APPENDIX A.1

Conversion Factors
Expressed as a Ratio

Denominator Numerators Denominator Numerators
I Il 1 | 1l 11
Acre 0.4046873 Hectare cPoise 0.001 Pa-s
Acre 43560.0 (ft)? (cm)?® 3.531"E-5 (ft)3
Atm (std) 101.325.0 Pascal (cm)® 0.061023 (in)®
Atm (std) 14.696 lbs/in? (cm)® 2.642"E -4 Gal
Atm (std) 29.921 in Hg (ft)3 7.48052 Gal
Atm (std) 76.0 cmHg @ (ft)® 28.316 Liter
0°C Cup 2.36588* E — 4 (m)3
Atm (std) 33.899 ft H,O @
32.2°F Dyne 1.000* E-5 Newton
Dyne-cm 1.000*E-7 Newton-m
BTU 1.0550* E + 10 Erg Dyne 2.248*E-6 [oF
BTU 778.3 ft-los
BTU 3.9292* E -4 Hp-h Erg 9.486* E— 11 BTU
BTU 1054.8 Joule Erg 2.389*E-8 Cal
BTU 252 Cal Erg 1.000*E-7 Joule
BTU 2.928*E—-4 kW-h
BTU/min 0.023575 Hp Foot 0.3048 Meter
BTU/min 0.01757 kW (ft)2 2.83168* E -2 (m)®
BTU/min 17.5725 Watt (ft)? 9.29030* E -2 (m)2
BTU/s 1054.35 Watt ft-lby 1.355818 Joule
BTU/h 0.29299 Watt
BTU 5 3
h()(F) 5.678263 W/m?2. K Gal (U.S.) 0.13368 (ft)
Gal (U.S.) 3.78541 Liter
Gal (U.S.) 3.78541*E—-3 (m)3
BTU 1.730735 W/m- K Gram 2.2046* E—-3 Pound

h(ft)(°F)

(Continued)



534  A.l. Conversion Factors Expressed as a Ratio

Denominator Numerators Denominator Numerators
| I 1 I I 11
BTU/Ib 2326.0 J/kg
Hectare 2.471 Acre
BTU .
b(F) 4186.8 J/kg- K Hp 42.44 BTU/min
Hp 33,000 ft - Ib¢/min
Bushel 1.2445 ft Hp 0.7457 kW
Bushel 0.035239 m3 Hp(boiler) 33,480 BTU/h
Cal 4.1868 Joule Inch 2.5400*E -2 Meter
Cal 3.9684*E -3 BTU inHg @ 3.38638*E +3  Pascal
Cal 4.1868*E+7 Erg 0°C
centimeter 0.3937 Inch in Hg@ 0.4912 Ibs/in®
cm Hg@ 1333.33 Pascal 0°C
0°C
cm H,O@ 98.0638 Pascal Joule 9.48*E — 4 BTU
4°C Joule 0.23889 Cal
cPoise 0.01 g/cm-s
cPoise 3.60 kg/m-h
cPoise 6.72*E — 4 Ib/ft-s
Joule 10.000*E+7  Erg Pound 453.5924 Gram
Joule 0.73756 ft-lbs Pound 0.45359 kg
Joule 277" E -4 W-h Ibs 4.44823 Newton
Ibs/in.2 0.068046 Atm (std)
kg 2.2046 Pound lbs/in.2 68947 dynes/cm?
km 3281 Foot lbs/in.2 2.3066 ft HLO@39.2°F
km 0.6214 Mile Ibs/in.2 2.035 in Hg@0°C
kW 3413 BTU/h lbs/ft? 47.88026 Pascal
kW-h 3.6*E+6 Joule Ib¢/in.? 6894.757 Pascal
Liter 0.03532 (ft)2 Qt (U.S) 9.4635*E + 4 (m)3
Liter 0.2642 Gal (U.S.) Qt(U.S) 946.358 (cm)3
Liter 2.113 Pint Qt (U.S.) 57.75 (in.)3
Qt (U.S) 0.9463 liter
Meter 3.281 Foot Qt (U.S)) 0.25 Gallon
Meter 39.37 Inch
Ton (metric) 1000 kg
Newton 1.000* E+5 Dyne Ton (metric) 2204.6 Pound
Ton (short) 2000 Pound
Oz (lig) 29.57373 (cm)® Ton (refri) 12,000 BTU/h
Oz (liq) 1.803 (in)® Torr (mmHg
Oz (av) 28.3495 Gram @0°C) 133.322 Pascal
Oz (av) 0.0625 Pound
Watt 3.413 BTU/h

