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典型氣冷式熱交換器的熱流現象

熱傳分析
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波浪鰭片
Convex-Louver鰭片
Lanced 鰭片
親水性鰭片

管內兩相流譜
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鰭片側空氣熱傳



熱傳管尺寸之演變

• 近年來,小管徑熱傳管的使用越來越普遍
(Ex. 以小型空調機為例;管徑的變化如下

• Why?

Note: 汽車現在用的扁平管為1 ~ 2 mm

空調機用熱傳管演進圖
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Fundamentals of Heat Transfer

,   

    for electronic cooling
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• U: overall heat transfer coefficient

• hi, ho: inside & outside heat transfer coefficient

• o: surface efficiency (=1-Af/Ao(1-f))

• f: fin efficiency

• A: surface area

• T: effective Temperature Difference

For Heat Transfer Augmentation. One needs to..

(a) Increase A? (Most effective but limited by P)

(b) Increase U? (Effective but also prone to increasing P)

(c) What else can one do? (Manuplating T?)



各式鰭片
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Fin Type

(wavy)

(louver)
(louver)

(slit)
convex 

louver

(plain)

First generation – Continuous Surface

Second generation – Interrupted Surface



Concept of Interrupted surfaces
Boundary layer restart & Mixing

x

Plain fin - continuous fin

x

average

Interrupted surface

average

Performance Performance

Characteristics: Sufficient Heat Transfer Improvement accompanied with 
significant pressure drop. 
Unable to fulfill heat transfer performance at low velocity operation 



• Smooth fin: Plain fin featuring heat transfer improvement by 
increasing heat dissipating surface. Generally, smaller fin 
spacing is used to accommodate more fin surface.

Fin spacing can be lower than 1 mm.

• Interrupted fin geometry which improves convective heat 
transfer coefficient via periodical renewal of boundary layer 
such as slit or louver fin.

Various kinds of improvements

- Implementations

louver fin slit fin



Interrupted surfaces..

• Provide effective heat transfer augmentations 
at medium and high velocity with significant 
pressure drop penalty.

• Nearly ineffective at low velocity but still 
suffer from considerable pressure drop.

– Duct flow effect. 



Low performance at low velocity 
(normally less than 1.0 m/s of Vfr)



Air flow

Air flow

Effects of Periodic Entrance/Exit 

Louver directed vs. fin directed

SCHEMATIC OF DUCT FLOW VS. FIN-DIRECTED
FLOW FOR LOUVER FIN GEOMETRY AT SMALLER AND
LARGER FLOW VELOCITIES. (Yang et al. IJHMT, 2007)



Heat transfer analysis of fin-and-tube heat exchangers with flat and louvered fin 
geometries, Int. J. Refrig., 45, 160-167

Louver angle is suggested to be less than 20, number of louvers is around 5

http://www.sciencedirect.com/science/journal/01407007/45/supp/C


• Combination design



Role of channel shape on performance of plate-fin heat exchangers: Experimental assessment, 
International Journal of Thermal Sciences 79 (2014) 183-193



Enhanced Convex louver Design



Enhanced Wavy Fin
reduced pressure drop design



OVAL Tube  & Flat Tube

• Lowering wake pressure drop
• Air flow normal to the fin surface, a better fin efficiency
• Reduce the ineffective heat transfer area behind tube 



Optimally staggered finned circular and elliptic tubes in 
forced convection, Int. J. of Heat and Mass Transfer 47 (2004) 

1347–1359
• Numerical simulation indicates that the best ellipses eccentricity 

(e), b/a is around 0.5

• b: smaller ellipse semi-axis

• a: larger ellipse semi-axis

• Confirmed with experiments



A numerical study on compact enhanced fin-and-tube heat exchangers with oval and 
circular tube configurations, Int. J. Heat mass transfer, 65 (2013) 686–695



Oval tubes can significantly improve the fin surface temperature 
distribution along the flow direction, making the temperature distribution 
more uniform, thereby improving the fin efficiency. Compared to the wavy 
fins, the fin efficiencies of louvered fins are lower, but a better 
improvement can be obtained for the fin with oval-tube configuration.



