
AutoTherm Heat Transfer Tools – Validation and Tutorials 

 

List of Heat Transfer Tools: 

01: Heat Conduction Composite Systems (Walls/Cylinders/Spheres) 

02: K effective Parallel/Series 

03: K effective Vias 

04: Conduction with Uniform Heat Generation (Walls/Cylinders/Spheres) 

05: Fin Efficiency/Effectiveness 

06: Heat Sink Analysis 

07: Multidimensional Heat Transfer in Common Configurations  

08: Lumped Capacity (Constant Ambient Temperature/ varying Ambient Temperature) 

09: Transient Conduction (Walls, Cylinders, Spheres) 

10: Semi-Infinite Solids 

11: Contact of Two Semi-Infinite Solids  

12: Flat Plate in Parallel Flow 

13: Flow Over 3D Bodies 

14: Flow Over Tube Banks 

15: Internal Flow Heat Transfer 

16: Natural Convection over Bodies 

17: Natural Convection Vertical Channels 

18: Heat Exchanger Epsilon/NTU Calculator 

19: Heat Exchanger Performance Analysis Tool 

20: Radiation View factor Calculator 

 

HT-01: Heat Conduction Composite Systems (Walls/Cylinders/Spheres)

 

 



 

Example – Composite Wall: 

 A 0.8 m by 1.5 m glass window (thermal conductivity of 0.78 W/m.K) with a thickness of 8 mm.  

Assume the interior of the room is maintained at 20 °C with natural convection heat transfer 

coefficient of 10 W/m2.K, and the external ambient at -10 °C with heat transfer coefficient of 40 

W/m2.K (which include thermal radiation effects).  Determine the steady rate of heat transfer 

through this window and the temperature of its inner surface for the following two conditions: 

a) Single pane with a thickness of 8 mm. 

b) Double-pane consisting of two 4-mm thick glass 

layers separated by 10-mm thick stagnant 

airspace. 

 

Solution: 

a) Single pane 

₋ Open “Heat Conduction Composite Systems” Panel:  

 

₋ Select Plane Wall (default) and set number of layers to “1” (for Case-a) and click Initialize. 

 

₋ Set Width and Length to 0.8 m and 1.5 m 

 

₋ Set values for Left BC (h=10 W/m2.K, Tamb=20 °C), and Right BC (h=40 W/m2.K, Tamb=-10 °C) 

 

₋ Change Layers thickness unit to mm; and for Layer_1 enter Therm. Cond=0.78 and Thickness=8 

₋ Click Update to solve.   The finished form with results is shown below: 



 

 

The heat flux is 221.8 W/m2.  The total rate of heat transfer through the window is 266.2 W.  The 

surface temperature at the inside wall is -2.19 °C, as shown under TLeft above. 

 

b) Double-pane 

• Change No. of Layers to 3 and click Initialize. 

• Now, enter thermal conductivity and thickness for all layers, as shown below. 

 

• Click Update to solve.   The finished form with results is shown below: 

 

 

For this case, the heat flux is 57.7 W/m2, and the rate of heat transfer through the window is 69.24 

W.  The surface temperature at the inside wall is 14.23 °C, as shown under TLeft in the first row above.  

Note, considerably better performance with the double-pane window. 

<<End-of-Tutorial>> 

 

HT-01b:  

Example – Composite Cylinder: 



Steam at 320 °C flows in a 5-cm diameter cast iron pipe (k=80 W/m.K) with wall thickness of 0.25 cm.  

The pipe is covered with 3-cm-thick glass wool insulation (k=0.05 W/m.K).  Assuming internal heat 

transfer coefficient of 60 W/m2°C and external ambient at 5 °C with heat transfer coefficient of 18 

W/m2°C, determine the rate of heat loss from the pipe per unit length and temperature drops across 

the pipe shell and the insulation. 

 

Solution: 

 

₋ Open “Heat Conduction Composite Systems” Panel:  

 

₋ Select Cylinder and set number of layers to “2” and click Initialize. 

 

₋ Set values for Left BC (h=60 W/m2.K, Tamb=320 °C), and Right BC (h=18 W/m2.K, Tamb=5 °C) 

 

₋ Set r0=2.5 cm and length, L=1 m (default). 