(Continued)



A.l1. Conversion Factors Expressed as a Ratio 535

Denominator Numerators Denominator Numerators

| Il 1] | 1] 1]
Pascal 1.4504*E - 4 Ib¢/in.? Watt 44.27 ft-lbs/min
Pascal 1.0197*E — 5 kgs/cm? Watt 1.341*E - 3 Hp

Pint 28.87 (in.)® Watt-h 3.413 BTU
Poise 0.1 Pa-s Watt-h 860.01 Cal

by 444823 Dyne Watt-h 3600 Joule

To use: multiply quantities having units under Column 1 with the factors under Column Il to obtain quantities having
the units under Column lll. Also use as a ratio in a dimensional equation Example: 10 acres = 10 x 0.4.046.873
hectares. The dimensional ratio is (0.4046873) hectare/acre. The symbol *E represents exponents of 10.9.486*
E—11=09.486 x 107",




APPENDIX A.2

Properties of Superheated Steam

Absolute Pressure Ib:/ir? (psi)

5 psi 10 psi
Ts=101.74°F Ts=162.24°F Ts=193.21°F
Temp.
°F v h v h v h
200 392.5 1150.2 78.14 1148.6 38.84 1146.6
250 422.4 1172.9 84.21 1171.7 41.93 1170.2
300 452.3 1195.7 90.24 1194.8 44.98 1193.7
350 482.1 1218.7 96.25 1218.0 48.02 12171
400 511.9 1241.8 102.24 1241.3 51.03 1240.6
450 541.7 1265.1 108.23 1264.7 54.04 1264.1
500 571.5 1288.6 114.21 1288.2 57.04 1287.8
600 631.1 1336.1 126.15 1335.9 63.03 1335.5
Absolute Pressure Ib:/ir? (psi)
14.696 psi 15 psi 20 psi
T, =212.00°F Ts=213.03°F Ts = 227.96°F

Temp.
°F v h v h v h
250 28.42 1168.8 27.837 1168.7 20.788 1167.1
300 30.52 1192.6 29.889 1192.5 22.356 11914
350 32.60 1216.3 31.939 1216.2 23.900 12154
400 34.67 1239.9 33.963 1239.9 25.428 1239.2
450 36.72 1263.6 35.977 1263.6 26.946 1263.0
500 38.77 1287.4 37.985 1287.3 28.457 1286.9
600 42.86 1335.2 41.986 1335.2 31.466 1334.9

(Continued)
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538  A.2. Properties of Superheated Steam

Absolute Pressure Ib¢/in? (psi)

25 psi 30 psi 35 psi

Ts = 240.07°F T, = 250.34°F Ts = 259.29°F
Temp.
°F v h v h v h
250 16.558 1165.6
300 17.829 1190.2 14.810 1189.0 12.654 1187.8
350 19.076 1214.5 15.589 1213.6 12.562 1212.7
400 20.307 1238.5 16.892 1237.8 14.453 1237.1
450 21.527 1262.5 17.914 1261.9 15.334 1261.3
500 22.740 1286.4 18.929 1286.0 16.207 1285.5
600 25.153 1334.6 20.945 1334.2 17.939 1333.9

v = specific volume in ft3/lb; h = enthalpy in BTU/Ib.
Ts = saturation temperature at the designated pressure.

Source: Abridged from ASME. 1967. Steam Tables. Properties of Saturated and Superheated Steam—from
0.08865 to 15,500 Ib per sq in. absolute pressure. American Society of Mechanical Engineers. NY. Used with
permission.