The oval-tube fin shows the better heat transfer 

performance and lower pressure loss due to the 

improvement of the flow characteristics in the wake 

region. Compare to the big and small circular tubes 

fins, when the wavy fin was employed, the heat 

transfer coefficient of the oval-tube fin is increased by 

0.3–8% and 9.3–10.1%, the pressure drop loss is 

decreased by 28.5–42.3% and 1.9–24.0%; when the 

louvered fin was used, the heat transfer coefficient of 

the oval-tube fin is increased by 3.2–6.6% and 26.0–

28.4%, the pressure drop loss is decreased by 22.0% to 

31.8% and 1.8% to 3.5%.



Third generation – Fins With Vortex Generator

23

 More Surface Area

 Thermal Boundary Layer Restart

 Instability

 Thermal Wake Management

 Swirl flow

US patent 4817709

λ



Transverse vortex

Longitudinal vortex

Longitudinal vortex outperforms the 

transverse vortex

Type of vortex generators



Typical LVGs

Plough type

Dome-type

delta-winglet 

vortex 

generator

Flow induced

near cores

Delta wing Rectangular wing

Divergent pair of 

vane

vortex generators

Scoop-type
Ramp-type

Wing-type vortex generators

Wedge type, 

single sided

Wedge type, 

double sided

delta-winglet 

vortex 

generator

Wheeler doublet

Kuethe or wave-element types

Wheeler singlet

Benefits of 
vortex 
generator

• Prevent Boundary 
Layer separation

• Improve heat 
transfer 
performance with 
acceptable 
pressure drop



Heat sink with dense vortex generator. The enhancements 
introduce swirl flow, Coanda deflection flow or 
destabilized flow field from vortex generators or 
dimple/protrusion structure. The general arrangement is 
using inline or staggered layout such as semi-circular, 
delta and dimple vortex generator.

Heat sink with loose vortex generator: The enhancements of this 
category are still vortex generators or dimple/protrusion structure 
but with sparse arrangement of vortex generator.

Vortex Generators.. (Applied Thermal Engineering 31, 2011, 1640-1647)

- Effect of cannelure fin configuration on compact aircooling heat sink



General Guideline for LVG

• No need for numerous LVGS

• More effective @ fully developing region

• More effective @ higher speed region –
placing at contraction region down stream 
may be more effective.

• Attack angle is usually around 30-40 degrees. 

• Common flow up is better than common flow 
down



Int. J. of Heat and Mass Transfer, Vol. 45, pp. 1933-1944.

Int. J. of Heat and Mass Transfer, Vol. 45, pp. 3803-3815.



An experimental study of the air-side performance of fin-and-tube heat exchangers 

having plain, louver, and semi-dimple vortex generator configuration, International 

Journal of Heat and Mass Transfer 80 (2015) 281–287



• For N = 1 with a smaller fin pitch of 1.6 mm, the heat transfer coefficient for the 
louver fin geometry is higher than that of semi-dimple VG and plain fin geometry.

• For a larger fin pitch of 2.0 mm, the semi-dimple VG is marginally higher than 
that of louver fin geometry when the frontal velocity is lower than 2 m/s due to 
the increasing effect of swirled motion.

• However, the trend is reversed where the louver fin outperforms that of semi-
dimple VG when the velocity is increased further. The heat transfer coefficient for 
louver fin outperforms that of semi-dimple VG due to appreciable contribution of 
mixing.

• For N = 2 or N = 4, the heat transfer coefficients for louver fin geometry is about 
2–15% higher than those of the semi-dimple VG geometry. The difference is 
increased with the rising velocity and the results prevail for both fin pitches. 
However, the difference is smaller at a larger fin pitch due to comparatively 
effectively swirled motion.

• The effect of the number of tube row on the heat transfer coefficients is 
negligible for louver fin geometry and is also small for the semi-dimple VG 
configuration. For the plain fin geometry, the effect of tube row is also small 
when N > 1. The heat transfer performance for N = 1 is different from N = 2 or N = 
4 due to its inline configuration.