 
₋ Change Layers thickness unit to mm; and for Layer_1 enter Therm. Cond=0.78 and Thickness=8 

₋ Now, enter thermal conductivity and thickness for all layers, as shown below: 

 
 

₋ Click Update to solve.   The finished form with results is shown below 



 

 

The rate of heat transfer from the pipe is 120.8 W.  The temperature drop across the shell is 

307.18 − 307.16 = .02 °C, and the temperature drop across the insulation is 307.16 − 23.17 =

283.59 °𝐶. 

<<End-of-Tutorial>> 

HT-01c:  

Example – Composite Sphere: 

A stainless-steel spherical tank (k=15 W/m.K), with 3 m internal diameter of and 2 cm thickness, is 

used to store ice water at 0 °C. If the environment is at 22 °C, and assuming 80 W/m2°C and 16 

W/m2°C for internal and external heat transfer coefficients, determine the rate of transfer into the 

container. 

 

Solution: 

 

₋ Open “Heat Conduction Composite Systems” Panel:  

 

₋ Select Sphere and set number of layers to “1” and click Initialize. 

 

₋ Set values for Left BC (h=80 W/m2.K, Tamb=0 °C), and Right BC (h=16 W/m2.K, Tamb=22 °C) 

 

₋ Set r0=1.5 cm. 



 
₋  

₋ Keep Layers thickness unit to cm; and for Layer_1 enter Therm. Cond=15 and Thickness=3 

 
₋  

₋ Click Update to solve.   The finished form with results is shown below 

 

 

The rate of heat transfer into the pipe is 8329.1W (negative sign indicated heat transfer in -r 

direction, or into the sphere).   

<<End-of-Tutorial>> 

HT-02: K effective Parallel/Series 

 

 

Example:  

Consider a 0.096-inch-thick PCB, with two 2-oz-cu layers and three 1-oz-cu layers.  Determine in-

plane and thru-plane effective thermal conductivities for this board.  Assume the board is made pf 

FR4 (k=0.35 W/m.K) and copper conductivity is 390 W/m.K. 

 

Solution: 



 

₋ Open “Effective Thermal Conductivity” Panel:  

 

₋ Enter “2” for No. of Groups and click Initialize. 

 

₋ Set values for each group (number of layers, thermal conductivity and thickness) 

 

₋ Enter values for board thickness and conductivity. 

 
₋ Click Update to solve.   The finished form with results is shown below 

 

The in-plane conductivity is 39.28 W/m.K and thru-plane conductivity is 0.39 W/m.K (dominated by 

board conductivity for series resistance).   

<<End-of-Tutorial>> 

HT-03: K effective Vias 

Example: Thermal vias are placed underneath an electronic component to enhance heat transfer 

through the PCB into a heat sink below.  Determine the effective thermal conductivity through the 

PCB assuming  

₋ Via region: 0.65 in x 0.4 in 

₋ Via inside diameter: 0.3 mm  

₋ Barrel wall thickness = 1 oz-copper 

₋ Via spacing 1 mm.  

 

Solution: 

 

₋ Open “Effective Conductivity - Vias” Panel:  

 

₋ Choose Via Spacing option and enter the following parameters: 

Via Inner Diameter = 0.3 mm 

Via Wall Thickness = 1 oz-cu 

Via Conductivity (Kv) = 395 W/m.K (Default) 

Filler Conductivity (Kf) = 0.03 W/m.K (Default) 

Back Conductivity (Kb) = 0.35 W/m.K (Default) 



L = 0.65 in 

W = 0.4 in 

₋ Click Update to solve.   The finished form with results is shown below 

 

The calculated thru-board conductivity is 14.107 W/m.K.  Note that this analysis assumes unfilled vias 

(air conductivity of 0.03 W/m.K is used by default). 

<<End-of-Tutorial>> 

HT04: Conduction with Uniform Heat Generation (Walls/Cylinders/Spheres) 

Example: Composite wall with Heat Generation: [Source: Bergman-Lavine Example 3.7] 

A plane wall of material A has uniform heat generation 1.50 MW/m3, kA = 75 W/m ⋅ K, and thickness 

LA = 50 mm. The outer surface of the wall (larger x value) is cooled by a water stream with a 

temperature of 30 °C and heat transfer coefficient of 1000 W/m2.K. Determine the inner wall 

temperature for the following three scenarios. 

