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Problem Set #1



Due: February 6, 2013



1. The convective heat transfer coefficients on the inside and outside surfaces of a of  a stainless steel ‐



‐



2



2



tube are 800 W/m K and 100 W/m K, respectively. The outside diameter and wall thickness of  ∙



∙



the tube are 1.2 cm and 0.1 cm. A deposit builds up on the inside tube surface, causing a fouling resistance of 0.01 of  0.01 m2 K/W. ∙



a) Calculate all thermal resistances with respect to the tube inside diameter. What are some implications of the of  the relative magnitudes in thermal resistance? b) Estimate the percentage increase in heat transfer that could be achieved by removing the deposit material. It may be assumed that the presence of surface of  surface deposit has an insignificant effect on the fluid temperatures inside and outside the tube. 2. A long copper tube contains water to be heated by air flowing over the outside and perpendicular to the tube axis. The outside diameter and wall thickness of the of  the tube are 1.2 cm and 0.1 cm. The mass flow rate of water of  water through the tube is 0.4 kg/s, and the water ‐



temperature averages 50°C inside the tube. The free stream air velocity and ambient ‐



temperature are 10 m/s and 150°C. a) Calculate all thermal resistances with respect to the tube outside diameter. What are some implications of the of  the relative magnitudes in thermal resistance? b) Calculate the overall heat transfer coefficient of the of  the heat exchanger. ‐



3. Water is to be heated from 15°C to 30°C in a heat exchanger using hot oil that should decrease in temperature from 100°C to 70°C. Calculate the log mean temperature differences of both of  both co ‐



‐



current and counter current flow arrangements. Which arrangement would provide the highest ‐



heat transfer rate for the same overall heat transfer coefficient and area? ‐



4. The overall heat transfer coefficient of a of  a new heat exchanger is 200 W/(m2 K) based on an area ‐



∙



2



of 15 of  15 m . The heat exchanger has a shell and tube counter flow configuration. The hot fluid ‐



‐



‐



enters at 150°C and leaves at 100°C, while the cold fluid enters at 15°C and leaves at 70°C. Determine the initial heat transfer rate between the fluids. After a few years of operation, of  operation, the ‐



heat transfer is reduced by a rust deposit on the inside tube surface. The fouling resistance of  the deposit is 0.0015 m2 K/W. Determine the heat transfer rate in this fouled condition and ∙



‐



calculate the percentage decrease in the heat transfer rate due to the presence of the of  the rust ‐



deposit. Students are also expected to follow proper practices for engineering calculations. For those students who may be unfamiliar with these practices, guidance can be obtained from a variety of sources, of  sources, such as the MIT webpage on Technical Communications in Mechanical Engineering: 



http://meche.mit.edu/academic/undergraduate/commguide/



 Average heat‐transfer coefficient of a circular cylinder in cross flow MIE1132 Heat  Exchanger  Design The following correlation by Hilpert (1933) [1] may be used for the average heat‐transfer coefficient of a circular cylinder in cross flow:



 N u D







n



C Re D Pr 



1 3



where the constant coefficient ( C ) and exponent ( n ) depend on the Reynolds number Re D



V  D



   







, and all fluid properties are evaluated at the film temperature, which is the arithmetic



mean between the surface and freestream temperatures, T  f 







T S   T   



Re D



C 



n



0.4‐4 4‐40 40‐4,000 4,000‐40,000 40,000‐400,000



0.989 0.911 0.683 0.193 0.027



0.33 0.385 0.466 0.618 0.805



2:



A compendium of more current cross‐flow heat‐transfer correlations is provided in a recent article by Sparrow et al. (2004) [2], which should be considered if more accuracy is required.



References 1. Hilpert, R. (1933), “Wärmeabgabe von geheizten Drähten und Rohren im Luftstrom”, Forschung auf dem Gebiete des Ingenieurwesens, Vol. 4, No. 5, pp. 215–224. 2. Sparrow, E.M., Abraham, J.P., and Tong, J.C.K. (2004), “Archival correlations for average heat transfer coefficients for non‐circular and circular cylinders and spheres in cross‐flow”, International Journal of Heat and Mass Transfer, Vol. 47. No. 24, pp. 5285–5296.
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