Study on the effect of punched holes on flow structure and 
heat transfer of the plain fin with multi-row delta winglets



Experimental study on heat transfer and pressure drop characteristics

of fin-and-tube surface with four convex-strips around each tube, International 

Journal of Heat and Mass Transfer 116 (2018) 1085–1095



Heat transfer and pressure drop characteristics of the tube bank fin heat exchanger 
with fin punched with flow redistributors and curved triangular vortex generators, 
Heat Mass Transfer (2017) 53:3013–3026

curved triangular vortex generator (CTVG-I) is L = 8.9 mm 
and the other one (CTVG-II) is L = 8.2 mm



The existence of flow 
redistributors can 
decrease f at the cost of 
decreasing Nu for the 
plain fin.

Nu/f1/3 for the fin with 
CTVG-I and flow 
redistributors is 
obviously larger than 
that of the fin with 
CTVGII and flow 
redistributors. The 
maximum value of 
Nu/f1/3 increases by 5.2, 
5.5 and 2.6% for Tp = 
1.7, 2.0 and 2.3 mm, 
respectively.

curved triangular vortex 
generator (CTVG-I) is L = 8.9 
mm and the other one 
(CTVG-II) is L = 8.2 mm



VG Design



Combined Design



Normally interrupted surface provide higher heat transfer 
enhancement but with significant pressure drop



Numerical Simulation of Performance Augmentation in a Plate Fin Heat Exchanger 

Using Winglet Type Vortex Generators,  Int. J. of Mechanical Engineering and 

Mechatronics,1(1):109-120, 2012

Common flow 

up is better than 

common flow 

down



Three-dimensional numerical study on fin-and-oval-tube heat exchanger with 

longitudinal vortex generators, Applied Thermal Engineering 29 (2009) 859–876



• Increase of the angle of attack 

 ( < 30), the strength of the 
longitudinal vortex is 
intensified and the average Nu 
number are increased. 

• For  > 30, the vortex may 
break down when the angle of 

attack  is too large and the 
average Nu number decreases 

with the increasing . 

• An optimum angle of attack 
= 30 at which the average Nu 
number can reach the 
maximum. 

• The friction factor f always 
increases with the increasing 

angle of attack a due to that 
the larger angle of attack leads 
to larger form drag



A numerical study on compact enhanced fin-and-tube heat exchangers with oval 

and circular tube configurations, International Journal of Heat and Mass Transfer 

65 (2013) 686–695



Combination of Elliptic/Circular Design
Air side performance of finned-tube heat exchanger with combination of circular and elliptical tubes, 

Applied Thermal Engineering 119 (2017) 360–372



Numerical study on a slit fin-and-tube heat 
exchanger with longitudinal vortex generators
Int J Heat Mass Transfer, 54 (2011) 1743–1751



Heat sink Nomenclature Side view Dimension  Photos of test sample 
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Performance comparison
Fin spacing = 0.8 mm

0

100

200

10
-1

10
0

0

100

200

( 
P

 -
 

P
p
la

te
 )

 /
 

P
p
la

te
 ×

 1
0
0
 %

10
-1

10
0

X+=(L/D)/(ReDhPr)

Louver

0

100

200

10
-1

10
0

Slit

0

100

200

10
-1

10
0

Semi-circular VG

0

100

200

10
-1

10
0

Delta VG

0

100

200

10
-1

10
0

Dimple VG

0

100

200

10
-1

10
0

Delta VG + Plate

0

100

200

10
-1

10
0

Triangular VG

0

100

200

10
-1

10
0

Triangular attack VG

0

100

200

4 5 6 7 8 9
10

-1 2 3 4 5 6 7 8 9
10

0

Two Groups Dimple VG

-30

-20

-10

0

10

20

30

10
-1

10
0

-30

-20

-10

0

10

20

30

( 
h
 -

 h
 p

la
te
 )

 /
 h

 p
la

te
 ×

 1
0
0
 %

10
-1

10
0

X+=(L/D)/(ReDhPr)

Louver

-30

-20

-10

0

10

20

30

10
-1

10
0

Slit

-30

-20

-10

0

10

20

30

10
-1

10
0

Semi-circular VG

-30

-20

-10

0

10

20

30

10
-1

10
0

Delta VG

-30

-20

-10

0

10

20

30

10
-1

10
0

Dimple VG

-30

-20

-10

0

10

20

30

10
-1

10
0

Delta VG + Plate

-30

-20

-10

0

10

20

30

10
-1

10
0

Triangular VG

-30

-20

-10

0

10

20

30

10
-1

10
0

Triangular attack VG

-30

-20

-10

0

10

20

30

4 5 6 7 8 9
10

-1 2 3 4 5 6 7 8 9
10

0

Two Groups Dimple VG



Vortex Generators
Test results & Some conclusions

 Also not so effective when the fin spacing is small.