 

 

Solution: 

 



 

 

 



 

 

Example: Water-Cooled Fuel Rod [Source: Cengel-Ghagar Problem 2.104] 

A cylindrical fuel rod (k = 30 W/m.K) 2 cm in diameter is encased in a concentric tube and cooled by 

water. The fuel rod generates heat uniformly at a rate of 100 MW/m3, and the average temperature 

of the cooling water is 75C with a convection heat transfer coefficient of 2500 W/m2.K. The 

operating pressure of the cooling water is such that the surface temperature of the fuel rod must be 

kept below 200℃ to prevent the cooling water from reaching the critical heat flux (CHF). The critical 

heat flux is a thermal limit at which a boiling crisis can occur that causes overheating on the fuel rod 

surface and leads to damage. Determine the variation of temperature in the fuel rod and the 

temperature of the fuel rod surface. Is the surface of the fuel rod adequately cooled? 

 

Solution: 

 

 

 



 

 

Example: Water-Cooled Fuel Rod [Source: Cengel-Ghagar Problem 2.104 - Modified] 

Repeat the above example with added inner cooling channel of 2 cm, cooling water at 75 °C with a 

convection heat transfer coefficient of 2500 W/m2.K.  Assume the fuel rod has an inner radius of 1 

cm and the outer radius determined to keep the total volume (and therefore, heat dissipation) 

unchanged.  Assume the external surface of the rod is exposed to an identical convective 

environment. 

 

Solution: 

 



 

 

 

Example: Electrical Resistance wire with Insulation [Source: Cengel-Ghagar Problem 2.105 - 

Modified] 

A long electrical resistance wire of radius r1 = 0.2 cm has a thermal conductivity kw= 15 W/m.K. Heat 

is generated uniformly in the wire as a result of resistance heating at a constant rate of 1.2 W/cm3. 

The wire is covered with polyethylene insulation with a thickness of 0.5 cm and thermal conductivity 

of kins = 0.4 W/m.K. The outer surface of the insulation is subjected to convection and radiation with 

the surroundings at 20 °C. The combined convection and radiation heat transfer coefficients is 7 

W/m2.K. Determine the temperature at the interface of the wire and the insulation and the 

temperature at the center of the wire. The ASTM D1351 standard specifies that thermoplastic 

polyethylene insulation is suitable for use on electrical wire with operation at temperatures up to 

75C. Under these conditions, does the polyethylene insulation for the wire meet the ASTM D1351 

standard? 

 

Solution: 

 



 

 

 

 



 

Example:  

Consider a homogeneous spherical piece of radioactive material of radius ro = 0.04 m that is 

generating heat at a constant rate of egen = 4 x 107 W/m3. The heat generated is dissipated to the 

environment steadily. The outer surface of the sphere is maintained at a uniform temperature of 

80C, and the thermal conductivity of the sphere is k = 15 W/m.K. Assuming steady one-dimensional 

heat transfer, determine the temperature at the center of the sphere. 

 

Solution: 

 

 



 

HT-05: Fin Efficiency/Effectiveness 

Example: A heat sink utilizes aluminum 2024-T6 (k = 186 W/m ⋅ K) pin fins of parabolic profile with 

blunt tips.  Each fin has a length of 20 mm and a base diameter of 5 mm.  If the fins are in an 

environment with heat transfer coefficient of 20 W/m2 ⋅ K, determine the efficiency and 

effectiveness for each fin. 

 

Solution: 

₋ Open “Fin Efficiency” Panel:  

 

₋ Choose f) Cone with blunt tip from the fin type combo list 

₋ Enter the following parameters: 

k = 186 W/m.K 

h = 20 W/m2 ⋅ K 

L = 20 mm 

D= 5 mm 

₋ Click Update to solve.   The finished form with results is shown below 



 

The fin efficiency is 96.67% and the effectiveness is calculated to be 10.37. 

 

HT-06: Heat Sink Analysis 

Example – THERMOELECTRIC HEAT SINK [Source: Nellis & Klein Example 1.6-2] 

Heat rejection from a thermoelectric cooling device is accomplished using a 10 × 10 array of 1.5 mm 

diameter pin fins that are 15 mm long. The fins are attached to a square base plate that is 3 cm on 

each side and 2 mm thick, as shown below. The conductivity of the fin material is 70W/m-K and the 

thermal conductivity of the base material is 25W/m-K. There is a contact resistance of 1×10−4 m2-

K/W at the interface between the base of the fins and the base plate. The hot end of the 

thermoelectric cooler is at 30◦C and the surrounding air temperature is 20◦C. The average heat 

transfer coefficient between the air and the surface of the heat sink is h = 50 W/m2-K.  

a) What is the total thermal resistance between the hot end of the thermoelectric cooler and the air?  

b) What is the rate of heat rejection that can be accomplished under these conditions? 

