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Heat Exchangers Comparation

Kire Popovski?, Igor Andeevski®

# Faculty of Technical Sciences, Bitola, MK, kire.popovski@tfb.uklo.edu.mk
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Abstract: Extended surface heat exchangers are used for water and air as operating mediums, and can be
differentiated by the ribs shape. The one has sinuous type ribs, while the other one has flat lamella ribs. In
this paper comparison between both types of heat exchangers is made with reference to air velocity in the
minimum flow cross - section and Reynolds' number. Better heat transfer can be provide using exchanger
with higher values of coefficient «; and factor j,. Computer program for mathematical model is made and
graphical representation or the results is given.

Keywords: heat exchanger, heat transfer.

1. Mathematical model

Temperature condition for the calculation of heat transfer through ribbed surface of tubes at lamella
type heat exchangers, for working mediums water-air and where cooling of the air occurs is visible on Fig. 1.
Here, we can see that heat from the fluid surrounding the pipe outside (air) is transferred on the fluid inside
the pipe (water).

Heat transfer from the air onto the water is constant since there is neither heat source nor heat sink
between both medias.

Total transferred heat is a sum of heat transferred through the outer surface of the pipe [without ribs]
A, and the heat transferred through ribs area, A,.

Q:ar'Ar'(ta_trm)_'_acn'Acn'(ta_tcn)’ W @
o and o, are almost equal,
Q:ar'[A"(ta_trm)_'_A:n'(ta_tcn)] , W (2)
Coefficient of convective heat transfer from the outer side is,
aan:ar’(ﬁ'nr—l_A:nj @)
A, A,
Where,
ta —trm
= )
ta —ten

The degree of usefulness is the ratio between heat transferring onto the ribs and heat that would be
transferred on the ribs, when all of them would have temperature t,.

np:%'nr*‘% ®)
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A

A 4

Fig. 1. Temperature variations on ribbed pipe

is heat exchanger's level of utility area,

1

A 1 Ay S
L-ne-|R="N. > _ " %
”p( Aoy A xc]

O =

coefficient of convective heat transfer of ribs.

(6)

Expressions for n, and o, form system of two equations with two unknowns that is solved through

iteration method. Approximately, for the first iteration n,=0,8.

Air flows by the length of the rib and upright on the pipe. Cross-section of the fluid between ribs is
changed through the current flow. Because of that and sinuous form of lamellas, local coordinates depend on

the direction and value of speed.

Most of authors, [1] and [2], in their calculations, use maximum velocity of the air in the minimum

cross-section,

m
_ Msa
Wamax = A
min

Hydraulic diameter is taken as a characteristic value when Reynolds' number is calculated [1],

4. A
dh _ min
Acn
where Reynolds' number,
w -d
Rea _ amax ““h
Va

Heat transfer factor, ja, is usually in non-dimensional form [3],
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Stanton's-number,

Nu

St=————
Re, - Pry

Solution of the previous two terms is,

. %3 - Amin n
Ja=——Pra
Msa *Cpa

(11)

(12)

A number of authors, in the calculation of convective heat transfer, take the value of exponent of
Prantdl's number to be n =0,667. Kotke and Blenke examined the influence of flow on this exponent. They

suggest the following function in the expression of convective heat transfer, [4],
Pra = f(Pra)=18-Pr® -08
Now,

_ %M 1g.pr03 _gg

Ja=
Msa - Cpa

Factor ja can be found as a function of Reynolds' number,
ja=2a: Reg

Constants a and b are coefficients of correlation of the values for ja and Reynolds' number.

2. Numerical example

(13)

(14)

(15)

Measurements are taken on two heat exchangers, and their dimensions are visible on Table 1. Heat

exchanger number 1 has sinuous lamellas, while heat exchanger number 2 has flat lamellas, [5].

Table 1. Measured dimensions of heat exchangers

Dimensions No. 1 No. 2
H; [mm] 468 468
B [mm] 500 500
H, [mm] 465 465
o [mm] 0,15 0,15
B, [mm] 172.,8 172,8
R; [mm] 2,6 2,6
n, 192 192
Ch [mm] 33,3 33,3
Cp, [mm] 28,8 28,8
dy [mm] 11 11
d, [mm] 12,3 12,3
Nred 6 6
Nred1 14 14
Npe 16 16
Ne 84 84
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Calculated surface areas of the heat exchangers are presented on Table 2. Calculations are made

according to [6], while surface area is given in m2.

