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[bookmark: _Toc99910506]Introduction

This report discusses passive ways for improving heat transmission between the primary surface (heat sink) and the surrounding fluid that are commonly utilised in many industrial applications. Investigation on the applications of fins in automotive design has been discussed, showing that some traditional methods have been adjusted to accommodate the industry evolution into a greater reliability on electronics. 

Further research was conducted on how extended surfaces are implemented in micro-processors. With the rise in demand for high-performance electronic equipment bringing with it a slew of thermal issues. Where traditional cooling methods are now having to evolve into being able to run with the same amount of computational power while reducing electricity costs.

Recent advances in extended surface design are also discussed, with the search for a more highly efficient, miniaturised, lightweight heat sink or fin with lower thermal resistance proving to be the ambition of many industries.

Analytical approaches were then utilised to show that a fin parameter should not be any greater than 2.65. Four materials were then assessed based on their thermal distribution and rates of heat transfer. These results were then compared to optimum lengths and a more accurate approach to determining thermal distribution.











[bookmark: _Hlk99483368][bookmark: _Toc99910507]Research

Active and passive heat transfer methods are the two types of techniques used to improve heat transfer rates. Active techniques are complicated to design since they require some unnecessary power input for essential flow modifications and to optimise the heat transfer rate, limiting their applicability (Ambarish Maji, 2020). Extended surfaces or fins are examples of passive ways for improving heat transmission between the primary surface (heat sink) and the surrounding fluid that are commonly utilised in many industrial applications. The fin industry is currently focused on lowering the cost and size of fins (Ambarish Maji, 2020).


[bookmark: _Toc99910508]Application of fins in automotive design from an historical perspective and how these have changed over the decades.

The current economic infrastructure has become increasingly reliant on internal combustion engines. Though there are alternative energy sources, such as compressed natural gas (CNG), liquid petroleum gas (LPG), and electric cars, they are all around us. To create mechanical torque and power, all these vehicles transform their respective chemical or electrical energy into mechanical energy (Gourav Sharma, 2017).  In a typical internal combustion engine (ICE), only about a third of the fuel energy is transferred to meaningful shaft work. This is due to the engine's inherent features, which necessitate that exhaust gas with high work-producing capacity be vented to the environment during the gas exchange process. Fuel enthalpy is lost to the environment in the form of exhaust and coolant enthalpy (Richard Stobart, 2017).

Traditionally fins were used as extended surfaces to dissipate the heat energy generated by them. Heat is transferred to the fins by conduction, convection, and radiation (Giridhar Manoj.M, 2018). The rate of heat transfer is directly proportional to the surface area exposed to the ambient and the temperature difference between the surface and the ambient, according to Fourier law. As a result, fins provided an effective increase in surface area, allowing heat to be dissipated without the use of coolant or pumps (Giridhar Manoj.M, 2018).

Many vehicles manufacture used air cooling, with Porsche and Volkswagen being the most well-known, having successfully used basic air flow to cool their flat-four or flat-six engines for decades. However, as the demand for more electricity grew, the dependability and performance of these basic cooling systems began to dwindle (Fernie, 2016).
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Figure 1 – (ICE) Air cooling (Fernie, 2016)

Water-based cooling became more commonplace as a result. Where instead of using fins to keep the engine cool, water-cooled engines have solid engine blocks and heads with internal channels running throughout the engine block and over the cylinders in the cylinder head. A water pump attached to these tubes on the engine will be used by the engine (Safford, 2015). Water based cooling has been used for over a century to transport unwanted heat away from your engine by exploiting the temperature difference between hot water and the cold incoming air (Fernie, 2016).
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Figure 2 -Air cooled vs Liquid cooled (TechTrixInfo, 2018)

Engines intended for air cooling differ from those designed for water cooling, with the most noticeable distinction being the use of fins on the outside of the cylinder heads and cylinders. Only tiny capacity engines are trusted to manage with such a simple kind of cooling these days, as evidenced by the fact that this format of engine is only truly common on motorbikes and quadbikes (Fernie, 2016).

Some engines may employ a hybrid design that combines a water-cooling system with some of the characteristics of an air-cooled engine to keep the engine cool while reducing the weight of a full-size water-cooling system. Smaller radiators or thin lightweight radiators, as well as engine designs with air cooled zones to distribute heat, may be used in these systems (Safford, 2015). However, due to a power struggle and the intrinsic need for reliability in the automotive industry, air-cooling must now be consigned to the past (Fernie, 2016).


[bookmark: _Toc99910509]How extended surfaces have been incorporated into the design and operation of micro-processors

[bookmark: _Hlk99902683]The rise in demand for high-performance electronic equipment brings with it a slew of thermal issues. The necessity to manage excessive heat generation has grown as the thermal problems for current and next-generation electronics systems have grown (George Oguntala, 2018). Moore's law asserts that every 18 months, the number of transistors per unit area on an integrated circuit (IC) double. Thus, as transistors get smaller, issues develop as they get closer to atomic boundaries. Heat has become a growing and larger worry because of the increasing demands for improved computational density (Cheung, 2020).

While some of the total power consumption is used for electrical work, the remainder is converted to heat. The thermal design power is commonly specified by chip manufacturers as the maximum designed heat that a chip produces under any workload (TDP). Because they need to know how much heat their cooling systems must dissipate, hardware designers need to know the TDP of the chips they'll be dealing with (Cheung, 2020). Microprocessor cooler manufacturers have been working to make coolers smaller, even aiming to embed cooling systems onto the microprocessor chips themselves, to enhance computing density beyond Moore's law. (Cheung, 2020). Heat will not be able to reach the far ends of a heat sink if it is too large, as it will escape the heat sink before reaching the far ends. In other words, the amount of heat a heat sink can evacuate is limited. 