 

Solution: 

 

 



 

 

 

HT-07: Multidimensional Heat Transfer in Common Configurations  

Example: Hot water at 53 °C flows through a 5-m long section of a thin-walled hot water pipe at an 

average velocity of 5 m/s.  The pipe passes through the center of a 14-cm thick wall filled with 

fiberglass (k = 0.035 W/m ⋅ K) insulation.  Assuming the surfaces of the wall are at 18 °C, determine a) 

the rate of heat transfer from the pipe to the air in the rooms and b) the temperature drop of the hot 

water as it flows through the pipe are to be determined. 

 

Solution: 

 

₋ Open “Common Configuration/Shape Factor” Panel:  

 

 

₋ Choose configuration f) from the Shape Factors combo list 

  



₋ Enter input in given units: 

₋  
₋  

₋ a) Click Update to the rate of heat transfer from the pipe to the air in the rooms. 

₋  

 
₋ The results (shown above) indicate the heat loss from the pipe is 19.6 W. 

₋ b) to calculate the temperature drop, we will perform an energy balance on the pipe: 

 

<<End-of-Tutorial>> 

HT-08: Lumped Capacity (Constant Ambient Temperature/ Varying Ambient Temperature) 

Example – Thermal Response of Thermocouple [Source: Bergman-Lavine Example 5.1] 

A thermocouple junction, which may be approximated as a sphere, is to be used for temperature 

measurement in a gas stream. The convection coefficient between the junction surface and the gas is 

h = 400 W/m2.K, and the junction thermophysical properties are k = 20 W/m.K, c = 400 J/kg.K, and ρ 

= 8500 kg/m3. Assuming the junction diameter of the thermocouple to be 0.8 mm and initial 

temperature, Ti=25 °C.  

a) temperature versus time for eight seconds. 

b) Determine the junction temperature at time t=1 s. 

c) Determine how long it will take for the junction to reach 198 °C. 

 

Solution: 

 



 

 

 

Example – Thermal Response of Thermocouple in a Thermal Chamber 

Consider a 5-inch solid metallic ball made of Aluminum_6061-T6 at initially at 85 °C in a thermal 

chamber with a heat transfer coefficient h=250 W/mK. Plot the sphere temperature versus time with 

varying chamber temperature profile shown below. 

 

Time (min) Temperature (°C)
0 85

10 -50
30 -50
40 85
60 85



 

 

 

  

HT-09: Transient Conduction (Walls, Cylinders, Spheres) 

Example – Plate: Heating of a Steel Pipeline [Source: Bergman-Lavine Example 7.7] 

Consider a 1-m diameter steel pipeline (AISI 1010) with a wall thickness of 40 mm. The pipe is heavily 

insulated on the outside, and is initially at a uniform temperature of −20°C. With the initiation of 

flow, hot oil at 60°C is pumped through the pipe, creating a convective condition corresponding to h 

= 500 W/m2 ⋅ K at the inner surface of the pipe.   



a. Determine the temperature of the exterior pipe surface covered by the insulation at t = 8 min? 

b. How much energy per meter of pipe length has been transferred from the oil to the pipe at t = 8 

min? 

 

Solution: 

 

• Open “Transient Conduction” Tool 

 

• Click Update and Solve 

 

 

Comments: 

1. The Biot number, Bi=0.313 and the Fourier number Fo=5.64 

2. The “Center Temperature” refers to the temperature at the center of a wall with thickness 2L.  

Here, it indicates the temperature at the insulated side of the wall. 

3. The “Total Energy Gain” of -5.457E+07 J is the energy gained by a wall of thickness 2L during the 

period of 8 minutes.  Here, since we the wall has an insulated side (L), the total energy gain will be 

half of this value; Qtot=-2.73E+07 J per meter of the pipe. The negative sign implies heat transfer 

into the pipe from the oil  

4. Temperature at x/L=1 (45.46 °C) represents the temperature on the surface that is exposed to the 

oil. 

 

Example – Long Cylinder: Cooling of a Long Stainless-Steel Cylindrical Shaft [Source: Cengel-Ghagar 

Example 4.4]  



A long 20-cm diameter cylindrical shaft made of stainless-steel 304 is out of an oven at a uniform 

temperature of 600 °C.  The shaft is then allowed to cool in an environmental chamber at 200 °C and 

a heat transfer coefficient of 80 W/m2.K. Determine a) the temperature at the center of the shaft 

after 45 minutes and b) total amount of heat transferred from the shaft to the air during the cooling 

process per unit length.  