Table 2. Calculated dimensions of heat exchanger

Dimensions

No. 1

No. 2

Frontal surface area of heat exchanger: Af = H; - B;

0,234

0,234

Minimum flow cross-section: Apin =(Hy —Ngr -dp)-np - Ry

0,146

0,146

Amin

Ag

Ratio: o =

0,625

0,625

Surface area of non-ribbed pipes: A;p =dp, -m-n, - Ry -ng

1,620

1,620

2 2
!d —d )
Surface area of ribs: A, =1/ n

2

29,812

27,102

Pipe surface area between ribs: Ag = (RIr —9dr ) dp-m-np-Nng

1,527

1,527

Total area of heat transfer: Ay = Ar + Ag

31,339

28,629

Internal pipe area: A, =d, -m-n, -n. - Ry

1,449

1,449

Table 3. Measured and calculated values for heat exchanger number 1

Mgy | Mgy | tay tai | twv | twi Qa | Qu | Qs k Oy
kgls |kg/s| °C | °C |°C| °C | W | W | W |W/m’K|W/m?K

m/s

W/m?K

Re, Ja

Nr | Mp

0,233]0,231|20,88(12,83|5,32|10,18/5029|4715/1965|17,20 |513,19

1,309

27,86

2566 10,0143

0,89/0,88

0,315|0,231|19,90(13,40(5,32|10,27|5059|4802|2138|17,68 |513,16

1,768

34,38

3473 10,0130

0,86/0,86

0,413]0,231|19,69(13,66|5,21|10,23|5126|4870/2586|17,81 512,80

2,318

43,97

4553 10,0127

0,83/0,83

0,491)|0,231|19,94/13,86|5,22|10,31|5235/4938/3087|17,96 512,83

2,758

55,51

5407 ]0,0135

0,80/0,79

0,563/0,231|20,57|14,28|5,31|10,57|5341/5103|3652|17,65 |513,12

3,168

61,04

6185 |0,0129

0,79/0,78

0,665|0,231|18,77|13,42|5,49|10,12|14716/4492|3652|17,94 |513,65

3,725

78,11

7349 10,0140

0,74/0,73

0,754/|0,231|18,06/13,35|5,91|10,25|4335(4211|3638|17,88 |514,95 4,218

84,45

8346 |0,0134

0,73/0,72

0,833/0,231|19,66|14,46|5,82|10,78/5040(4812|4436|18,18 |514,69 4,682

99,82

9167 |0,0143

0,70/0,68

0,925|0,231|22,34/16,46|6,03|12,06/6100/5850/5568|18,61 515,39

5,241

121,37

10071)0,0156

0,66/0,64

1,009|0,231|22,77|17,13|6,04/12,40|16302|6170/5823|18,23 |515,44

5,728

108,04

10958/0,0128

0,68/0,67

1,084|0,230|23,25|17,75|5,97|12,70|6395|6501/6097|18,64 |514,11

6,165

133,03

11742|0,0146

0,64/0,62

1,138|0,231|25,81|19,16|5,28|13,42|8376|7897|7750{18,91 513,10

6,516

143,12

12214/0,0150

0,63/0,61

Table 4. Measured and calculated values for heat exchanger number 2

Msa | Moy tav tai tw | twi Qa QW Qs Kk Olyw
kgls |kg/s| °C | °C |°C| °C | W | W | W |W/m’K|W/m?K