[bookmark: _Toc99910510]Traditional Methods of Cooling

Early microprocessors were passively cooled, such as Intel's first central processing unit (CPU). All Intel Pentium P5-series processors (released in 1993) came with active fan-cooled heat sinks a generation later. Almost all CPUs sold in or after 1993 were unable to cool themselves as well as the Intel 4004 did without a heat sink. After 1993, all CPUs needed to be cooled in some way (Cheung, 2020).
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Figure 3 – (CPU) Heat sink (Cheung, 2020)

Simple finned heat sinks were used in the beginning. Constructed from aluminium or copper if extra cooling performance was needed. When passive heat sinks weren't adequate to keep the processor cold, fans were used to boost airflow. Ducting is also used to close airflow channels, allowing more air to reach the heat sinks. Ducting is particularly common in servers and data centres, where hardware operators are concerned with efficiently utilising all their energy (Cheung, 2020).

[bookmark: _Toc99910511]Emerging Cooling Technologies

[bookmark: _Hlk99902910]Microfluidic cooling - a type of liquid cooling that is more efficient. A heat exchanger sits on top of the IC in liquid cooling. The heat is transferred from the IC to the liquid via this heat exchanger. The liquid flows straight through the IC using microfluidic cooling, eliminating the need for an interface. As a result, the liquid in the loop can extract heat from the microprocessor more quickly. Microfluidic cooling also takes advantage of the larger surface area available to directly extract heat from the integrated circuit (Cheung, 2020). In another manner, data centres using IC cooling systems might either lower energy costs while maintaining the same amount of computational power, or they could maintain the same amount of computational power while reducing electricity costs.
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Figure 4 - Comparison between traditional air cooling, liquid cooling, and ICECool systems 


Artificial surface roughness has also been investigated for transfer enhancement across extended surfaces the findings of this work are timely for the fabrication and downsizing of heat sinks for electronic/computer systems (George Oguntala, 2018)(Figure 5,6).
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Figure 5 - Effects of thermal conductivity on fin ratio when M = 0.5 (George Oguntala, 2018)
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Figure 6 - Effects of thermal conductivity on fin ratio when M = 1.0 (George Oguntala, 2018)


The findings reveal that the micro-geometric fin's ratio and surface roughness improve its thermal performance. When rough and smooth fins are subjected to the same operational situation with the same geometrical, physical, thermal, and material qualities, the fin efficiency ratio is always greater than unity, according to the study (George Oguntala, 2018).



[bookmark: _Toc99910512]Recent advances in extended surfaces design & perceived advantages


Despite the great track record of extended surface thermal performance in both electrical and thermal systems, the search for a more highly efficient, miniaturised, lightweight heat sink or fin with lower thermal resistance continues (George Oguntala, 2018). Fins that are optimised have taken a lot of work. By altering the size and shape of the solid fin: Instead of a longitudinal rectangular solid fin, the performance characteristics and heat transfer rate can be altered by altering the geometry of the fin design. Solid fins can be carved into a variety of shapes (Ambarish Maji, 2020).



[bookmark: _Toc99910513]Pin fin

[bookmark: _Hlk99909047]Pin fins reduce the incoming airflow resistance, and an omnidirectional construction is used to boost air intake into the array of pin fins (Ambarish Maji, 2020). (Ambarish Maji, 2020) Refers to an experimental study on the heat transfer performance and pressure drop of traditionally and additively manufactured pin fin arrays. They state that when rough and smooth fin surfaces were examined, it was discovered that the rough surface has a greater impact on friction and heat transfer than smooth pin fin arrays (Ambarish Maji, 2020). This is the same as (George Oguntala, 2018) outlined in their research.
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Figure 7 – pin fin arrays (Ambarish Maji, 2020)



[bookmark: _Toc99910514]Plate Fin:

In the research of Plate fins (Figure 8, E) it has been shown that the heat transmission of corrugated micro heat sinks with plate pin fins (Figure 8, F) is superior to that of regular plate fins (Figure 8, A). Furthermore, (Ambarish Maji, 2020) states that for the same heat dissipation, the pressure drops around the plate pin fins are lower in the corrugated smaller heat sinks.
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Figure 8 – Plate Fins (Ambarish Maji, 2020)

[bookmark: _Toc99910515]Perforated fin

Perforated fins have long been seen to be a valuable strategy for optimising fin structure. Correlating the perforations in the fin to the solid component of the fin motivates the addition of perforations (Ambarish Maji, 2020). Natural convection heat transfer enhancement from a perforated rectangular fin array at varied inclinations have been explored experimentally (Figure 9). The results showed that perforated fins with a diameter of 12 mm and a 45° orientation angle improved the heat transfer coefficient (Ambarish Maji, 2020).
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Figure 9 – Perforated fin (Ambarish Maji, 2020)
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Both equations for  and  have been considered to show that the fin parameter mL should not be greater than 2.65:




If:

Then:









Figure 10 – Ratio of Heat Transfer against ml

(Figure 10) shows that at a parameter (mL) reaches 2.65 it is equal to that of the ratio of heat transfer thus conferring that the fin parameter should be no greater than 2.65.
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Data has been analysed from (Table 1) based upon the Material properties outlined in (Table 2)