 

Solution: 

 

• Open “Transient Conduction” Tool 

 

• Click Update and Solve 

 

 

Comments: 

1. The Biot number, Bi=0.537and the Fourier number Fo=1.068 

2. The “Center Temperature” refers to the temperature at the center of the cylinder is 362.83 °C. 

3. The “Total Energy Gain”; Qtot=3.028E+07 J per meter of the pipe.  

4. The surface temperature (r/r0=1) is calculated to be 326.45.  

 

Example – Sphere: Boiling of Egg 

An egg may be modeled as a spherical object of 5-cm diameter (ρ=1000 kg/m3, cp=4150 J/kg.°C, 

k=0.627 W/m.K).  Determine the temperature at the center of an egg after 14 minutes in boiling 



water at 95 °C.  Assume the egg is initially at 5 °C and the convection heat transfer coefficient of the 

boiling water to be 1200 W/m2.K. 

 

Solution: 

 

• Open “Transient Conduction” Tool 

 

 

• Click Update and Solve 

 

 

Comments: 

1. The Biot number, Bi=48.15 and the Fourier number Fo=0.202 

2. The “Center Temperature” is 71.7 °C. 

3. The surface temperature of the egg is calculated to be 93.9 °C. 

4. The “Total Energy Gain”; Qtot=2.244E+04 J into the egg. 

5. The surface temperature (r/r0=1) is calculated to be 93.88.  

 

Example – Short Cylinder: Cooling of a Brass Bar 

A short 10-cm diameter brass cylinder with the height H = 12 cm is initially at a uniform temperature 

Ti = 120C. The cylinder is now placed in atmospheric air at 25℃, where heat transfer takes place by 

Convection, with a heat transfer coefficient of h = 60 W/m2.K. Calculate the temperature at (a) the 



center of the cylinder and (b) the center of the top surface of the cylinder 15 min after the start of 

the cooling. 

 

Solution: 

 

HT-10: Semi-Infinite Solids 

Example – Burial Depth of Pipes to Avoid Freezing 

The ground at a particular location is covered with snowpack at -10℃ for a continuous period of 

three months (90 × 24 = 2160 ℎ𝑜𝑢𝑟𝑠), and the average soil properties at that location are k = 0.4 

W/m.K, 𝜌=8333.3 kg/ m3 ,and cp =320 J/kg.K. Assuming an initial uniform temperature of 15 ℃ for 

the ground, determine a water pipe will freeze at the burial depth of 80 cm during the 3 month 

period. Repeat the simulation using the depth of 500 cm and notice. 

 

 

 



 
 

Example – Surface temperature rise of Heated Block 

A thick, black-painted wood block (𝑘 = 0.159
𝑊

𝑚.𝐾
 , 𝜌 = 721

𝑚3

𝑘𝑔
, 𝑐𝑝 = 1260 

𝐽

𝑘𝑔.𝐾
 ) at 20 ℃ is 

subjected to constant solar heat flux of 1250 W/m2.  

1) Determine the exposed surface temperature of the block after 20 minutes. Plot results to 20 cm 

into the block. 

2) Repeat for block made of pure aluminum, and Plot results to 100 cm into the block. 

 

 

    



 
 

Example – Compliance of ASME Codes for Bolts Exposed to Cryogenic Fluid 

A series of long stainless-steel bolts (ASTM A437 B4B) are fastened into a thick metal plate. The metal 

plate has a thermal conductivity of 16.3 W/m.K, a specific heat of 500 J/kg .K, and a density of 8 

g/cm3. The upper surface of the plate is occasionally exposed to cryogenic fluid at -70℃ with a 

convection heat transfer coefficient of 300 W/m2.K. The bolts are fastened into the metal plate from 

the bottom surface, and the distance measured from the plate's upper surface to the bolt tips is L = 1 

cm. The ASME Code for Process Piping limits the minimum suitable temperature for ASTM A437 B4B 

stainless steel bolt to -30 °C.  If the initial temperature of the plate is 10℃ and the plate's upper 

surface is exposed to the cryogenic fluid for 30 minutes, would the bolts fastened in the plate still 

comply with the ASME code? 

