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Definition of Engineering Design 

It is simply finding the appropriate size of an 

engineering system that satisfies 

predetermined outputs fulfilling the user 

needs under specific constraints 

imposed on the user, the designer or both.   
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ABET EAC Definition of 

Engineering Design 

Engineering design is the process of 

devising a system, component, or process 

to meet desired needs. It is a decision-

making process (often iterative), in which 

the basic sciences, mathematics, and the 

engineering sciences are applied to 

convert resources optimally to meet these 

stated needs.   

Heat Exchanger can be considered as a 

system or component. 
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Quality of the Engineering Design 

High Quality Design can be the system size that 

achieves all of the costumers and users needs 

satisfying all of imposed constraints at 

minimum cost. 

Acceptable Quality Design can be the system 

size that achieves direct users needs 

satisfying all of imposed constraints at 

available price.  
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Design of Heat Exchangers…1 

The size of heat exchanger includes its 

dimensions such as length, diameters, 

height, width, thickness, material type, flow 

configuration, number of heat exchanging 

units, fin distribution, ..etc.    
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Design of Heat Exchangers…2 

Outputs of heat exchangers include its heat 

duty (heat transfer rate), LMTD 

requirements (Log Mean Temperature 

Difference)….. 

 

Outputs are the process requirement 
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Design of Heat Exchangers…3 

User needs of heat exchanger include types of 

fluids, quality of fluids (fouled fluids, clean 

fluids,..etc.)..etc. 

 

Note that user needs are their outputs. The role 

of engineering designers is to convert the user 

needs into the heat exchanger outputs  
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Design of Heat Exchangers…4 

Constraints imposed on design of heat 
exchangers include the following: 

• Acoustic noise control during operation 

• Flow turbulence control during operation 

• Pumping power requirements 

• Spatial dimensions requirements 

• Availability of materials and standards 

• Availability of know and how technology  
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Acoustic Noise Constraints 

United States Department of Labor;  
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Noise and Vibration Design Guidance (1) 

http://uhaweb.hartford.edu/BEAUDRY/designguides/NCEDesignGuide_HVAC.pdf 
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Noise and Vibration Design Guidance (2) 

http://uhaweb.hartford.edu/BEAUDRY/designguides/NCEDesignGuide_HVAC.pdf 

…continued 
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Maximum Flow Velocities in Water 

Systems 

http://www.engineeringtoolbox.com/flow-velocity-water-pipes-d_385.html 
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Water Delivery Flow Velocities 

http://www.engineeringtoolbox.com/pump-delivery-flow-velocity-water-d_232.html 
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TEMA, Inc. Standards…. (1) 

TEMA, Inc.: Tabular Exchanger Manufacturers Association, Inc.  

http://www.tema.org/ 
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TEMA, Inc. Standards….(2) 

TEMA, Inc.: Tabular Exchanger Manufacturers Association, Inc.  

http://www.tema.org/ 
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TEMA, Inc. Standards….(3) 

http://www.tema.org/ 
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Basic Types of Heat Exchangers 

• Double-Pipe heat Exchangers 

• Shell-and-Tube Heat Exchangers 

• Compact Heat Exchangers 

• Gasketed-Plate Heat Exchangers 
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Double-Pipe heat Exchangers 

Incropera – Fundamentals of Heat and Mass Transfer, 6th Edition 
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Shell-and-Tube Heat Exchangers 

Incropera – Fundamentals of Heat and Mass Transfer, 6th Edition 
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Compact Heat Exchangers 

Incropera – Fundamentals of Heat and Mass Transfer, 6th Edition 
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Basic Design Methods of Heat 

Exchangers…..1 

LMTD  method 
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Basic Design Methods of Heat 

Exchangers…..2 

Incropera – Fundamentals of Heat and Mass Transfer, 6th Edition 
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Basic Design Methods of Heat 

Exchangers…..3 

-NTU  method 
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Incropera – Fundamentals of Heat and Mass Transfer, 6th Edition 
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Incropera – Fundamentals of Heat and Mass Transfer, 6th Edition 
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Basic Correlations used in 