Table 1 – Data of rods
	Data

	Diameter (d)
	0.00476
	Perimeter (P)
	0.0150

	Temperature base (Tb)
	120
	Cross sectional Area (Ac)
	1.77952E-05

	Ambient Temperature (T infinite)
	20
	
	 




Table 2 – Material Properties
	Material
	(h)
	(k)

	
	W/m^2 K
	W/mK

	2024 Aluminium alloy:
	30
	186

	Brass (70 Cu/30 Zn):
	30
	99

	Copper:
	15
	398

	304 Stainless Steel:
	7.5
	16




[bookmark: _Toc99910518]Temperature Distribution of 400mm rods

To determine the temperature distribution of each of the four rods the value of m has been calculated for each, where:



Obtained vales are shown in (Table 3)




Table 3 – m value for each rod
	Material
	(m)

	
	m^-1

	2024 Aluminium alloy:
	11.642

	Brass (70 Cu/30 Zn):
	15.958

	Copper:
	5.628

	304 Stainless Steel:
	19.847



The temperature distribution equation was then used to plot the distribution of each material against lengths of  to   being applied at every increment of   (Figure 11).




[image: ]
Figure 11 – Temperature Distribution of four rods


[bookmark: _Toc99910519]Corresponding values of heat loss for the four rods

Using the equation for :


Values for heat loss of the rods were calculated in (Table 4) where:
[bookmark: _Hlk99478373]


Table 4 – Heat loss of each rod
	Material
	(m)
	Heat Loss

	
	m^-1
	W

	2024 Aluminium alloy:
	11.642
	3.853

	Brass (70 Cu/30 Zn):
	15.958
	2.811

	Copper:
	5.628
	3.898

	304 Stainless Steel:
	19.847
	0.565




[bookmark: _Toc99910520]Calculation of optimum length fin to provide an estimate of the heat loss. 
 
Based on the assumption that fin parameter should not be greater 2.65 (3) the optimum length has been calculated by:



The optimum heat transfer was then calculated based upon the new lengths (Figure 5)




Table 5 – Optimum Fin length and Heat Transfer
	Material
	0ptimum Fin length
	Optimum Heat transfer

	
	m
	W

	2024 Aluminium alloy:
	0.228
	3.815

	Brass (70 Cu/30 Zn):
	0.166
	2.783

	Copper:
	0.471
	3.946

	304 Stainless Steel:
	0.134
	0.559




Table 6 – Difference needed for optimum heat transfer
	Material
	Heat Transfer
	Optimum Heat transfer
	% Difference

	
	(W)
	(W)
	

	2024 Aluminium alloy:
	3.853
	3.815
	0.98
	Decrease

	Brass (70 Cu/30 Zn):
	2.811
	2.783
	0.99
	Decrease

	Copper:
	3.898
	3.946
	-1.23
	Increase

	304 Stainless Steel:
	0.565
	0.559
	0.99
	Decrease





[bookmark: _Toc99910521]Temperature distribution for the four rods for their corresponding optimum lengths

The temperature distribution was then calculated based upon:



Where:



(Table 7)(Figure 12) Shows that the optimum temperature distribution to be 34.06 °C.

[bookmark: _Hlk99909696]Table 7 – Optimum Temperature Distribution
	Material
	0ptimum Fin length
	Optimum Temperature distribution

	
	(m)
	°C

	2024 Aluminium alloy:
	0.228
	34.06

	Brass (70 Cu/30 Zn):
	0.166
	34.06

	Copper:
	0.471
	34.06

	304 Stainless Steel:
	0.134
	34.06




[image: ]
Figure 12 - Optimum Temperature Distribution






[bookmark: _Toc99910522]A more accurate prediction of temperature distribution and rod length

Where:



The natural log was taken to determine a more accurate fin length:


Therefore:



So:



Table 8 – More accurate fin length
	Material
	e^(-mL) <0.01 Length

	
	(m)

	2024 Aluminium alloy:
	0.396

	Brass (70 Cu/30 Zn):
	0.289

	Copper:
	0.818

	304 Stainless Steel:
	0.232




Temperature distribution was then calculated for each of the new accurate lengths. (Figure 13) Shows the comparison of heat distribution of the optimum length comparable to the more accurate length.

[image: ]
Figure 13 – Temperature distribution comparison

With the necessity of the tip being as close to the fluid temperature as possible (20°C) (Figure 13) shows that the more accurate temperature distribution is closer to this at 22°C.
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AIR - COOLED ENGINE VS LIQUID-COOLED ENGINE
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Fig. 8. Effects of thermal conductivity on fin efficiency ratio when M =0.5.
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FIGURE 2 Wick clements with pin fin at solar still basin'® [Color figure can be viewed at
wileyonlinclibrary.com]
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FIGURE 1 New designs of plate cubic pin-finned heat sinks® [Color figure can be viewed at




image10.png
FIGURE 3 Perforated plate fin with variation in perforation size*” [Color figure can be viewed at
wileyonlinelibrary.com]
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3.1 =TANH(B34) 1

3.2 =TANH(B35) 1

3.3 =TANH(B36) 1

3.4 =TANH(B37) 1

3.5 =TANH(B38) 1

3.6 =TANH(B39) 1

3.7 =TANH(B40) 1

3.8 =TANH(B41) 1

3.9 =TANH(B42) 1

4 =TANH(B43) 1
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Diamater (d) 0.00476 Perimiter (P) 0.0150