APPENDIX A.3

Saturated Steam Tables:
English Units

Specific Volume (ft%/Ib) Enthalpy (BTU/Ib)
Temp. Abs. pressure  Sat. liquid Evap Sat. vapor Sat. liquid Evap.  Sat. vapor
°F Ib/in? vy Vi Ve hy hg hy
32 0.08859 0.016022 3304.7 3304.7 —0.0179 1075.5 1075.5
35 0.09998 0.016020 2950.5 2950.5 3.002 1073.8 1076.8
40 0.12163 0.016019 2445.8 2445.8 8.027 1071.0 1079.0
45 0.14753 0.016020 2039.3 2039.3 13.044 1068.2 1081.2
50 0.17796 0.016023 1704.8 1704.8 18.054 1065.3 1083.4
55 0.21404 0.016027 1384.2 1384.2 23.059 1062.5 1085.6
60 0.25611 0.016033 1207.6 1207.6 28.060 1059.7 1087.7
65 0.30562 0.016041 1022.8 1022.8 33.057 1056.9 1089.9
70 0.36292 0.016050 868.3 868.4 38.052 1054.0 1092.1
75 0.42985 0.016061 740.8 740.8 43.045 1051.3 1094.3
80 0.50683 0.016072 633.3 633.3 48.037 1048.4 1096.4
85 0.59610 0.016085 543.9 543.9 53.028 1045.6 1098.6
90 0.69813 0.016099 468.1 468.1 58.018 1042.7 1100.0
95 0.81567 0.016114 404.6 404.6 63.008 1039.9 1102.9
100 0.94924 0.016130 350.4 350.4 67.999 1037.1 1105.1
105 1.10218 0.016148 304.6 304.6 72.991 1034.3 1107.2
110 1.2750 0.016165 265.4 265.4 77.98 1031.4 1109.3
115 1.4716 0.016184 232.03 232.0 82.97 1028.5 11115
120 1.6927 0.016204 203.25 203.26 87.97 1025.6 1113.6
125 1.9435 0.016225 178.66 178.67 92.96 1022.8 1115.7
130 2.2230 0.016247 157.32 157.33 97.96 1019.8 1117.8
135 2.5382 0.016270 138.98 138.99 102.95 1016.9 1119.9
140 2.8892 0.016293 122.98 123.00 107.95 1014.0 1122.0
145 3.2825 0.016317 109.16 109.18 112.95 1011.1 11241
150 3.7184 0.016343 97.05 97.07 117.95 1008.2 1126.1
(Continued)
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540

A.3. Saturated Steam Tables: English Units

Specific Volume (ft3/Ib)

Enthalpy (BTU/Ib)

Temp. Abs. pressure  Sat. liquid Evap Sat. vapor  Sat. liquid  Evap. Sat. vapor
°F Ib/in? Vs Vi Vi hy hg hg
155 4.2047 0.016369 86.53 86.55 122.95 1005.2 1128.2
160 4.7414 0.016395 77.27 77.29 127.96 1002.2 1130.2
165 5.3374 0.016423 69.19 69.20 132.97 999.2 1132.2
170 5.9926 0.016451 62.04 62.06 137.97 996.2 1134.2
175 6.7173 0.016480 55.77 55.79 142.99 993.2 1136.2
180 7.5110 0.016510 50.21 50.22 148.00 990.2 1138.2
185 8.3855 0.016543 45.31 45.33 153.02 987.2 1140.2
190 9.340 0.016572 40.941 40.957 158.04 984.1 11421
195 10.386 0.016605 37.078 37.094 163.06 981.0 11441
200 11.526 0.016637 33.622 33.639 168.09 977.9 1146.0
205 12.776 0.016707 30.567 30.583 173.12 974.8 1147.8
210 14.132 0.016705 27.822 27.839 178.16 971.6 1149.8
212 14.696 0.016719 26.782 26.799 180.17 970.3 1150.5
220 17.186 0.016775 23.131 23.148 188.23 965.2 1153.4
225 18.921 0.016812 21.161 21.177 193.28 961.9 1155.2
230 20.791 0.016849 19.379 19.396 198.33 958.7 11571
235 22.804 0.016887 17.766 17.783 203.39 956.5 1158.9
240 24.968 0.016926 16.304 16.321 208.45 952.1 1160.6
245 27.319 0.016966 14.998 15.015 213.52 948.8 1162.4
250 29.840 0.017006 13.811 13.828 218.59 945.5 1164.1
255 32.539 0.017047 12.729 12.747 223.67 942.1 1165.8
260 35.427 0.017089 11.745 11.762 228.76 938.6 1167.4
265 38.546 0.017132 10.858 10.875 233.85 935.2 1169.0
270 41.875 0.017175 10.048 10.065 238.95 931.7 1170.7
275 45.423 0.017219 9.306 9.324 244.06 928.2 1172.2
280 49.200 0.017264 8.627 8.644 249.17 924.6 1173.8
285 53.259 0.017310 8.0118 8.0291 254.32 920.9 1175.3
290 57.752 0.017360 7.4468 7.4641 259.45 917.3 1176.8

