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Optimization of geometric parameters of heat exchange pipes
pin finning
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Abstract: The work is devoted to optimization of geometric parameters of the pin finning of
heat-exchanging pipes. Pin fins were considered from the point of view of mechanics of a
deformed solid body as overhang beams with a uniformly distributed load. It was found out
under what geometric parameters of the nib (diameter and length); the stresses in it from the
influence of the washer fluid will not exceed the yield strength of the material (aluminum).
Optimal values of the geometric parameters of nibs were obtained for different velocities of the
medium washed by them. As a flow medium, water and air were chosen, and the cross section
of the nibs was round and square. Pin finning turned out to be more than 3 times more compact
than circumferential finning, so its use makes it possible to increase the number of fins per
meter of the heat-exchanging pipe. And it is well-known that this is the main method for
increasing the heat transfer of a convective surface, giving them an indisputable advantage.

One of the promising areas for improving heat exchangers is the use of pin finning of heat-exchange
pipes [2] (Fig. 1). However, the use of this type of finning is constrained by its insufficient state of
knowledge. One of the main issues facing engineers is the choice of geometric parameters of pin
finning. This article is devoted to the answer to this question.

Figure 1. Pin-finned heat exchanger pipe.

2. Materials and methods
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Pin-finned heat exchange pipes can be used in tubular heat exchangers - air cooling units and shell-
and-tube heat exchangers. The flow of the washer fluid can move both parallel and perpendicular to
the axis of the heat exchange pipe. In both cases, fin nibs located at an angle of 90 ° to the flow will
have the maximum impact on them [1]. From the point of view of mechanics, the nib will be an
overhang beam with length | with uniformly distributed load q (Fig. 2). It is known that maximum
bending moment M from this load will be in the section of the rigid closing of the beam [11]. That is,
the maximum stress in the beam will be observed at the base of the nib. This stress should not exceed
the yield point for plastic materials (steel, aluminum, copper); otherwise deformation of the metal will
be observed. It is necessary to find out at what geometric parameters of the nib (diameter and length),
the stresses in it from the influence of the washer fluid will not exceed the yield strength of the
material (aluminum). Let us solve this problem.

Figure 2. The design scheme of the nib as a cantilever beam with a uniformly distributed load and
a bending moment diagram from this load

The maximum stress in the beam is given by formula [11]:
M
g = W’ Pa (1)
where M — maximum bending moment, N/m; W — resistance moment, m°.
The moment of resistance for a round-section beam [11]:

w="E m3 2)

where d — diameter of a section of a circular beam, m.
The moment of resistance for beams of square section [11]:

a3 3
W=—,m 3)
where a — cross-section side of a square beam, m.

Maximum bending moment for the cantilever beam [11]:

2
M=12 (4)

m
where g — uniformly distributed load on the beam, N/m; | — length of beam, m.
Uniformly distributed load on a beam [12]:
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q=S5-P- c,n% %)
where S — cross-sectional area of a beam, m?; P — pressure on the beam, Pa; ¢ - aerodynamic
(hydrodynamic) factor (c=1,2 for round pipes, c=2,1 for square pipes [12]).

The cross-sectional area of a circular beam [11]:
md-l 2

The cross-sectional area of a square beam [11]:
S=a-l,m?. ()
Pressure on the beam [11]:
2
P=2-,Pa (8)
where p — density of the medium flowing around the beam, kg/m?®; v - velocity of the medium
flowing around the beam, m/s.
Substituting (8) and (6) in (5), let us obtain a uniformly distributed load on the beam of circular
section:
q:O,Sn-d-l-p-vz,%. 9)

Substituting (8) and (7) in (5), one obtains a uniformly distributed load on the beam of the square
cross-section:

q=1,05-a-l-p-v2,%. (10)
Substituting (9), (4) and (2) in (1), let us obtain the maximum stress in the beam of circular cross-

section:
233
o= 4'8’;} : , Pa. (1)

Substituting (10), (4) and (3) in (1), one obtains the maximum stress in the beam of the square
cross-section:

273
o= 315pv71 ,Pa. (12)

a2
From equation (11), it is possible to express the velocity of the washing stream and the diameter, at
which there will be maximum stresses in the beam of the circular cross-section:
od* M, , _ 48pvi3
w0 0= ,m. (13)
From equation (12), it is possible to express the velocity of the washer flow and the side, at which
there will be maximum stresses in the beam of the square cross-section:

oa? m, _ 3,15pv?%3
v= 31508 o a= ———,m (14)