Temprature base (Tb) 120 Cross sectional Area (Ac) 1.77952E-05

Ambient Temprature (Tinfinite) 20

Length (L) 0.4

(h) (k) (m)

Heat Transfer Temperature distribution

0ptimum Fin length

Optimum Heat transfer

Optimum Temperature distribution

e^(-mL)  <0.01 Length

W/m^2 K W/mK m^-1 (W) °C (m) (W) °C

(m)

2024 Aluminium alloy:

30 186 11.642 3.853 21.899 0.228 3.815

34.06 0.98

Decrease 0.396 22.00

Brass (70 Cu/30 Zn):

30 99 15.958 2.811 20.338 0.166 2.783

34.06 0.99

Decrease 0.289 22.00

Copper:

15 398 5.628 3.898 40.826 0.471 3.946

34.06 -1.23

Increase 0.818 22.00

304 Stainless Steel:

7.5 16 19.847 0.565 20.071 0.134 0.559

34.06 0.99

Decrease 0.232 22.00

Acurate Temprature Distribution

Data

Material

% Difference in Heat Transfer
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Diamater (d) 0.00476 Perimiter (P) =PI()*(C3)

Temprature base (Tb) 120 Cross sectional Area (Ac) =SUM(PI()*(C3^2)/4)

Ambient Temprature (Tinfinite) 20

Length (L) 0.4

(h) (k) (m)

Heat Transfer Temperature distribution

W/m^2 K W/mK m^-1 (W) °C

2024 Aluminium alloy:

30 186 =SQRT((C11*E3)/(D11*E4)) =SQRT((C11*E3*D11*E4))*(C4-C5)*TANH(E11*C6) =20+(120-20)*(((COSH(E11*(0.4-0.4)))/(COSH(E11*0.4))))

Brass (70 Cu/30 Zn):

30 99 =SQRT((C12*E3)/(D12*E4)) =SQRT((C12*E3*D12*E4))*(C4-C5)*TANH(E12*C6) =20+(120-20)*(((COSH(E12*(0.4-0.4)))/(COSH(E12*0.4))))

Copper:

15 398 =SQRT((C13*E3)/(D13*E4)) =SQRT((C13*E3*D13*E4))*(C4-C5)*TANH(E13*C6) =20+(120-20)*(((COSH(E13*(0.4-0.4)))/(COSH(E13*0.4))))

304 Stainless Steel:

7.5 16 =SQRT((C14*E3)/(D14*E4)) =SQRT((C14*E3*D14*E4))*(C4-C5)*TANH(E14*C6) =20+(120-20)*(((COSH(E14*(0.4-0.4)))/(COSH(E14*0.4))))

Data

Material


image19.emf
0ptimum Fin length

Optimum Heat transfer

Optimum Temperature distribution

e^(-mL)  <0.01 Length

(m) (W) °C

(m)

=SUM(2.65/E11) =SQRT((C11*E3*D11*E4))*(120-20)*TANH(E11*H11) =20+(120-20)*(((COSH(E11*(H11-H11)))/(COSH(E11*H11)))) =((F11-I11)/F11)*100 Decrease =LN(0.01)/-E11 =20+(120-20)*(((COSH(E11*(M11-M11)))/(COSH(E11*M11))))

=SUM(2.65/E12) =SQRT((C12*E3*D12*E4))*(120-20)*TANH(E12*H12) =20+(120-20)*(((COSH(E12*(H12-H12)))/(COSH(E12*H12)))) =((F12-I12)/F12)*100 Decrease =LN(0.01)/-E12 =20+(120-20)*(((COSH(E12*(M12-M12)))/(COSH(E12*M12))))

=SUM(2.65/E13) =SQRT((C13*E3*D13*E4))*(120-20)*TANH(E13*H13) =20+(120-20)*(((COSH(E13*(H13-H13)))/(COSH(E13*H13)))) =((F13-I13)/F13)*100 Increase =LN(0.01)/-E13 =20+(120-20)*(((COSH(E13*(M13-M13)))/(COSH(E13*M13))))

=SUM(2.65/E14) =SQRT((C14*E3*D14*E4))*(120-20)*TANH(E14*H14) =20+(120-20)*(((COSH(E14*(H14-H14)))/(COSH(E14*H14)))) =((F14-I14)/F14)*100 Decrease =LN(0.01)/-E14 =20+(120-20)*(((COSH(E14*(M14-M14)))/(COSH(E14*M14))))

Acurate Temprature Distribution

% Difference in Heat Transfer
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2024 Aluminium alloy Brass (70 Cu/30 Zn) Copper 304 Stainless Steel Optimum temperature Distribution