 

 HT-11: Contact of Two Semi-Infinite Solids  

 

HT-12: Flat Plate in Parallel Flow  

Example – Flow of Hot Oil Over a Flat Plate 

Engine oil at 60℃ flows over the upper surface of a 5-m-long flat plate whose temperature is 20℃ 

with a velocity of 2 m/s. Determine the total drag force and the rate of heat transfer per unit width 

of the entire plate. 

 

HT-13: Flow Over 3D Bodies 

Example – Heating of Horizontal Cylinder in Cross Flow 

Experiments have been conducted using a metallic cylinder 12.7 mm in diameter and 94 mm long. 

The cylinder is heated internally by an electrical heater and is subjected to a cross flow of air in a low-

speed wind tunnel. Under a specific set of operating conditions for which the upstream air velocity 

and temperature were maintained at V = 10 m/s and 26.2°C, respectively, the heater power 

dissipation was measured to be P = 46 W, while the average cylinder surface temperature was 

determined to be Ts = 128.4°C.  Assuming that 15% of the power dissipation is lost through the 

cumulative effects of surface radiation and conduction through the endpieces: 

a) Determine the convection heat transfer coefficient from the experimental observations. 

b) Compare the experimental result with the convection coefficient computed from the correlation. 

 
b) To obtain the heat transfer coefficient using the correlation, open “Flow Over 3D Bodies Tool” 



 
• Click Update and Solve 

 
 

Comments: 

1. The Reynolds number, ReD=6059. 

2. The Nusselt number, Nu=40.6. 

3. The average heat transfer coefficient is evaluated to be 95.6 W/m2.K.  This is very close (about 6% 

difference) to the experimentally determined value of 102 W/m2.K. 

4. The theoretically calculated rate of heat transfer from the rod is 40.69 W, which is very close to 

the experimentally measured value of 39.1 W.  

 

Solution: 

 

HT-14: Flow Over Tube Banks 

The following three examples illustrate how to solve heat transfer problems involving flow across tube banks in 

both in-line and staggered configurations.  

 

Example – Preheating Water in a Bank Tube [Source: Cengel-Ghagar Example 7.8] 

In an industrial facility, air is to be preheated before entering a furnace by geothermal water at 120 

°C flowing through the tubes of a tube bank located in a duct. Air enters the duct at 20 °C and 1 atm 

with a mean velocity of 4.5 m/s and flows over the tubes in normal direction. The outer diameter of 

the tubes is 1.5 cm, and the tubes are arranged in-line with longitudinal and transverse pitches of SL= 

ST = 5 cm. There are 6 rows in the flow direction with 10 tubes in each row. Determine the rate of 

heat transfer per unit length of the tubes and the pressure drop across the tube bank. 

 



Solution: 

 

• Open “Flow over Tube Banks” Tool 

 

• Click Update and Solve 

 

Comments: 

5. The Reynolds number, Re=6150 and it is based on Vmax 

6. Average heat transfer coefficient is 96.2 W/m.K 

7. Air exit temperature is 29.6 °C 

8. Heat transfer into air is 25888.1 W (25.8 kW) 

9. Pressure drop across the bank can be calculated to be 23.2 Pa, by multiplying Dp/xf value of 

145.66 Pa by the product of the friction factor and the correction factor (roughly 0.16 and 1.0 

from the chart). 

10. Note that, following the solution process, values fluid thermal properties are displayed 

corresponding to the latest updated film temperature. The user can use fixed properties by 

selecting “Enter Properties” option. 

11. 𝜌𝑖 (1.193 shown in the first density box) represents the value of density at the inlet (evaluated 

using inlet temperature).  This value is used to determine the mass flow rate through the bank. 

 

 

Example – Air Heating by Steam Tubes [Source: Cengel-Ghagar Problem 7.112] 



Air is to be heated by passing it over a bank of 3-m-long tubes inside which steam is condensing at 

100 °C. Air approaches the tube bank in the normal direction at 20 °C and 1 atm with a mean velocity 

of 5.2 m/s. The outer diameter of the tubes is 1.6 cm, and the tubes are staggered with longitudinal 

and transverse pitches of S = ST = 4 cm. There are 20 rows in the flow direction with 10 tubes in each 

row. Determine the rate of heat transfer. 

 

Solution: 

• Open “Flow over Tube Banks” Tool 

 
 

Note that, for this example, user properties (fixed properties) are used instead of fluid selection. 