m/s

W/m?K

Re, Ja

Nr | Mp

0,235|0,225|24,45(15,42|6,16|12,64|6310|6124/2251|19,82 550,59

1,334

27,96

2552 10,0142

0,89/0,88

0,324]0,225|22,90(15,85|5,91|12,31|6142|6048|2408|19,77 549,71

1,836

30,98

3528 10,0114

0,88/0,87

0,415|0,225|22,25|15,97|5,95|12,11|5850|5821|2727|19,30 549,82

2,349

34,41

4525 10,0099

0,86/0,86

0,477|0,226|21,80(15,67|5,87|11,72|5593|5553|3041|18,87 |550,75

2,697

37,77

5209 ]0,0094

0,85/0,85

0,542|0,226|21,54|15,45|5,74]|11,41|5436/5382|3417|18,51 550,30

3,062

41,89

5926 10,0092

0,84/0,83

0,595|0,228|21,61|15,40|5,72|11,31|5359|5353|3812|18,16 |552,65

3,361

45,00

6505 |0,0090

0,83/0,82

0,717/0,217|20,67|14,88|5,59|11,04|5087|4967|4262|18,43 |538,69 4,040

62,00

7865 10,0103

0,78(0,77

0,827)0,218|21,52|15,52|5,04|11,20|5624|5640(5087|18,42 538,13 |4,672

68,59

9041 |0,0099

0,77|0,75

0,923|0,219|22,83|16,28/3,84|11,07|6679|6650[6194|19,16 535,42

5,233

85,59

10042|0,0111

0,73/0,71

1,025|0,223|18,30|14,27|5,91|10,69|4578|4477|4219|19,45 |547,11

5,746

84,78

11318]0,0099

0,73|0,71

1,104|0,226|18,39|14,51|5,84|10,74[4677|4651|4374|19,87 |550,54

6,192

93,60

12182/0,0101

0,71|0,70

1,177|0,227)18,88|14,93/|5,46|10,76|5071|5053|4747|20,04 550,49

6,612

98,11

12961/0,0099

0,70/0,69

1,200/0,227|20,80|16,37|5,57|11,63|5549|5778|5429/20,39 |550,89

6,780

114,14

13115/0,0113

0,67]0,65
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Measured values are taken according to [7].

3. Conclusions

Measured and calculated values for both heat exchangers are presented on Tables 3 and 4,
respectively. Calculations are made for constant mass flow of water, with the aim of calculating heat transfer
from the outer side of heat exchanger. Values for convective heat transfer of the ribs, ar, and heat transfer
factor, ja, are also shown.

The dependence of both factors [ar and ja] relative to wa and Re is shown on Fig. 2, and Fig. 3.,
respectively, while analytical dependence is given with the following expressions,

- Heat exchanger number. 1, ¢, =22,104-w, —51119 j, =0,0086 - ReX™*
- Heat exchanger number 2, a, =15,476-w, —0,7355 j, =0,00233- Re;o,osalz
o, 200
W/m’K 150 1
*
®
100 /./ 2
50 M
==
0
0 2 4 6 w, 8
m/s

Fig. 2. Dependence of coefficient of convective heat transfer from the air onto pipe with ribs o, from air
velocity in the minimum flow cross-section w,

i 0016
® 0.015 *
0.014 * o 1

0013 =+ "o *

0.012
0.011 m
0.010 s
0.009 .,
0.008

2000 7000 12000 R 17000

Fig. 3. Dependence of heat transfer coefficient, j,, from Reynolds' number
Heat exchangers with higher values of coefficient ar and factor ja have better heat transfer.

According to this, heat exchanger number 1, with sinuous shaped lamellas has better heat transfer. This is
expressed in larger values for wa, or when wa > 4 m/s and with greater Reynolds' number values, Re > 9000.
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Nomenclature

B,  -lamella's width [mm]
B - heat exchanger's width [mm]
C, - distance between pipes onto heat exchangers' width [mm]
Cn - distance between pipes onto heat exchangers' height [mm]
dn - external pipe diameter [mm]
d, - internal pipe diameter [mm]
fa - friction coefficient [dimensionless]
H,  -lamella's height [mm]
H; - heat exchanger's height [mm]
ja - heat transfer factor [dimensionless]
Ne - number of pipes [dimensionless]
n; - number of lamellas [dimensionless]
Q - heat energy [W]
R; - spacing between lamellas [mm]
ta - temperature of the air [°C]
ten - temperature on the pipe's external surface [°C]
tev - temperature on pipe's internal surface [°C]
tm - mean temperature [°C]
trm - mean temperature on the rib [°C]
tw - water temperature [°C]
a. - coefficient of convective heat transfer from the air onto pipe without ribs [W/m?K]
o, - coefficient of convective heat transfer from the air onto ribbed pipe [W/m°K]
a. - coefficient of convective heat transfer on the side of the water [W/m°K]
o - lamella's thickness [mm]
References

[1] Kays W. M., London A. L., Compact Heat Exchangers, Mc Graw-Hill, New York, USA; 1984.

[2] Elmahdy A. H., A simple Model for Cooling and Dehumidifying Coils for Use in Calculating Energy
Requirements for Buildings, ASHRAE Transactions, vol. 83, pp. 103-117, 1977.

[3] Rohsenow W. M., Hartnett J. P., Gani¢ E. N, Handbook of Heat Transfer Applications, McGraw-Hill
Book Company, New York, USA, 1985.

[4] Kotke V., Blenke H., Mesmethoden konvektiever Stoffubertragung, Chemie — Ing. Tehnik, vol. 50, no. 2,
pp. 81-90, 1978.

[5] Poredos A., Allgemeines Modell zur Berechnung der Lamellen - warmeaustauscher, Fortschr.-Ber, VDI
Reihe 19 Nr. 53. Dusseldorf: VDI - Verlag 1991, Dusseldorf, Germany, 1991.