Acurate Temperature Distribution

0

120.00 120.00 120.00 120.00

34.06

22.00

0.01 119.33 118.74 119.84 118.06 34.06 22.00

0.02 117.35 115.11 119.37 112.61 34.06 22.00

0.03 114.20 109.54 118.59 104.56 34.06 22.00

0.04 110.06 102.59 117.52 95.07 34.06 22.00

0.05 105.16 94.87 116.17 85.18 34.06 22.00

0.06 99.74 86.91 114.56 75.65 34.06 22.00

0.07 94.03 79.12 112.71 66.93 34.06 22.00

0.08 88.21 71.77 110.66 59.24 34.06 22.00

0.09 82.46 65.02 108.41 52.60 34.06 22.00

0.1 76.89 58.95 106.01 46.97 34.06 22.00

0.11 71.59 53.57 103.48 42.25 34.06 22.00

0.12 66.61 48.84 100.85 38.32 34.06 22.00

0.13 61.99 44.73 98.14 35.07 34.06 22.00

0.14 57.74 41.17 95.37 32.38 34.06 22.00

0.15 53.85 38.11 92.57 30.16 34.06 22.00

0.16 50.32 35.47 89.76 28.34 34.06 22.00

0.17 47.12 33.21 86.95 26.84 34.06 22.00

0.18 44.23 31.28 84.16 25.61 34.06 22.00

0.19 41.64 29.62 81.41 24.60 34.06 22.00

0.2 39.31 28.21 78.71 23.78 34.06 22.00

0.21 37.22 27.00 76.07 23.10 34.06 22.00

0.22 35.35 25.97 73.49 22.54 34.06 22.00

0.23 33.68 25.09 70.98 22.08 34.06 22.00

0.24 32.19 24.34 68.55 21.71 34.06 22.00

0.25 30.86 23.70 66.20 21.40 34.06 22.00

0.26 29.67 23.15 63.94 21.15 34.06 22.00

0.27 28.61 22.69 61.76 20.94 34.06 22.00

0.28 27.67 22.29 59.67 20.77 34.06 22.00

0.29 26.83 21.96 57.66 20.63 34.06 22.00

0.3 26.08 21.67 55.74 20.52 34.06 22.00

0.31 25.41 21.42 53.91 20.43 34.06 22.00

0.32 24.82 21.21 52.15 20.35 34.06 22.00

0.33 24.29 21.03 50.48 20.29 34.06 22.00

0.34 23.82 20.88 48.88 20.23 34.06 22.00

0.35 23.40 20.75 47.36 20.19 34.06 22.00

0.36 23.03 20.64 45.92 20.16 34.06 22.00

0.37 22.69 20.55 44.55 20.13 34.06 22.00

0.38 22.40 20.46 43.24 20.11 34.06 22.00

0.39 22.13 20.40 42.00 20.09 34.06 22.00

0.4 21.90 20.34 40.82 20.07 34.06 22.00

Length (L) m

Material Temperature Distribution °C
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2024 Aluminium alloy Brass (70 Cu/30 Zn) Copper 304 Stainless Steel Optimum temperature Distribution

Acurate Temperature Distribution

0

=20+(120-20)*(((COSH(11.642*(B4-B4)))/(COSH(11.642*B4)))) =20+(120-20)*(((COSH(15.958*(B4-B4)))/(COSH(15.958*B4)))) =20+(120-20)*(((COSH(5.628*(B4-B4)))/(COSH(5.628*B4)))) =20+(120-20)*(((COSH(19.847*(B4-B4)))/(COSH(19.847*B4)))) 34.0600604997645 21.999800019998

0.01 =20+(120-20)*(((COSH(11.642*(B5-B5)))/(COSH(11.642*B5)))) =20+(120-20)*(((COSH(15.958*(B5-B5)))/(COSH(15.958*B5)))) =20+(120-20)*(((COSH(5.628*(B5-B5)))/(COSH(5.628*B5)))) =20+(120-20)*(((COSH(19.847*(B5-B5)))/(COSH(19.847*B5)))) 34.0600604997645 21.999800019998

0.02 =20+(120-20)*(((COSH(11.642*(B6-B6)))/(COSH(11.642*B6)))) =20+(120-20)*(((COSH(15.958*(B6-B6)))/(COSH(15.958*B6)))) =20+(120-20)*(((COSH(5.628*(B6-B6)))/(COSH(5.628*B6)))) =20+(120-20)*(((COSH(19.847*(B6-B6)))/(COSH(19.847*B6)))) 34.0600604997645 21.999800019998

0.03 =20+(120-20)*(((COSH(11.642*(B7-B7)))/(COSH(11.642*B7)))) =20+(120-20)*(((COSH(15.958*(B7-B7)))/(COSH(15.958*B7)))) =20+(120-20)*(((COSH(5.628*(B7-B7)))/(COSH(5.628*B7)))) =20+(120-20)*(((COSH(19.847*(B7-B7)))/(COSH(19.847*B7)))) 34.0600604997645 21.999800019998

0.04 =20+(120-20)*(((COSH(11.642*(B8-B8)))/(COSH(11.642*B8)))) =20+(120-20)*(((COSH(15.958*(B8-B8)))/(COSH(15.958*B8)))) =20+(120-20)*(((COSH(5.628*(B8-B8)))/(COSH(5.628*B8)))) =20+(120-20)*(((COSH(19.847*(B8-B8)))/(COSH(19.847*B8)))) 34.0600604997645 21.999800019998

0.05 =20+(120-20)*(((COSH(11.642*(B9-B9)))/(COSH(11.642*B9)))) =20+(120-20)*(((COSH(15.958*(B9-B9)))/(COSH(15.958*B9)))) =20+(120-20)*(((COSH(5.628*(B9-B9)))/(COSH(5.628*B9)))) =20+(120-20)*(((COSH(19.847*(B9-B9)))/(COSH(19.847*B9)))) 34.0600604997645 21.999800019998