Using equations (13) and (14), substituting the yield strength values of the main grades of
aluminum alloys a9, in them (Table 1), let us obtain the optimal values of the geometric parameters of
the nibs for different velocities of their washed medium. For aluminum grades Nel and Ne6 (Table 1),
these values are shown in the graphs of Fig. 3-6. As a flow medium, water and air were chosen, and
the cross section of the nibs was round and square. The optimal geometric parameters of the pin fins of
heat-exchange pipes for different flow rates of heat carriers are recommended to be chosen taking into
account the safety factor, which is usually 10-20%.

One of the methods for improving circumferential-finned heat-exchange pipes is to increase the
length and decrease the thickness of the fins. To date, these values have reached 16 mm and 0.3 mm.
In the air-cooling apparatus, the airspeed reaches 13 m/s [8]. As calculations have shown, the
geometric parameters of the pin finning will be much smaller than of the circumferential finning.
Moreover, transverse fins are made only out of their alloys of the first group (Table 1), since the
material is forced to stretch during the formation of the fin, and the pins can be made from the
strongest aluminum alloy of the sixth group [4] (Table 1). If one sets the height of the pin fins and the
airspeed similar to the pin-finned heat exchangers (height -16 mm, speed -13 m/s), then their thickness
will be 0.09 mm for round nibs and 0.07 mm for square nibs. Reducing the thickness of the nib more
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than 3 times allows one to increase the number of fins per one meter of the heat exchange pipe by the
same amount. And as it is known, this is the main method for increasing the heat transfer of the
convective surface. Thus, the optimal size of the pin fins is much smaller than the optimal size of the
circumferential fins, which gives them an indisputable advantage.

Table 1. Guaranteed level of mechanical properties of Russian and American aluminum alloys

Ne

Alloys

Standard samples

System

Russia
GOST
4784

USA
ASTM
B221

Russia

USA

Heat
treatment

Mechanical properties

Strength
limit o,
MPa

Yield
strength
00,2, MPa

Relative
extension
v, %

Al>99%

A5,

A,
AD,
ADOQ,
AD1

1050,
1060,
1070,
1100

AD1

1060

60

15

25

Al-Mn

MM,
AMn,
D12

3003,
3004,
3005,
3010,
3104

D12

3004

160

60

20

Al-Mg

AMG1,
AMG?2,
AMGS,
AMG4,
AMGS5,
AMG6

5005,
5052,
5154,
5086,
5182,
5654

AMI'4

5083

270

110

14

Al-Mg-
Si

AD31,

AD33,

AD35,
AB

6063,
6262

AD31

6063

T6

205

170

10

Al-Cu-
Mg

D1,
D16,
1161,
1163,
1201

2024,
2117,
2219,
2419

D16

2024

T3511

450

i)

Al-
Zn-

Cu-
Mg

B93,
B95,
B96,
1915,
1935
1955

7050,
7075,
7070,
7108,
7004,
7475

B95

7075

T6511

560

490
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Figure 3. Optimal geometric parameters of round nibs at different speeds of the air being washed. On
the left, there are alloys Nel from Table 1; on the right, there are alloys Ne 6 from Table 1.
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Figure 4. Optimal geometric parameters of square nibs at different speeds of the air being washed. On
the left, there are alloys Nel from Table 1; on the right, there are alloys Ne 6 from Table 1.
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Figure 5. Optimal geometric parameters of round nibs at different speeds of the air being washed. On
the left, there are alloys Nel from Table 1; on the right, there are alloys Ne 6 from Table 1.
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Figure 6. Optimal geometric parameters of square nibs at different speeds of the air being washed. On

the left, there are alloys Nel from Table 1; on the right, there are alloys Ne 6 from Table 1.

3. Conclusion

Optimal values of the geometric parameters of nibs were obtained for different velocities of the
medium washed by them. As a flow medium, water and air were chosen, and the cross section of the
nibs was round and square. Pin finning turned out to be more than 3 times more compact than
circumferential finning, so its use makes it possible to increase the number of fins per meter of heat-
exchanging pipe. And it is well-known that this is the main method for increasing the heat transfer of a
convective surface, giving them an indisputable advantage.
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