Source: Abridged from: ASME 1967. Steam Tables. Properties of Saturated and Superheated Steam. American

Society of Mechanical Engineers, NY. Used with permission.




APPENDIX A .4

Saturated Steam Tables:
Metric Units

Enthalpy (MJ/kg)
Absolute Saturated (MJ/kg) Saturated
Temperature °C pressure liquid Evaporation vapor
kPa hf h fg hg

0 0.6108 -0.00004 2.5016 2.5016

25 0.7314 0.01049 2.4956 2.5061

5 0.8724 0.02100 2.4897 2.5108

7.5 1.0365 0.03151 2.4839 2.5153
10 1.2270 0.04204 2.4779 2.5200
12.5 1.4489 0.05253 2.4720 2.5245
15 1.7049 0.06292 2.4661 2.5291
17.5 2.0326 0.07453 2.4595 2.5342
20 2.3366 0.08386 2.4544 2.5381
225 2.7248 0.09780 2.4484 2.5428
25 3.1599 0.10477 2.4425 2.5473
27.5 3.6708 0.11522 2.4367 2.5518
30 4.2415 0.12566 2.4307 2.5563
32.5 4.8913 0.13611 2.4246 2.5609
35 5.6238 0.14656 2.4188 2.5653
37.5 6.4488 0.15701 2.4129 2.5699
40 7.3749 0.16745 2.4069 2.5744
42.5 8.4185 0.17789 2.4009 2.5788
45 9.5851 0.18834 2.3949 2.5832
47.5 10.8868 0.19880 2.3889 2.5877
50 12.3354 0.20925 2.3829 2.5921
52.5 13.9524 0.21971 2.3769 2.5966
55 15.7459 0.23017 2.3705 2.6000
57.5 17.7295 0.24062 2.3648 2.6054
60 19.9203 0.25109 2.3586 2.6098
62.5 22.3466 0.26155 2.3525 2.6140

(Continued)
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542  A.4. Saturated Steam Tables: Metric Units

