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Part I. Explanation  (Please list its Chinese term and SI unit) (28%)

1. Viscosity:









2. Porosity:

3. Fluid Power:








4. NPSH:

Part II. Problems (72%)

1. Use the relationship between shear stress and shear rate to describe the difference between Newtonian and Non-Newtonian liquids.  Besides, use the Herschel-Bulkley Model to express the characteristics of  Newtonian and various Non-Newtonian liquids. (25%)
2. A batch of 18 kg of food product has a moisture content of 200% dry basis.  Calculate how much water must be removed from this product to reduce its moisture content to 5% wet basis. (17%)
3. A centrifugal pump is to be located 4 m above the water level in a tank.  The pump will operate at a rate of 0.02 m3/sec.  The manufacture suggests a pump with a NPSHR at this flow rate as 3 m.  All frictional losses may be neglected except a heat exchanger between the pipe inlet and the pump suction that has a loss coefficient Cf = 15.   The pipe diameter is 10 cm and the water temperature is 30℃.  Is this pump suitable for the given conditions?  If cavitation occurs, how can we do to resolve the problem? (30%)
Given: The vapor pressure is 4.246 kPa at 30℃.
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Part III. Bonus (30%)

1. What is the title of the textbook we used in class?  Who are the authors? (12%)

2. Calculate the Reynolds number for 25℃water flow in a 1-in nominal diameter sanitary pipe at 0.5 kg/sec.  What are the flow characteristics? (18%)
[image: image2.jpg]A.4 Physical Properties of Water and
Air

Table A.4.1 Physical Properties of Water at the Saturation Pressure

Coefficient
of
volumetric
Temperature thermal Specific Thermal Thermal Absolute Kinematic Prandtl
Density expansion heat conductivity diffusivity viscosity viscosity number
T p p % k % i v Np,

t
(C)  (K) (kg/m®) (x10 *K™") (k/[kgK]) (W/[mK]) (x10 ®m%s) (x10 ®Pas) (x107°m?%/s)

0 273.15 999.9 -0.7 4.226 0.558 0.131 1793.636 1.789 13.7

5 278.15 1000.0 — 4.206 0.568 0.135 1534.741 1.535 1.4
10 283.15 999.7 0.95 4.195 0.577 0.137 1296.439 1.300 9.5
15 288.15 999.1 = 4.187 0.587 0.141 1135.610 1.146 8.1
200 29315 998.2 2.1 4.182 0.597 0.143 993.414 1.006 7.0
25 298.15 997.1 - 4.178 0.606 0.146 880.637 0.884 6.1
30 303.15 995.7 3.0 4.176 0.615 0.149 792.377 0.805 5.4
35 308.15 994.1 . 4.175 0.624 0.150 719.808 0.725 4.8
40 313.15 992.2 3.9 4175 0.633 0.151 658.026 0.658 4.3
45 318.15 990.2 — 4.176 0.640 0.155 605.070 0.611 3.9
50 323.15 988.1 4.6 4.178 0.647 0.157 555.056 0.556 3.55
55 328.15 985.7 — 4.179 0.652 0.158 509.946 0.517 3.27
60 .333.15 983.2 5.3 4.181 0.658 0.159 471.650 0.478 3.00
65 338.15 980.6 . 4.184 0.663 0.161 435.415 0.444 2.76
70 343.15 977.8 5.8 4.187 0.668 0.163 404.034 0.415 2.55
75 348.15 974.9 = 4.190 0.671 0.164 376.575 0.366 2.23
80 353.15 971.8 6.3 4.194 0.673 0.165 352.059 0.364 2.25
85 358.15 968.7 = 4.198 0.676 0.166 328.523 0.339 2.04
90 363.15 965.3 7.0 4.202 0.678 0.167 308.909 0.326 1.95
95 368.15 961.9 = 4.206 0.680 0.168 292.238 0.310 1.84
100 373.15 958.4 7.5 4.211 0.682 0.169 277.528 0.294 1.75
110 383.15 951.0 8.0 4.224 0.684 0.170 254.973 0.268 1.57
120 393.15 943.5 8.5 4.232 0.685 0.171 235.360 0.244 1.43
130 403.15 934.8 9.4 4.250 0.686 0.172 211.824 0.226 1.32
140 413.15 926.3 9.7 4.257 0.684 0.172 201.036 0.212 1.23
150 423.15 916.9 10.3 4.270 0.684 0.173 185.346 0.201 1.17
160 433.15 907.6 10.8 4.285 0.680 0.173 171.616 0.191 1.10
170 443.15 897.3 11.5 4.396 0.679 0.172 162.290 0.181 1.05
180 453.15 886.6 121 4.396 0.673 0.172 152.003 0.173 1.01
190 463.15 876.0 12.8 4.480 0.670 0.171 145.138 0.166 0.97
200 473.15 862.8 13.5 4.501 0.665 0.170 139.254 0.160 0.95
210 483.15 852.8 14.3 4.560 0.655 0.168 131.409 0.154 0.92
220 493.15 837.0 15.2 4.605 0.652 0.167 124.544 0.149 0.90
230 503.15 827.3 16.2 4.690 0.637 0.164 119.641 0.145 0.88
240 513.15 809.0 17.2 4.731 0.634 0.162 113.757 0.141 0.86
250 523.15 799.2 18.6 4.857 0.618 0.160 109.834 0.137 0.86