0.06 =20+(120-20)*(((COSH(11.642*(B10-B10)))/(COSH(11.642*B10)))) =20+(120-20)*(((COSH(15.958*(B10-B10)))/(COSH(15.958*B10)))) =20+(120-20)*(((COSH(5.628*(B10-B10)))/(COSH(5.628*B10)))) =20+(120-20)*(((COSH(19.847*(B10-B10)))/(COSH(19.847*B10)))) 34.0600604997645 21.999800019998

0.07 =20+(120-20)*(((COSH(11.642*(B11-B11)))/(COSH(11.642*B11)))) =20+(120-20)*(((COSH(15.958*(B11-B11)))/(COSH(15.958*B11)))) =20+(120-20)*(((COSH(5.628*(B11-B11)))/(COSH(5.628*B11)))) =20+(120-20)*(((COSH(19.847*(B11-B11)))/(COSH(19.847*B11)))) 34.0600604997645 21.999800019998

0.08 =20+(120-20)*(((COSH(11.642*(B12-B12)))/(COSH(11.642*B12)))) =20+(120-20)*(((COSH(15.958*(B12-B12)))/(COSH(15.958*B12)))) =20+(120-20)*(((COSH(5.628*(B12-B12)))/(COSH(5.628*B12)))) =20+(120-20)*(((COSH(19.847*(B12-B12)))/(COSH(19.847*B12)))) 34.0600604997645 21.999800019998

0.09 =20+(120-20)*(((COSH(11.642*(B13-B13)))/(COSH(11.642*B13)))) =20+(120-20)*(((COSH(15.958*(B13-B13)))/(COSH(15.958*B13)))) =20+(120-20)*(((COSH(5.628*(B13-B13)))/(COSH(5.628*B13)))) =20+(120-20)*(((COSH(19.847*(B13-B13)))/(COSH(19.847*B13)))) 34.0600604997645 21.999800019998

0.1 =20+(120-20)*(((COSH(11.642*(B14-B14)))/(COSH(11.642*B14)))) =20+(120-20)*(((COSH(15.958*(B14-B14)))/(COSH(15.958*B14)))) =20+(120-20)*(((COSH(5.628*(B14-B14)))/(COSH(5.628*B14)))) =20+(120-20)*(((COSH(19.847*(B14-B14)))/(COSH(19.847*B14)))) 34.0600604997645 21.999800019998

0.11 =20+(120-20)*(((COSH(11.642*(B15-B15)))/(COSH(11.642*B15)))) =20+(120-20)*(((COSH(15.958*(B15-B15)))/(COSH(15.958*B15)))) =20+(120-20)*(((COSH(5.628*(B15-B15)))/(COSH(5.628*B15)))) =20+(120-20)*(((COSH(19.847*(B15-B15)))/(COSH(19.847*B15)))) 34.0600604997645 21.999800019998

0.12 =20+(120-20)*(((COSH(11.642*(B16-B16)))/(COSH(11.642*B16)))) =20+(120-20)*(((COSH(15.958*(B16-B16)))/(COSH(15.958*B16)))) =20+(120-20)*(((COSH(5.628*(B16-B16)))/(COSH(5.628*B16)))) =20+(120-20)*(((COSH(19.847*(B16-B16)))/(COSH(19.847*B16)))) 34.0600604997645 21.999800019998

0.13 =20+(120-20)*(((COSH(11.642*(B17-B17)))/(COSH(11.642*B17)))) =20+(120-20)*(((COSH(15.958*(B17-B17)))/(COSH(15.958*B17)))) =20+(120-20)*(((COSH(5.628*(B17-B17)))/(COSH(5.628*B17)))) =20+(120-20)*(((COSH(19.847*(B17-B17)))/(COSH(19.847*B17)))) 34.0600604997645 21.999800019998

0.14 =20+(120-20)*(((COSH(11.642*(B18-B18)))/(COSH(11.642*B18)))) =20+(120-20)*(((COSH(15.958*(B18-B18)))/(COSH(15.958*B18)))) =20+(120-20)*(((COSH(5.628*(B18-B18)))/(COSH(5.628*B18)))) =20+(120-20)*(((COSH(19.847*(B18-B18)))/(COSH(19.847*B18)))) 34.0600604997645 21.999800019998

0.15 =20+(120-20)*(((COSH(11.642*(B19-B19)))/(COSH(11.642*B19)))) =20+(120-20)*(((COSH(15.958*(B19-B19)))/(COSH(15.958*B19)))) =20+(120-20)*(((COSH(5.628*(B19-B19)))/(COSH(5.628*B19)))) =20+(120-20)*(((COSH(19.847*(B19-B19)))/(COSH(19.847*B19)))) 34.0600604997645 21.999800019998

0.16 =20+(120-20)*(((COSH(11.642*(B20-B20)))/(COSH(11.642*B20)))) =20+(120-20)*(((COSH(15.958*(B20-B20)))/(COSH(15.958*B20)))) =20+(120-20)*(((COSH(5.628*(B20-B20)))/(COSH(5.628*B20)))) =20+(120-20)*(((COSH(19.847*(B20-B20)))/(COSH(19.847*B20)))) 34.0600604997645 21.999800019998

0.17 =20+(120-20)*(((COSH(11.642*(B21-B21)))/(COSH(11.642*B21)))) =20+(120-20)*(((COSH(15.958*(B21-B21)))/(COSH(15.958*B21)))) =20+(120-20)*(((COSH(5.628*(B21-B21)))/(COSH(5.628*B21)))) =20+(120-20)*(((COSH(19.847*(B21-B21)))/(COSH(19.847*B21)))) 34.0600604997645 21.999800019998