Enthalpy (MJ/kg)
Absolute Saturated (MJ/kg) Saturated
Temperature °C pressure liquid Evaporation vapor
kPa hf h fg hg
65 25.0159 0.27202 2.3464 2.6184
67.5 27.9479 0.28249 2.3402 2.6226
70 31.1622 0.29298 2.3339 2.6270
72.5 34.6961 0.30345 2.3276 2.6312
75 38.5575 0.31394 2.3214 2.6354
77.5 42.7706 0.32442 2.3151 2.6395
80 47.3601 0.33492 2.30879 2.64373
82.5 52.5777 0.34542 2.30251 2.64792
85 57.8159 0.34659 2.29611 2.65199
87.5 63.7196 0.36643 2.28971 2.65606
90 70.1059 0.37693 2.28320 2.66025
92.5 77.0489 0.38747 2.27669 2.66420
95 84.5676 0.39799 2.27023 2.66821
97.5 92.6379 0.40853 2.26349 2.67214
100 101.3250 0.41908 2.25692 2.67606
102.5 110.7410 0.42962 2.25035 2.67996
105 120.8548 0.44017 2.24354 2.68368
107.5 131.7114 0.45074 2.23674 2.68752
110 143.3489 0.46132 2.22994 2.69129
112.5 155.8051 0.47190 2.22313 2.69508
115 169.1284 0.48249 2.21615 2.69874
117.5 183.3574 0.49309 2.20929 2.70241
120 198.5414 0.50372 2.20225 2.70607
122.5 214.8337 0.51434 2.19519 2.70949
125 232.1809 0.52499 2.18807 2.71311
127.5 250.6391 0.53565 2.18083 2.71651
130 270.2538 0.54631 2.17365 2.71991
132.5 291.0837 0.55698 2.11632 2.72331
135 313.1771 0.56768 2.15899 2.72654

Source: Calculated from ASME 1967. Steam Tables. Properties of Saturated and Superheated Steam—from 0.08865
to 15.500 Ib per sq in. absolute pressure. American Society of Mechanical Engineers, NY. Used with permission.




APPENDIX A.5

Flow Properties of Food Fluids

Flow constants
Product % Solids Temperature °C  n (dimensonless)  k dyne - dyne - s"/cn?
Applesauce 11 30 0.34 116
82 0.34 90
Apple juice 50-65.5 Brix 30 0.65 -
10.5-40 Brix 30 1.0 -
Apricot puree 16 30 0.30 68
82 0.27 56
Apricot concentrate 26 4.5 0.26 860
25 0.30 670
60 0.32 400
Banana puree — 24 0.458 65
Grape juice 64 Brix 30 0.9 —
15-50 Brix 30 1.0 —
Orange juice
concentrate — 15 0.584 11.9
0 0.542 18.0
Orange juice
concentrate 30 Brix 30 0.85 —
60 Brix 30 0.55 15.5
65 Brix 30 0.91 2.6
Pear puree 18.3 32 0.486 22.5
82 0.484 14.5
26 32 0.450 62
82 0.455 36
31 32 0.450 109
82 0.459 56
37 32 0.479 355
82 0.481 160
(Continued)
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544 A.5. Flow Properties of Food Fluids

Flow constants
Product % Solids Temperature °C n (dimensonless) k dyne - dyne - s/ ci?
Peach puree 12 30 0.28 72
82 0.27 58
Plum juice 14 30 0.34 22
82 0.34 20
Tomato juice 12.8 32 0.43 20
82 0.345 31.2
25 32 0.405 129
82 0.43 61
30 32 0.40 187
82 0.445 79
Tomato catsup 36 30 0.441 81

(0.15 g tomato
solids/g catsup)

Source: Holdsworth, S. D. Applicability of theological models to the interpretation of flow and processing behavior
of fluid food products. J. Tex. Studies 2(4): 393-418, 1971.
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APPENDIX A.8

Average Composition of Foods, In
Per Cent (From USDA Handbook 8)