Source: Adapted from Raznjevic (1978).
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Figure 2.16 The Moody diagram for the Fanning friction factor. Equivalent roughness for new pipes (¢ in meters): cast iron, 259 x 10~ % drawn tubing, 1.5235x 10,
galvanized iron, 152 x 10~%; steel or wrought iron, 45.7 x 10 °. (Based on L.F. Moody, 1944. Trans ASME, 66, 671.)




[image: image4.jpg]Table 2.3 Pipe and Heat-Exchanger Tube Dimensions

Steel pipe Heat-exchanger tube
(Schedule 40) Sanitary pipe (18 Gauge)
Nominal size 1D oD 1D oD iD oD
(in) in/(m) in/(m) in/(m) in/(m) in/(m) in/(m)
0.5 0.622 0.840 — - 0.402 0.50
(0.01579) (0.02134) (0.01021) (0.0127)
0.75 0.824 1.050 0.652 0.75
(0.02093) (0.02667) (0.01656) (0.01905)
1 1.049 1.315 0.902 1.00 0.902 1.00
(0.02644) (0.03340) (0.02291) (0.0254) (0.02291) (0.0254)
1.5 1.610 1.900 1.402 1.50 1.402 1.50
(0.04089) (0.04826) (0.03561) (0.0381) (0.03561) (0.0381)
2.0 2.067 2.375 1.870 2.00 - -
(0.0525) (0.06033) (0.04749) (0.0508)
2.5 2.469 2.875 2.370 2.5
(0.06271) (0.07302) (0.06019) (0.0635)
3.0 3.068 3.500 2.870 3.0 - —
(0.07793) (0.08890) (0.07289) (0.0762)
4.0 4.026 4.500 3.834 4.0
(0.10226) (0.11430) (0.09739) (0.1016)

Source: Toledo (1991).
“Numbers in parentheses represent the dimension in meters.




[image: image5.jpg]Table 2.2 Friction Losses for Standard Fittings

Type of Fitting G
Elbows

Long radius 45°, flanged 0.2
Long radius 90°, threaded 0.7
Long radius 90°, flanged 0.2
Regular 45°, threaded 0.4
Regular 90°, flanged 0.3
Regular 90°, threaded 1.5
180° Return bends

180° return bend, flanged 0.2
180° return bend, threaded 1.5
Tees

Branch flow, flanged 1.0
Branch flow, threaded 2.0
Line flow, flanged 0.2
Line flow, threaded 0.9
Union, threaded 0.8
Valves

Angle, fully open 2
Ball valve, % closed 5.5
Ball valve, % closed 210
Ball valve, fully open 0.05
Diaphragm valve, open 2.3
Diaphragm valve, 1 closed 2.6
Diaphragm valve, } closed 4.3
Gate % closed 17
Gate, % closed 0.26
Gate, } closed 2.1
Gate, fully open 0.15
Globe, fully open 10
Swing check, backward flow o0

Swing check, forward flow 2
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