0.18 =20+(120-20)*(((COSH(11.642*(B22-B22)))/(COSH(11.642*B22)))) =20+(120-20)*(((COSH(15.958*(B22-B22)))/(COSH(15.958*B22)))) =20+(120-20)*(((COSH(5.628*(B22-B22)))/(COSH(5.628*B22)))) =20+(120-20)*(((COSH(19.847*(B22-B22)))/(COSH(19.847*B22)))) 34.0600604997645 21.999800019998

0.19 =20+(120-20)*(((COSH(11.642*(B23-B23)))/(COSH(11.642*B23)))) =20+(120-20)*(((COSH(15.958*(B23-B23)))/(COSH(15.958*B23)))) =20+(120-20)*(((COSH(5.628*(B23-B23)))/(COSH(5.628*B23)))) =20+(120-20)*(((COSH(19.847*(B23-B23)))/(COSH(19.847*B23)))) 34.0600604997645 21.999800019998

0.2 =20+(120-20)*(((COSH(11.642*(B24-B24)))/(COSH(11.642*B24)))) =20+(120-20)*(((COSH(15.958*(B24-B24)))/(COSH(15.958*B24)))) =20+(120-20)*(((COSH(5.628*(B24-B24)))/(COSH(5.628*B24)))) =20+(120-20)*(((COSH(19.847*(B24-B24)))/(COSH(19.847*B24)))) 34.0600604997645 21.999800019998

0.21 =20+(120-20)*(((COSH(11.642*(B25-B25)))/(COSH(11.642*B25)))) =20+(120-20)*(((COSH(15.958*(B25-B25)))/(COSH(15.958*B25)))) =20+(120-20)*(((COSH(5.628*(B25-B25)))/(COSH(5.628*B25)))) =20+(120-20)*(((COSH(19.847*(B25-B25)))/(COSH(19.847*B25)))) 34.0600604997645 21.999800019998

0.22 =20+(120-20)*(((COSH(11.642*(B26-B26)))/(COSH(11.642*B26)))) =20+(120-20)*(((COSH(15.958*(B26-B26)))/(COSH(15.958*B26)))) =20+(120-20)*(((COSH(5.628*(B26-B26)))/(COSH(5.628*B26)))) =20+(120-20)*(((COSH(19.847*(B26-B26)))/(COSH(19.847*B26)))) 34.0600604997645 21.999800019998

0.23 =20+(120-20)*(((COSH(11.642*(B27-B27)))/(COSH(11.642*B27)))) =20+(120-20)*(((COSH(15.958*(B27-B27)))/(COSH(15.958*B27)))) =20+(120-20)*(((COSH(5.628*(B27-B27)))/(COSH(5.628*B27)))) =20+(120-20)*(((COSH(19.847*(B27-B27)))/(COSH(19.847*B27)))) 34.0600604997645 21.999800019998

0.24 =20+(120-20)*(((COSH(11.642*(B28-B28)))/(COSH(11.642*B28)))) =20+(120-20)*(((COSH(15.958*(B28-B28)))/(COSH(15.958*B28)))) =20+(120-20)*(((COSH(5.628*(B28-B28)))/(COSH(5.628*B28)))) =20+(120-20)*(((COSH(19.847*(B28-B28)))/(COSH(19.847*B28)))) 34.0600604997645 21.999800019998

0.25 =20+(120-20)*(((COSH(11.642*(B29-B29)))/(COSH(11.642*B29)))) =20+(120-20)*(((COSH(15.958*(B29-B29)))/(COSH(15.958*B29)))) =20+(120-20)*(((COSH(5.628*(B29-B29)))/(COSH(5.628*B29)))) =20+(120-20)*(((COSH(19.847*(B29-B29)))/(COSH(19.847*B29)))) 34.0600604997645 21.999800019998

0.26 =20+(120-20)*(((COSH(11.642*(B30-B30)))/(COSH(11.642*B30)))) =20+(120-20)*(((COSH(15.958*(B30-B30)))/(COSH(15.958*B30)))) =20+(120-20)*(((COSH(5.628*(B30-B30)))/(COSH(5.628*B30)))) =20+(120-20)*(((COSH(19.847*(B30-B30)))/(COSH(19.847*B30)))) 34.0600604997645 21.999800019998

0.27 =20+(120-20)*(((COSH(11.642*(B31-B31)))/(COSH(11.642*B31)))) =20+(120-20)*(((COSH(15.958*(B31-B31)))/(COSH(15.958*B31)))) =20+(120-20)*(((COSH(5.628*(B31-B31)))/(COSH(5.628*B31)))) =20+(120-20)*(((COSH(19.847*(B31-B31)))/(COSH(19.847*B31)))) 34.0600604997645 21.999800019998

0.28 =20+(120-20)*(((COSH(11.642*(B32-B32)))/(COSH(11.642*B32)))) =20+(120-20)*(((COSH(15.958*(B32-B32)))/(COSH(15.958*B32)))) =20+(120-20)*(((COSH(5.628*(B32-B32)))/(COSH(5.628*B32)))) =20+(120-20)*(((COSH(19.847*(B32-B32)))/(COSH(19.847*B32)))) 34.0600604997645 21.999800019998