 The concept is more effective with less number of 
VGs are employed.

 Less number VG provides much lower pressure drop 
than other arrangements.



Grooved Surface (dimple)



48

• Drag reduction

• Longitudinal Vortices

The original concept of Using dimples & 
Grooved surfaces..



Grooved surface vs. interrupted surface

• Oblique Dimples with cannelure cannelure 
structure  

 

（plate fin）   (oblique dimple gap 4-12fin) 

  

(oblique dimple gap 6-12 fin) （cannelure fin I）  

  

（cannelure fin II）  (oblique dimple gap 4-12 cannelure fin) 

  

 (oblique dimple gap 6-12 cannelure fin I)  (oblique dimple gap 6-12 cannelure fin II) 

  

 



The original idea for 
oblique dimple..

• Concavity + Dimple

• Lengthen the flow path

• No need for significant amount dimples 

– Reduce the number of dimples to decrease the 
pressure drop



Results:
Approximate 20% increase HTC & 
20% reduction in pressure drop
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Performance & IR image
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• Partial bypass design

–Manipulating T
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A novel ‘‘partial bypass’’ concept to augment the performance of air-cooled

heat exchangers, Int. J. Heat Mass transfer, 55 (2012) 5367–5372



(a) Calculated results for Q/Q8 vs. bypass ratio subject to identical pumping power constraint with Vfr = 1, 2, 
and 4 m s1 at the second heat exchanger; (b) Fraction of heat transfer vs. bypass ratio for the first and second 
heat exchanger for Vfr = 1 m s1.

(a) Calculated results for QR vs. bypass ratio and its comparison with experimental measurements; (b) calculated 
results for PR vs. bypass ratio and its comparison with
experimental measurements; (c) fraction of heat transfer vs. bypass ratio for the first and second heat exchanger 
for Vfr = 1 m s1.



Effect of partial bypass on the heat transfer performance of

dehumidifying coils, Int. Comm. in Heat and Mass Transfer 58 (2014) 132–137



Table 1   Schematic and dimensions of the test fin patterns. 

Type Photo Dimension 

 

Area 

reduction 

relative to 

plate (%) 

Plate 

  

- 

Step 

1/3 

  

30.9% 

Step 

1/2 

  

23.2% 

Trap 

1/3 

  

20.6% 

Trap 

1/2 

 
 

11.8% 

 

(a) Pressure drops vs. frontal velocity 

 

(b) Heat transfer conductance vs. frontal velocity 



Thermal resistance vs. pumping 

power for all test samples



Partial bypass design





• Use as no-frost coil 

• The designs are much inferior 
to the base line design 
(uniform one)

Air-side heat transfer and pressure drop characteristics of accelerated flow 
evaporators, Int. J. Refig., Int. J. refrig. 34, (2011) 484-497
Reversed the “partial bypass”  Fails eventually



Special Fin Design



Air Flow deflecting design

h
(W/m2-K)

Δh 
(%)

ΔA 
(%)

Δh*A 
(%)

Pressure drop
(Pa)

ΔP
(%)

Plain fin 42.1 - - - 15 -

45
Degree
V-shape

58.9 39.9 3.7 45.1 16 6.67

60
Degree
V-shape

60.2 43.2 4.4 49.4 18 20.0

75
Degree
V-shape

54.1 28.5 3.7 33.3 18 20.0

A study on heat sink performance using V-shaped cannelure

structure fin. In Proceedings of the ASME 2015 International 

Technical Conference and Exhibition on Packaging and 

Integration of Electronic and Photonic Microsystems, San 

Francisco, 2015; Paper No. InterPACKICNMM2015-48043



An experimental investigation on heat transfer enhancement of sprayed

wire-mesh heat exchangers, Int. J. Heat mass transfer, 112 (2017) 699–708



• Wire mesh could be connected well with tube by spraying Al coating in both 
clamped and tiled types.