Designing of Heat Exchangers…1  
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Basic Correlations used in 

Designing of Heat Exchangers…2  
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Basic Correlations used in 

Designing of Heat Exchangers…3  
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Basic Correlations used in 

Designing of Heat Exchangers…4  
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The Overall Heat Transfer Coefficient…1  
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The Overall Heat Transfer Coefficient…2  
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The Overall Heat Transfer Coefficient…3  
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The Overall Heat Transfer Coefficient…4  



35 

The Overall Heat Transfer Coefficient…5  
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International Engineering Standards…1  
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International Engineering Standards…2  
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International Engineering Standards…3  
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International Engineering Standards…4  
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International Engineering Standards…5  



41 

International Engineering Standards…6  
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Simplified Heat Exchanger Design 

Calculations…..1 

• If Inlet temperatures, mass flow rates 
and one of the outlets temperatures are 
known 

1. Calculate Q and the outlet temperature 
using energy conservation 

2. Calculate ∆Tlm by obtaining F and ∆Tlm,cf 

3. Calculate the overall heat transfer 
coefficient U 

4. Determine the surface area using the Q_ 
∆Tlm relationship 
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Simplified Heat Exchanger Design 

Calculations…..2 

• If Inlet and outlet temperatures and one 

mass flow rate are known 

1. Calculate Q and the remaining mass flow 

rate using energy conservation 

2. Calculate Qmax and  

3. Find out NTU from the NTU-  

relationships for different types of heat 

exchangers 

4. Determine the surface area 
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Basic Algorithms for Design of Heat 

Exchangers…(1) 
Problem Identification 

•converting users needs into outputs  

•Identifying imposed constraints 

•Determining the required quality of the design 

Selection of Tentative set of Design Parameters 

•Type of heat exchanger  

•Initial size of heat exchanger 

Rating of Tentative Design 

•Finding the outputs 

•Checking the constraints 

Is Rating of Heat Exchanger satisfying Outputs, 

Constraints and Required Quality? 

Mechanical Design Stage 

Yes 

Modify the 

Design 

Parameters 

No 

Manufacturing Stage 
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Basic Iterative Numerical Methodology  
Example: Double pipe and Shell-and-Tube Heat Exchangers 
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Cost of Heat Exchanger  

Cost of Energy (CE): 
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Cost of Manufacturing (CM): 

LengthmeterpericePrUnitCM 

Total Annual Cost (TAC): 

  n,iPACMCETAC 

Whrs: Working hours per day; Wdays: Working days per year; 

Unit Price: price of 1 kWhr  
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i: interest rate; 

n: worth years of the heat exchanger 
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Heat Exchanger Design Example..(a) 

Objective: 

Design a double pipe heat exchanger with bare inner multi-tubes that 

can be used to cool engine oil with cold sea water. The following are 

the design specification: 

Fluid Engine Oil Sea Water 

Inlet Temperature, C 65 20 

Outlet Temperature, C 55 25 

Heat Load, kW 117.9  

Preliminary design options:  

Three parallel x two series hairpin heat 

exchangers are used. 

The engine oil is selected to flow inside the 

tubes. 

Fig. 1: Preliminary design option for the hairpin sections 
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Heat Exchanger Design Example..(b) 
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Heat Exchanger Design Example..(c) 
Design constraints: 

Pressure drop constraints 

(related to mechanical and operational cost constraints) 

• The maximum pressure drop of oil must be smaller than 80 kPa. 

• The maximum pressure drop of sea water side must be smaller than 10 kPa. 

Spatial constraint 

(related to capital cost constraints) 

The maximum dimension of the heat exchanger must be smaller than 2.0 m. 