• Click Update and Solve 

 

 
 

Comments: 

1. The Reynolds number, Re=8379 is based on Vmax 

2. Average heat transfer coefficient is 117.6 W/m.K 

3. Air exit temperature is 49.9 °C 

4. Heat transfer into air is 226564.4 W (22.7 kW) 



5. Pressure drop across the bank can be calculated to be 283.8 Pa, by multiplying Dp/xf value of 

860.022 Pa by the product of the friction factor and the correction factor (roughly 0.33 and 1.0 

from the chart). 

 

Example 7.7– Space Heating Using Pressurized Water [Source: Bergman-Lavine Example 7.7] 

Pressurized water is often available at elevated temperatures and may be used for space heating or 

industrial process applications. In such cases it is customary to use a tube bundle in which the water 

is passed through the tubes, while air is passed in cross flow over the tubes. Consider a staggered 

arrangement for which the tube outside diameter is 16.4 mm and the longitudinal and transverse 

pitches are SL = 34.3 mm and ST = 31.3 mm. There are seven rows of tubes in the airflow direction 

and eight tubes per row. Under typical operating conditions the cylinder surface temperature is at 70 

°C, while the air upstream temperature and velocity are 15 °C and 6 m/s, respectively. Determine the 

air-side convection coefficient and the rate of heat transfer for the tube bundle.  

 

Solution: 

 

• Open “Flow over Tube Banks” Tool 

 
• Click Update and Solve 

 



 

Comments: 

1. The Reynolds number, Re, is 13,579 and it is based on Vmax 

2. Average heat transfer coefficient is 138.7 W/m.K 

3. Air exit temperature is 25.7 °C 

4. Heat transfer into air is 19,777 W (19.8 kW) 

5. Pressure-drop across the bank can be calculated to be 241.15 Pa, by multiplying Dp/xf value of 

662.49 Pa by the product of the friction factor and the correction factor (roughly 0.332 and 1.04 

from the chart). 

6. Note that, following the solution process, values fluid thermal properties are displayed 

corresponding to the latest updated film temperature.  

 

 

HT-15: Internal Flow Heat Transfer 

 

Example – Developing laminar Flow of Oil in a Pipeline Through a Lake [Source: Cengel-Ghagar 

Example 8.3] 

Consider the flow of oil at 20 °C in a 30-cm-diameter pipeline at an average velocity of 2 m/s. A 200-

m-long section of the horizontal pipeline passes through icy waters of a lake at 0C. Measurements 

indicate that the surface temperature of the pipe is very nearly 0 °C. Disregarding the thermal 

resistance of the pipe material, determine (a) the temperature of the oil when the pipe leaves the 

lake, (b) the rate of heat transfer from the oil, and (e) the pumping power required to overcome the 

pressure losses and to maintain the flow of the oil in the pipe. 

 

Solution: 

 

 

 



 

 
 

Example – Developing Laminar Flow with Uniform Heat Flux – [Source: Lienhard Example 7.2] 

 A fully developed flow of air at 27C moves at 2 m/s in a 1 cm I.D. pipe. An electric resistance heater 

surrounds the last 20 cm of the pipe and supplies a constant heat flux to bring the air out at Tb = 

40C. What power input is needed to do this? What will be the wall temperature at the exit? 

 

Example – Low Prandtl Number Flow – Liquid Mercury Flow in a Pipe [Source: Cengel-Ghagar 

Problem 8.125] 

Liquid mercury flows at 0.6 kg/s through a 5-cm diameter tube, with inlet mean temperature of 100 °C. The tube 

surface temperature is kept constant at 250 °C.  

a) Determine the outlet mean temperature at x=50 cm. 

b) Determine the rate of heat transfer to mercury for this length of pipe. 

 

 

Example – Prescribed External Temperature and Convection Coefficient – Hot Air in Cold Ambient 

Environment [Source: Bergman-Lavine Example 8.6] 

Hot air, with an inlet temperature of 103°C, flows with a mass rate of 0.050 kg/s through an 

uninsulated sheet metal duct of diameter D = 0.15 m and L = 5 m, which is in the crawlspace of a 

house. The heat transfer coefficient between the duct outer surface and the ambient air at T∞ = 0°C 

is known to be hext = 6 W/(m2 ⋅ K). 

1) Calculate the rate of heat loss (W) from the duct over the length L.  

2) Determine the heat flux and the duct surface temperature at x = L. 