• All SPW heat exchangers can enhance the heat transfer coefficient compared with 
plain tubes. The maximum value of heat transfer enhancement is about 25.9% for 
the clamped 20PPI SPW heat exchanger.

• Classic pin-fin model was verified using data of wire temperature distribution for 
tube-wire heat exchanger and the efficiency compared with ideal fin has the 
maximum value of 76.7% for all 



Wire Structure Heat Exchangers—New Designs for Efficient Heat Transfer, Energies, 
Energies 2017, 10, 1341; doi:10.3390/en10091341





• The volume efficiency is in the same range for the 
simulated heat exchangers as it is for the 
reference.

• The energetic efficiency is lower in the case of the 
round tube wire heat exchanger simulation, but 
similar for the flat tube design. 

• However, the key advantage is that the material 
efficiency of the wire heat exchangers is twice 
that of the reference heat exchanger with the 
same material. Thus, a reasonable application for 
wire structure heat exchangers would be 
lightweight design.



A numerical study on the air-side heat transfer of perforated finned-tube 

heat exchangers with large fin pitches, Int. J. Heat Mass Transfer, 100 

(2016) 199–207

• An optimal perforation design is when the fin pitch is 10.0 mm.
• For the perforated FHEX with fin pitch of 10.0 mm, the j factor 

increases by 0.3% at Re = 750 and 8.1% at Re = 2350, respectively, 
with the optimal perforation design.

• The j factor increase for the perforated FHEXs compared with the 
plain FHEX is more obvious when the fin pitch is smaller. When the 
fin pitch varies from 20.0 mm to 7.5 mm, the increase in the j 
factor varies from 2.7% to 9.2% at Re = 2350.

• However, the simulated results show that the total heat transfer 
rate is reduced by 6.5% at Re = 750 when the fin pitch is 7.5 mm 
due to the heat transfer surfaces loss caused by perforations. 



Heat transfer and pressure drop characteristics of peripheral-finned tube heat 

exchangers, Int. J. heat mass transfer, 55 (2012) 2835–2843







Other Concept for Fin Design
: Design by Non-uniformity

1. Place the enhancement at 
low heat transfer region.

2. Check the effective local 
temperature difference. 
Placing enhancements at 
those having lower 
temperature difference are 
generally more effective.

θ 2

θ 1

Wf

Wa

5934363

AIR

AIR

(a)

Previous Design

(b)
4709753

(c) (d)

5697432

(e)

5117902

l



Variable (Asymmetry design) 



The Influence of Strip Location on the Pressure Drop and Heat Transfer 
Performance of a Slotted Fin, Numerical Heat Transfer, Part A, 52: 463–480, 2007 



Defrosting Coil



Effect of a micro-grooved fin surface design on the air-side thermal-
hydraulic performance of a plain fin-and-tube heat exchanger, Int. J. 

Refrig., 36 (2013) 1078-1089







Analytical analysis and experimental verification of interleaved 

parallelogram heat sink, Applied Thermal Engineering 112 (2017) 739–749

• Alternating Fin Design





Porous design.. Usually not so effective, 
requires further modifications..



• Interrupted surfaces are applicable for comparatively large 
spacing and higher operational velocity (say 1.7 mm & Vfr > 2 m/s).

• LVGs are effective with less number and comparatively large fin 
spacing.

• Con-cavity and dimple is quite effective in heat transfer and 
pressure drop reduction, provided the numbers are low.

• Cannelure structure may reduce the boundary layer thickness to 
further reduce pressure drop.

• Combined designs are implemented and are proved to be 
effective.

• Porous design seems to be less effective for fin-and-tube 
applications.

• The partial bypass design is applicable in some limited ranges.
• Manipulating T can be effective at low velocity regime.
• Asymmetry design can be quite useful for locating the 

enhancement at poor heat transfer regime. 

Conclusions
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