Cost constraint 

(related to capital and operational cost constraints) 

The operating cost including manufacturing cost must be smaller than 15,000 

SR/year. (Take: the price of 1kWhr of electrical energy is 0.2 SR, the pumps 

efficiency is 0.7, no. of working hours per day for the heat exchanger is 10 

hrs/day, no. of working days per year for the heat exchanger is 350 days/year) 

Material constraint 

(related to environmental constraints) 

Tubes must be made of steel, ksteel=18 W/mK. 
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Heat Exchanger Design Example..(d) 

Standards to be used: 
• The tubes and pipe dimensions are according to “Steel Pipe Dimensions 

AISI Schedule 40”. 

• The fouling factors are to be taken according to "TEMA" standards. 

Pipe Size  do di 

(in) (mm) (mm) 

0.375 17.272 12.446 

½ 21.336 15.748 

¾ 26.67 20.828 

1 33.528 26.67 

1 ¼ 42.164 35.052 

1 ½ 48.26 40.894 

2 60.452 52.578 

2 ½ 73.152 62.738 

3 88.9 77.978 

3 ½ 101.6 90.17 

4 114.3 102.362 

5 141.224 128.27 

6 168.402 154.178 

8 219.202 202.692 

Steel Pipe Dimensions AISI Schedule 40 
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Heat Exchanger Design Example..(e) 

Sol. no. D (inch) d (inch) Nt 
Unit price per meter* 

(SR/m) 

1 3 sch.40 

0.5 sch.40 

9 1500 

2 4 sch.40 14 2300 

3 6 sch.40 23 3800 

4 8 sch.40 30 5000 

*Consider the no. of worth years for the heat exchanger is 4 years with 

zero interest rate (i=0, n=4) 

Alternative Solutions: 
In the market, the following pipe dimensions are available and their 

expected unit prices are listed:   
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Heat Exchanger Design Example..(f) 

Sizing Sheets: 

Quantity Engine oil-i Sea water-o Unit 

mass flow rate 2.066246 1.963037 kg/s 

T1 65.000000 20.000000 ◦C 

T2 55.000001 25.000000 ◦C 

cp 1902.000000 4004.000000 J/kg/K 

 0.075000 0.000964 Pa.s 

s 0.197000 0.000703 Pa.s 

k 0.144200 0.638900 W/m/K 

Pr 1050.000000 6.290000   

 885.270000 1013.400000 kg/m3 
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Heat Exchanger Design Example..(g) 
Sizing Sheets: 

kt 18.0 W/m/K 

Qtotal 117900.0 W 

NHPparallel 3 

NHPseries 2 

Q per two hairpins 39300.0 W 

Tlm.cf 37.444379 ◦C 

Lestimated %Error % 

less 

than 

L1 4.360417 m 0.023470 % 0.10 % 

L2 2.886566 m 0.019095 % 0.10 % 

L3 1.986342 m 0.011529 % 0.10 % 

L4 1.809555 m 0.005738 % 0.10 % 
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Heat Exchanger Design Example..(h) 
Sizing Sheets: 

Di do di Nt 

m m m 

Size no. (1) 0.077978 0.021336 0.015748 9 

Size no. (2) 0.102362 0.021336 0.015748 14 

Size no. (3) 0.154178 0.021336 0.015748 23 

Size no. (4) 0.202692 0.021336 0.015748 30 

umi Rei fai Nuiavg hi 

m/s W/m2/K 

1.331445 247.493057 0.064648 15.907898 145.664142 

0.855929 159.102680 0.100564 15.753116 144.246845 

0.521000 96.845109 0.165212 15.121994 138.467835 

0.399433 74.247917 0.215494 14.277055 130.730968 
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Heat Exchanger Design Example..(i) 
Sizing Sheets: 

Aco Pwo Pho Dho Deo 

m2 m m m m 

0.001558 0.848236 0.603261 0.007346 0.010330 

0.003224 1.259986 0.938406 0.010235 0.013742 

0.010446 2.026032 1.541667 0.020624 0.027104 

0.021541 2.647646 2.010871 0.032544 0.042850 

umo Reo fao Nuo ho 

m/s W/m2/K 

1.243414 9602.726967 0.007960 73.531205 4547.975888 

0.600845 6464.660397 0.008928 50.428540 2344.526224 

0.185432 4020.361861 0.010343 30.715387 724.028688 

0.089924 3076.461352 0.011294 22.365887 333.480320 
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Heat Exchanger Design Example..(j) 
Sizing Sheets: 