 

HT-16: Natural Convection over Bodies 

Example – Vertical Flat Plate – [Source: Nellis and Klein Example 6.2-1 Modified] 

A rectangular plate heater is placed in the ullage space of a fuel tank on a military aircraft (as shown 

below). One side of the heater is insulated and the other is heated. The heater is oriented vertically 

with respect to gravity and achieves a nearly uniform temperature. The length of the heater is L = 20 

cm, and the width is W = 40 cm. The plate is exposed to fuel that has properties consistent with 

methane at T∞ = 40 ◦C.  Assuming heater power of 100 W, determine the surface temperature of the 

heater for a) Fuel at atmospheric pressure, b) Fuel at p =500 kPa. 

 



 
HT-17: Natural Convection Vertical Channels 

Example – Heat Sink Fin Spacing – [Source: Cengel-Ghagar Example 9.3] 

A 12-cm-wide and 18-cm-high vertical hot surface in 30 °C air is to be cooled by a heat sink with 

equally spaced fins of rectangular profile. The fins are 1 mm thick and 18 cm long in the vertical 

direction and have a height of 2.4 cm from the base. Assuming the base temperature of 80 °C. 

a) Determine the rate of heat transfer by natural convection from the heat sink using 20 fins. 

b) Determine the rate of heat transfer by natural convection from the heat sink using optimal fin 

spacing. 

c) Determine the rate of heat transfer from the heat sink using optimal fin spacing and including 

thermal radiation (emissivity=0.25). 

 

Solution: 

 

a)  

 

 

 



 

 
 

Example – Natural Convection Cooling of Vertical PCBs – [Source: Bergman-Lavine Problem 9.59] 

A vertical array of circuit boards is immersed in quiescent ambient air at T∞ = 17°C. Although the 

components protrude from their substrates, it is reasonable, as a first approximation, to assume flat 

plates with uniform surface heat flux q″s. Consider a 60 cm wide heat sink with boards of height and 

length H = L = 40 cm with 1.5 mm thickness and spacing S = 25 mm. Assuming each board is 

populated on both sides and dissipates 88 W, determine maximum board temperature and total heat 

dissipation of this unit. 

 
 

 

HT-18: Heat Exchanger Epsilon/NTU Calculator 

Example – Heat Exchanger Effectiveness-NTU Relationships 

Complete the following table using the automated Epsilon-NTU Tool in AutoTherm. 

 



 

Solution: 

 

 

Note: Epsilon-NTU relations always provide value for effectiveness for all positive NTU’s.  However, 

as seen from the last row, not every positive epsilon will result in a valid NTU. 

 

HT-19: Heat Exchanger Performance Analysis Tool 

Example – Heat Exchanger Performance – [Source: Nellis and Klein Example 8.3-1] 

The cross-flow heat exchanger with both fluids unmixed is used to heat air with hot water. Water 

enters the heat exchanger tubing with a mass flow rate, of 0.03 kg/s and 60 °C. Air at 20 °C and 

atmospheric pressure is blown across the heat exchanger with a volumetric flowrate of 0.06 m3/s. 

The conductance of this heat exchanger has been calculated to be 58.4 W/K, based on the compact 

heat exchanger correlations. Determine the outlet temperatures of the water and air and the heat 

transfer rate using the ε-NTU method. 

 

Solution: 



 

 

 

 



 

Example – Heat Exchanger Design – [Source: Bergman-Lavine Problem 9.59] 

Hot exhaust gases (cp=1080 J/kg.K), which enter a finned-tube, cross-flow heat exchanger with a flow 

rate of 1.75 kg/s at 300°C and leave at 100°C, are used to heat pressurized water at a flow rate of 1 

kg/s from 35 °C. The overall heat transfer coefficient based on the gas-side surface area is Uh = 100 

W/m2.K. Determine the required gas-side surface area Ah and outlet temperature of water. 

 

Solution: 

 

 

 

 



 
 

Example – Heat Exchanger Design – [Source: Cengel-Ghagar Example 11.8] 

A counterflow double-pipe heat exchanger is to heat water from 20 C to 80 C at a rate of 1.2 kg/s. 

The heating is to be accomplished by geothermal water available at 160 C at a mass flow rate of 2 

kg/s (assume cp=4310 J/kg.K). The inner tube is thin-walled and has a diameter of 1.5 cm. The overall 

heat transfer coefficient of the heat exchanger is 640 W/m2. K, determine the length of the heat 

exchanger required to achieve the desired heating. 

 

Solution: 

 

 

 

 



 
 

HT-20: Radiation View factor Calculator 

 


