and baffles

Twisted tapes with slots, holes, cuts (create more
turbulence)

Helical left—-right twisted tape with screw
Tapes with different surface modifications




A comprehensive review on passive heat transfer enhancements in pipe
exchangers, Renewable and Sustainable Energy Reviews 19 (2013) 64-81

Table 3
Configuration sketches of various wire coils various.

Configuration Name Reference Configuration Name Reference

Twisted tape and wire [42]
coil

\ \ W Coiled square wires [40]

Triangle cross [44]
sectioned coiled wire

Non-uniform wire coil combined [43]
with twisted tape

3 Coiled wire turbulators [39] Wire coil in pipe [46]

Wire coils is especially for air side (in tube)
augmentation



Overall enhancement Ratio

Heat transfer augmentation using twisted tape inserts: A review, Renewable and
Sustainable Energy Reviews 63 (2016) 193-225
typical 1-phase enhancement is less than 2

16 - # Regularly-Spaced Twisted Tapes [96]
B Double-Sided Delta-Wing Tape Insert with Altemate-Axes (Forward
wing Arrangement) [91]
1.4 1 A Horizontal Wing-Cut Twisted Tapes [75]
% Twin counter twisted tapes [64]
1.2 1
* oblique delta-winglet twisted tapes [60]
1 - @ Combined Non-Uniform Wire Coil and Twisted Tape (For
decreasing/increasing coil pitch ratio arangement and twisted
tape) [59]
+ Altemate Clockwise [57]
0.8 and Counter-Clockwise Twisted-Tape
= V-Cut Twisted Tape [45]
Dual twisted tapes elements in tandem [42]
0.6 A
# Peripherally-Cut
Twisted tape with an Alternate Axis [41]
0.4 1 B Twisted Tape Consisting of Wire-Nails [40]
The overall enhancement ratio is obtained using the following
relation: Square-Cut Twisted Tape [39]
0.2 NU/NUp
(f/f ) 173 Twisted Tape and Wire Coil Turbulators [31]
P
0 Combination of Conical Ring and Twisted Tape [25]
0 5000 10000 15000 20000 25000 _ .

Re

Fig. 34. Overall enhancement ratio vs. Reynolds number for different twisted tape geometries.



Fig. 4. (2) Full length helical tape with a centred rod, (b) full length helical tape
without centred rod, () regularly spaced helical tapes without rod [17].
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Helical serew having twist ratio 1.95 with 1080 mm spacer lemgth [27]

b
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Helical serew having twist ratio 1.95 with 200 mm spacer lemgth [27]

c
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Helical serew having twist ratio 1.95 with 300 mm spacer lemgth [27]

gy f—y iy

Helical serew having twist ratio 1.95 with 400 mm spacer lemgth [27]

Fig. 9. (a) Helical soew having twist ratio 1.95 with 100 mm spacer lengih [27].
(b} helical screw having twist ratio 1.95 with 200 mm spacer length [27]. (c) helical
screw having twist ratio 1.95 with 300 mm spacer length [27]. (d) helical screw
having twist ratio 195 with 400 mm spacer length [27].
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Helical serew elements with increasing twist ratio [19]
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Helical screw elements with decreasing twist rato [19]

Fig. 5. (a) Helical screw elements with increasing twist rato [19] (b) helical screw
elements with deceasing twist ratio [19]
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Fig. 6. Conical ring turbulator and twisted tape [23].

Fig 10. Tube having twisted tape inserts and wire coil [28].



Fig. 31. (a) Backward wing arrangement (b) Forward wing arrangement (Eiamsa-
ard and Promvonge [87]).

Dl-coil

Fig. 15. Twisted tape having wire nails studied by Murugesan et al. [36].
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PT-A: Penpherally<ut twisted "
tapes with alternate axis

PT:  Peripherally-cut twisted
tapes

TT: Typical twisted tapes

y: Twist kength

Ww: Width of twisted tape

& Thickness of twisted tape

Fig. 25. Single twisted tape (single swirl flow), twin co-twisted tape (co swirl flow)
and twin counter twisted tapes (counter-swirl flow) [59].

Fig. 18 Perforated twisted tapes with parallel wings [40].

Fig. 22. rectangular cut twisted tape tested [48].
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Configuration sketches of the self-rotating twisted tapes.

Configuration [Mustratomn MName Reference
1 - Tube bearing, 2 - spindle, 3 - mbe, 4 - twisted tape Typical twisted tape [14-21]
1 - Tube bearing, 2 - spindle, 3 - mbe, 4 - twisted tape with Obligue eeth twisted tape [22]
oblique teeth
1 - Tube bearing, 2 — straight strip with elliptical teeth and broken  Straight strip with elliptcal [23]
edge, 3 - spiral line, 4 - elliptical teeth, 5 - straight strip teeth and broken edge
- Miniarure hydravlic nurbine [24-24]
- Triangular groove twisted ape  [29,30]
- Semidrcle groove twisted @pe  [31]

- Regularly spaced twisted tape [32]
- Helically twisted tape [33]




Stationary vs. self rotating

twisted tape
* The stationary twisted tapes can generate the swirl flow

in the fluid flow, which can enhance the flow turbulence
intensity, and lead to better convection heat transfer
compared to the plain tube with an axial flow.

* The self-rotating twisted tapes can strengthen the heat
transfer efficiency and achieve on-line automatic anti-
scaling and descaling effect.

* The self-rotating twisted tapes change the direction of
fluid flow, form a rotational flow, get the bulk flow and
fluid at the tube surface mixed and disrupt the
development of boundary layer. Compared with the
stationary twisted tapes, the self-rotating twisted tapes
have the dual effects (swirled and mixing).






