9. (15 pt BONUS) In the research & development division of your company, a new process using ethylene
glycol is being developed, but the ethylene glycol must be chilled before being returned to it's storage tank.
Since you don't have time to build a new heat exchanger, you decide to go to Toys A Us and buy a large kiddie
swimming pool that you can fill with water and coil flexible plastic tubing submerged in the water to cool the
ethylene glycol from 86 to 28 °C. This is a creative solution--- maybe not the best, but you need to know the
length of plastic tubing to get from the warehouse. Given:
1. Ethylene glycol leaves a reaction tank at 3.0 kg/min at 86 °C and must be cooled to 28 °C.
2. A large volume of water will fit into the kiddie pool such that the water can be assumed to remain isothermal
at 17 °C throughout the process.
3. All of the ethylene glycol enters a single plastic tube that is made of Tygon (k = 0.12 W/m-K) and has an
inner diameter of 0.7 cm and outer diameter of 0.9 cm.
4. You may assume that the tubing has been used before and has inner and outer fouling factors equivalent to
being used with refrigerating liquids (Table 11.1).
5. Clearly state any other assumptions you make to solve the problem.
6. Properties of Water (or see Table A.6) Properties of Ethylene Glycol
B = expansion coefficient = 227.5 * 10° K see Table A.5
v = kinematic viscosity =9.61 * 10”7 m*/s
o = thermal diffusivity = 1.45 * 107 m%s
Pr = Prandtl Number = 6.62
k = thermal conductivity = 0.606 W/m-K
V = specific volume = 1.002 * 10° m*/kg

A. Determine the required heat transfer rate in Watts.

B. Determine the convective heat transfer coefficient for the ethylene glycol (you may assume fully developed
flow and that the inner walls are at a constant temperature).

C. Determine the convective heat transfer coefficient for the stagnant water. For this calculation only, assume
that the temperature of the outer surface of the flexible tubing is 27 °C and does not change with
position. You may also assume that the plastic tubing is positioned horizontally in the water.

D. Determine UA in terms of length (your answer will be some # * L)

E. How long should the tubing be?

F. Give five (5) inexpensive suggestions that would reduce the length of tubing required.




{A-6) Draw a problem diagram. Label the known temperatures, flow rates and dimensions,
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(C-12) Determine the convective heat transfer coetficient (h;) for the ethylene glycol,

Wi = Wot2f <
You may assume fully developed flow and that the inner walls are at a constant temperature. -
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([2-12) Deetermine the convective heat transfer coefficient (h,) for the water,

You may assume that the water is stagnant (no forced convection). For this calculation anly (pan C), vou

iy also assume that the temperature of the owter surface of the exible twbing is 27 °C and does not

change wtthzlutm Wou may also assume that the plastic tubing is positiongd horizontally in the water.
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(E-12) Determine UA in terms of length

{vour answer will be some # * L) /
,4' = L o [ . " /
u dioA., e —-—-Ifﬂ ; + ﬁﬁ £ 5
Ao pmkl T a4 LA
= TP L
i“"r_ — FA o eTutr . _
£ F—F T .eomay M- k?{d %—f:f";_llﬂ-'l'_
— L I
e e
— — e e
Woe) (.oo7y * 21 [Du2 "'ﬁ-s—:\ "ﬁ"( ) (IS&)Ww'J}
L

Fa

_-_-_‘_‘—-—__h____
00572+ ooy + 3333 +.0f1+ 3347
[- 346 'LZ C“fh\ 68 usies hozlll, Un=|356L

i

(wﬁ




(F-10) How long should the tubing be?
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WORRLEy, 5
Give five (5) inexpensive sugpestions that would bing required, %
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