[6] Slipéevi¢ B., Heat exchangers, SMEITS, Beograd, Serbia, 1987.

[7] Poredos A., Calculations and measurements of lamella type air coolers, Univerza v Ljubljani, Fakulteta
za strojnistvo, Slovenia, 1979.

[8] Mojsovski A., Prenos na toplina, Univerzitet "Sv. Kiril i Metodij" - Skopje, Makedonija, 1992.

-251 -



	Front Cover
	Sponsors

	Committees
	Disclaimer
	Contents
	Plenary Session
	Upgrade by an Innovative Installation of Additional Economizer at the 620 MWe Lignite-Fired Power Plant
	The Main Strategic Objectives of the Romanian Energy Sector in National and International Context
	Some Controversial Issues on Energy Sustainability
	Ranking Literature Sources For Multidisciplinary Research

	Technologies and Plants
	Design of a bulb turbine stay vane and runner for the small hydro power plant ‘’Grčki mlin’’ near Prokuplje
	The Use of Preheated Low-Enriched Air in Downdraft Gasifiers Energy and Exergy Analysis
	Alternative Modeling Approaches to Sulfation Reactions of Calcium Based Sorbents Injected in the Pulverized Coal Furnace
	Energy Consumption of Compressed Air Systems and Potential of Heat Recovery with example
	Analysis of Dynamic Behaviour of Hot Water Boilers During Start Up
	Technology for Manufacturing of Turbine Parts for Micro and Mini Hydroelectric Power Plants
	Vertical Limited Fluid Bed for Burning Granulated Bio, Fossil and Waste Fuel in Power Plant Boilers and Conversion of Coal by Biomass
	Thermal Fatigue of Materials

	New and Renewable Energy Sources
	Potential Fire Hazards of Renewable Energy - Horizons of Tomorrow
	Possibilities and Directions for Participation of Available RES in Macedonia with Scenarios for Achieving the 20-20-20 Goal of the EC
	Optical Design of a Solar Parabolic ConcentratorBased on Square Flat Facets
	Techno-economic Analysis of Photovoltaic-based Stand-alone Power System for Supply of Metrological Masts’ Equipment
	Solar Drying Of Fruits and Vegetables
	Comparative Analysis Between Two Methods for Temperature Measurement of PV panels
	Technical and Economic Analysis of Hybrid Wind-photovoltaic Power System for Supply of Meteorological Masts’ Measuring Equipment
	Technical Feasibility and Financial Analysis of Hybrid Wind-Photovoltaic System for Supply of One Educational Institution
	Current State Wind Energy Utilization in the Republic of Macedonia
	Agricultural Biomass Utilization for Energy Purposes
	Biogas – Overview of the Possibilities for Implementation
	Utilization of Crude Glycerol for the Production of Biofuels
	Renewable Energy Potential in the Rusanda Rehabilitation Center
	Guide Vane Position Control of the Mini Hydro Power Plant by Digital Sliding Mode With Additional Integral Action
	Recent Progress in BiomassPyrolysis-Gasification Technologies

	Mathematical Modelling and Numerical Simulation
	Dimensioning of Underground Vertical Heat Exchangers for Geothermal Heat Pump
	Heat Exchangers Comparation
	Modeling Thermal Processes Using Bond Graphs
	Referent Wind Speed and Turbulence Intensity Estimation and on-Site Wind Turbines Classification
	Wind Load Modeling and Structural Responseof Guyed Mast.doc
	Numerical Investigation of Thermal Processes in Shell and Tube Heat Exchanger
	Numerical Investigation of the Influence of Tip Clearance on Reversible Axial Fan Characteristics
	Review of Critical Heat Flux Predictions
	Determination of centrifugal pump operating parameters in turbine operating regime
	Euler-Euler Granular Flow Model Applied on Numerical Simulation of Liquid Fuels Combustion in a Fluidized Bed
	A Parametric Study on Correlations for Transport Parameters in Fixed Bed Regenerators
	Numerical Prediction of Drag Coefficient for Lattice Structures
	Mathematical Models For Evaluating Evaporation Rates From Free Water Surface Of Indoor Swimming Pools
	Software for Testing the Heat Transfer and Pressure Drop in Vertical Thermosiphon Reboiler
	Numerical Simulation of Friction Stir Welding