0.29 =20+(120-20)*(((COSH(11.642*(B33-B33)))/(COSH(11.642*B33)))) =20+(120-20)*(((COSH(15.958*(B33-B33)))/(COSH(15.958*B33)))) =20+(120-20)*(((COSH(5.628*(B33-B33)))/(COSH(5.628*B33)))) =20+(120-20)*(((COSH(19.847*(B33-B33)))/(COSH(19.847*B33)))) 34.0600604997645 21.999800019998

0.3 =20+(120-20)*(((COSH(11.642*(B34-B34)))/(COSH(11.642*B34)))) =20+(120-20)*(((COSH(15.958*(B34-B34)))/(COSH(15.958*B34)))) =20+(120-20)*(((COSH(5.628*(B34-B34)))/(COSH(5.628*B34)))) =20+(120-20)*(((COSH(19.847*(B34-B34)))/(COSH(19.847*B34)))) 34.0600604997645 21.999800019998

0.31 =20+(120-20)*(((COSH(11.642*(B35-B35)))/(COSH(11.642*B35)))) =20+(120-20)*(((COSH(15.958*(B35-B35)))/(COSH(15.958*B35)))) =20+(120-20)*(((COSH(5.628*(B35-B35)))/(COSH(5.628*B35)))) =20+(120-20)*(((COSH(19.847*(B35-B35)))/(COSH(19.847*B35)))) 34.0600604997645 21.999800019998

0.32 =20+(120-20)*(((COSH(11.642*(B36-B36)))/(COSH(11.642*B36)))) =20+(120-20)*(((COSH(15.958*(B36-B36)))/(COSH(15.958*B36)))) =20+(120-20)*(((COSH(5.628*(B36-B36)))/(COSH(5.628*B36)))) =20+(120-20)*(((COSH(19.847*(B36-B36)))/(COSH(19.847*B36)))) 34.0600604997645 21.999800019998

0.33 =20+(120-20)*(((COSH(11.642*(B37-B37)))/(COSH(11.642*B37)))) =20+(120-20)*(((COSH(15.958*(B37-B37)))/(COSH(15.958*B37)))) =20+(120-20)*(((COSH(5.628*(B37-B37)))/(COSH(5.628*B37)))) =20+(120-20)*(((COSH(19.847*(B37-B37)))/(COSH(19.847*B37)))) 34.0600604997645 21.999800019998

0.34 =20+(120-20)*(((COSH(11.642*(B38-B38)))/(COSH(11.642*B38)))) =20+(120-20)*(((COSH(15.958*(B38-B38)))/(COSH(15.958*B38)))) =20+(120-20)*(((COSH(5.628*(B38-B38)))/(COSH(5.628*B38)))) =20+(120-20)*(((COSH(19.847*(B38-B38)))/(COSH(19.847*B38)))) 34.0600604997645 21.999800019998

0.35 =20+(120-20)*(((COSH(11.642*(B39-B39)))/(COSH(11.642*B39)))) =20+(120-20)*(((COSH(15.958*(B39-B39)))/(COSH(15.958*B39)))) =20+(120-20)*(((COSH(5.628*(B39-B39)))/(COSH(5.628*B39)))) =20+(120-20)*(((COSH(19.847*(B39-B39)))/(COSH(19.847*B39)))) 34.0600604997645 21.999800019998

0.36 =20+(120-20)*(((COSH(11.642*(B40-B40)))/(COSH(11.642*B40)))) =20+(120-20)*(((COSH(15.958*(B40-B40)))/(COSH(15.958*B40)))) =20+(120-20)*(((COSH(5.628*(B40-B40)))/(COSH(5.628*B40)))) =20+(120-20)*(((COSH(19.847*(B40-B40)))/(COSH(19.847*B40)))) 34.0600604997645 21.999800019998

0.37 =20+(120-20)*(((COSH(11.642*(B41-B41)))/(COSH(11.642*B41)))) =20+(120-20)*(((COSH(15.958*(B41-B41)))/(COSH(15.958*B41)))) =20+(120-20)*(((COSH(5.628*(B41-B41)))/(COSH(5.628*B41)))) =20+(120-20)*(((COSH(19.847*(B41-B41)))/(COSH(19.847*B41)))) 34.0600604997645 21.999800019998

0.38 =20+(120-20)*(((COSH(11.642*(B42-B42)))/(COSH(11.642*B42)))) =20+(120-20)*(((COSH(15.958*(B42-B42)))/(COSH(15.958*B42)))) =20+(120-20)*(((COSH(5.628*(B42-B42)))/(COSH(5.628*B42)))) =20+(120-20)*(((COSH(19.847*(B42-B42)))/(COSH(19.847*B42)))) 34.0600604997645 21.999800019998

0.39 =20+(120-20)*(((COSH(11.642*(B43-B43)))/(COSH(11.642*B43)))) =20+(120-20)*(((COSH(15.958*(B43-B43)))/(COSH(15.958*B43)))) =20+(120-20)*(((COSH(5.628*(B43-B43)))/(COSH(5.628*B43)))) =20+(120-20)*(((COSH(19.847*(B43-B43)))/(COSH(19.847*B43)))) 34.0600604997645 21.999800019998

0.4 =20+(120-20)*(((COSH(11.642*(B44-B44)))/(COSH(11.642*B44)))) =20+(120-20)*(((COSH(15.958*(B44-B44)))/(COSH(15.958*B44)))) =20+(120-20)*(((COSH(5.628*(B44-B44)))/(COSH(5.628*B44)))) =20+(120-20)*(((COSH(19.847*(B44-B44)))/(COSH(19.847*B44)))) 34.0600604997645 21.999800019998
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