1/Uoc Uoc Rfi Rfo Rft 

m2K/W W/m2/K m2K/W m2K/W m2K/W 

0.009701 103.082434 0.000176 0.000088 0.000326 

0.009999 100.009907 0.000176 0.000088 0.000326 

0.011346 88.139550 0.000176 0.000088 0.000326 

0.013542 73.843116 0.000176 0.000088 0.000326 

1/Uof Uof Aof L 

m2K/W W/m2/K m2 m CF 

0.010027 99.726495 10.524352 4.361441 0.967444 

0.010325 96.847976 10.837157 2.887118 0.968384 

0.011672 85.674415 12.250527 1.986571 0.972031 

0.013869 72.104939 14.555962 1.809659 0.976461 
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Heat Exchanger Design Example..(k) 
Sizing Sheets: 

∆pi ∆pi ∆po ∆po Pi 

Pa kPa Pa kPa W 

230280.968092 230.280968 64718.856051 64.718856 767.832235 

97928.227412 97.928227 8651.988187 8.651988 326.524812 

40905.782168 40.905782 399.691991 0.399692 136.393287 

28475.241873 28.475242 69.851256 0.069851 94.945791 

Po Pt 

Elec. Energy 

consumption Energy Cost 

W W kWhr/year SR/year 

179.093725 946.925960 3314.240860 1988.544516 

23.942277 350.467089 1226.634811 735.980887 

1.106051 137.499337 481.247681 288.748609 

0.193296 95.139087 332.986805 199.792083 
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Heat Exchanger Design Example..(l) 
Sizing Sheets: 

Unit Price/m Annual worth of the unit* 

Total Annual Cost 

(TAC)** 

SR/m SR/year SR/year 

1500 9813.241923 11801.786439 

2300 9960.555532 10696.536419 

3800 11323.454124 11612.202733 

5000 13572.443579 13772.235662 

Decision Reasons 

Size no. (1) Rejected  
dPi>limit, dPo>limit, 

L>limit 

Size no. (2) Rejected  dPi>limit, L>limit 

Size no. (3) Accept 
Optimum-size (design) based 

on minimum cost criterion 

Size no. (4) Accept 



61 

References 
• F. P. Incorpera, D. P. DeWitt, T. L. Bergman, A. S. Lavine, “Fundamentals of Heat and 

Mass Transfer-7th Edition”, John Wiley, New, 2011, New York. 

• R. K. Shah, D. P. Sekulic, Fundamental of Heat Exchanger Design, John Wiley, 2003, 

New York. 

• S. Kaka, H. Liu, Heat Exchangers: Selection, Rating, and Thermal Design, CRC Press, 

2002, Florida. 

• http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditati

on_Documents/Current/2014_-_2015/E001%2014-15%20EAC%20Criteria%203-13-

14%282%29.pdf 

• http://www.engineeringtoolbox.com/pump-delivery-flow-velocity-water-

d_232.html 

• http://www.engineeringtoolbox.com/flow-velocity-water-pipes-d_385.html 

• http://uhaweb.hartford.edu/BEAUDRY/designguides/NCEDesignGuide_HVA

C.pdf 

• United States Department of Labor 

http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://www.abet.org/uploadedFiles/Accreditation/Accreditation_Step_by_Step/Accreditation_Documents/Current/2014_-_2015/E001 14-15 EAC Criteria 3-13-14%282%29.pdf
http://uhaweb.hartford.edu/BEAUDRY/designguides/NCEDesignGuide_HVAC.pdf
http://uhaweb.hartford.edu/BEAUDRY/designguides/NCEDesignGuide_HVAC.pdf