	Experimental Investigation of Processes
	Experimental Plant for Testing of Agricultural Biomass Combustion
	Investigation of Wood Chips Combustion in Experimental Combustion Chamber
	Experimental and Numerical Study of Biomass Combustion in 50 kW Cigar Furnace
	Experimental and Numerical Research of Thermal Processes in The TST Tanks with Thermal Oil and a Phase Change Medium
	Determining the Theoretical Reliability Functions of the Thermal Power Systems in Power Plant Nikola Tesla A
	An Experimental Research of Effects of Adding a Supplementary
	Experimental Investigation of Flow-Thermal and Operating Properties of Adsorption Filter Prototype Under Climate

	Energy Efficiency in Industry, Buildings, Communal Systems and Traffic
	Survey of Potential Energy Savings in the Building Sector in Serbia and Needed Investments
	Possibilities of Applying Heta Lower Temperatures Level For Heating by Using Two-Stage Heat Pump
	Analysis of the Possibilities of Using Geothermal Heat Pumps in the Heating and Cooling Systems with Special Emphasis Spa Ilidža in Peć
	Usage of Low-temperature Energy from the Cooling Tower by applying Cascade Heat Pumps
	Refurbishment of Residential Buildings According to Regulation and Policy
	Impact of Insulation on School Building Energy Consumption
	Determining important factors for improving the energy efficiency, optimal economic and ecological characteristics of a building
	Building Facade with Temperature Barrier in Context of Increasing Building energy Efficiency
	Energy efficiency of thermal power plant depending on the hydraulic load of cooling tower
	Endogenous and Exogenous Exergy Destruction and Exergoeconomic Evaluation of Thermal Processes in a Complex Industrial Plant
	Introducing Curricula of Energy Efficiency and Renewable Energy Sources by Tempus Project ENERESE
	Energy Efficiency Increasing of Indoor Swimming Pools using Solar Technology
	Energy Efficiency Measures Implemented through Projects in Serbia
	Calibrating Building Energy Models – “FBB” Building Case Study
	Energy Efficiency of a Elementary School “Prva Vojvođanska Brigada”
	Energy-Efficient Technologies Applied in Zero Energy Buildings
	Analysis of the Natural Lighting and Energy Demand in the Student Dormitory in Terms of Architectural Design
	Principles of Design and Construction of Passive Houses
	Application of Passive Solar Systems in Architecture

	Expert Systems
	Governance of Energy Transition of Non-Residental Buildings by Policy Intervention
	Energy Systems and Their Use in Public Sector in Autonomous Province of Vojvodina
	Risk Analysis Methods for Small Hydro Power Plants in Creating Insurance Policy
	Optimization of Trigeneration Systems A Combinatorial Metaheuristic Approach
	Cogeneration and Heat Storage in Optimized District Heating Plants. Impact on Heat Costs and Primary Energy Consumption
	Particle Swarm Optimization for the optimal tilt angle of solar collectors
	Intelligent Contemporary Heating Control of an Amphitheatre
	Intelligent Control System for Thermal Vision-Based Person-Following Robot Platform
	Classification of Mobile Objects According to Shape and Size by Applying the Technique of Digital Image Processing
	Non-linear contrast image enhancement

	Flud Flow, Heat and Mass Transfer, and Combustion
	Protective Measures Against Water Hammer in a Long Pipeline Hydropower Plant with Pelton Turbine
	Flow and Heat Transfer of Three Immiscible Fluids in the Presence of Uniform Magnetic Field
	Influence of Water in Liquid Fuel on the Combustion Stability
	Influence of Burner Operating Parameters and Fuel Properties
	Combustion Experiments with Granular Biomass in a
	Determination of a Heat Transfer Coefficient for the Back Surface of a Perforated Plate
	Determination of a Perforated Plate Convective Heat Transfer Coefficient for Wide Range of Prandtl Numbers
	Research of Effectiveness of HHO Production for Use in Internal Combustion Engines
	Analysis of Thermodynamic Parameters in the Injection Mold with Metal Inserts

	Environmental Protection
	Carbon Dioxide Emission from TPP Nikola Tesla A and B units
	Reduction of Particulate Matter Emission of the Upgraded Electrostatic Precipitators at Unit B2 of the TPP “Nikola Tesla”
	Indoor Air Parameters Measurements in Kindergartens Located in Different Urban Environments
	The Environmental Indicators Related to Indoor Air Quality in Schools
	Indoor Air Pollution Modeling of Belgrade Typical Dwelling
	AHP Method for Waste Treatments Ranking in Terms of Impact on the Environment
	Effective and Environmental Parameters of Diesel Engines Using Biodiesel and Biodiesel – Petro Diesel Blends

	Author's Index

	Sponsor Pages 
	Back Cover