Product Water Protein Fat Carbohydrate Fiber Ash
Sausage
Beef Bologna 55.3 12.2 28.5 0.8 0 3.2
B/P Bologna 54.3 11.7 28.3 2.8 0 3
Pork Bologna 60.6 15.3 19.9 0.73 0 3.5
Beef Franks 54.7 12 28.5 1.8 0 2.9
B/P Franks 53.9 11.3 29.2 2.6 0 3.2
Chick. Franks 57.5 12.9 19.5 6.8 0 3.3
Turkey Franks 63 14.3 17.7 1.5 0 3.5
Canned Chopped Ham, 60.8 16.1 18.8 0.3 0 41
Sliced Ham (Ex. Lean) 70.5 19.4 5 1 0 4.2
Sliced Ham (Reg.) 64.6 17.6 10.6 3.1 0 4.1
Salami, Beef (Cooked) 59.3 147 20.1 25 0 44
Salami, Pork, Dry 36.2 22.6 33.7 1.6 0 5.9
Salami, B/F, Dry 34.7 22.9 34.4 2.6 0 5.5
Smoked Link Sausage 52.2 13.4 30.3 1.4 0 2.7
Turkey Roll (light meat) 71.6 18.7 7.2 0.5 0 2
Beef
Brisket (cooked) 44.8 23.5 31.6 0 0 0.85
Brisket (raw) 55.1 16.9 26.5 0 0 0.8
Lean, Prime, Raw 68.6 21.2 9.7 0 0 1
Lean, Prime, Cooked 58.1 29 13 0 0 1.2
Chuck, Raw 61.8 18.5 18.4 0 0 0.9
Chuck, Braised 52.5 29.7 17 0 0 1
Round , Raw 65.9 20.4 11.6 0 0 1
Round , Cooked 58.1 27.4 11.7 0 0 1.3
Top Sirloin, Ch. Raw 62.7 19 16.2 0 0 0.9
Top Sirloin, Ch. Cooked 55.6 27.6 16.7 0 0 1.2
Top Sirloin, Sel. Raw 64.2 19.3 13.8 0 0 1
Top Sirloin, Sel. Cooked 57.6 28 13.9 0 0 1.3
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550 A.8. Average Composition of Foods, In Per Cent (From USDA Handbook 8)

Product Water Protein Fat Carbohydrate Fiber — Ash
Gound, Ex-lean, Raw 63.2 18.7 171 0 0 0.9
Ground, Ex-lean, Cooked 58.6 245 16.1 0 0 0.8
Ground, Reg. Raw 48.9 28.8 215 0 0 1.2
Ground, Reg. Cooked 54.2 241 20.7 0 0 1
Pork
Fresh Ham, Raw 64.7 18.7 15.7 0 0 0.9
Fresh Ham, Cooked 56.8 28.9 14.3 0 0 1.1
Loin, Raw 72.2 21.4 5.7 0 0 1.1
Loin, Cooked 61.4 28.6 9.1 0 0 4
Poultry
Chicken Dark, Raw, no Skin 76 20.1 4.3 0 0 0.9
Chicken Dark, Cooked, no Skin 63.1 27.4 9.7 0 0 1
Chicken LT, Raw, no Skin 74.9 23.2 1.7 0 0 1
Chicken, LT, Cooked, no Skin 64.8 30.9 45 0 0 1
Turkey, Dark, Raw, no Skin 74.5 20.1 4.4 0 0 0
Turkey, Dark, Cooked, no Skin 63.1 28.6 7.2 0 0 1
Turkey, LT, Raw, no Skin 73.8 23.6 1.6 0 0 1
Turkey, LT, Cooked, no Skin 66.3 29.9 3.2 0 0 1.1
Dairy/Eggs
Butter 15.9 0.9 81.1 0.1 0 2.1
Cheese, Cheddar 36.8 24.9 33.1 1.3 0 3.9
Cream, Half&Half 80.6 3 11.5 4.3 0 0.7
Cream, Whipping, Lt 63.5 2.2 30.9 3 0 0.5
Cream Whipping, Heavy 57.7 21 37 2.8 0 0.5
Egg, Whole 75.3 12.5 10 1.2 0 0.9
Egg, White 87.8 105 0 1 0 0.6
Egg, Yolk 48.8 16.8 30.9 1.8 0 1.8
Milk, Whole 88 3.3 3.4 47 0 0.7
Milk, Skim 90.8 3.4 0.2 4.9 0 0.8
Whey, acid 93.4 0.8 0.1 51 0 0.6
Whey, sweet 93.1 0.9 0.4 51 0 0.5
Fish/Shellfish
Catfish Raw 75.4 15.6 7.6 0 0 1
Catfish Cooked 71.6 18.7 8 0 0 1.2
Cod, Raw 81.2 17.8 0.7 0 0 1.2
Cod, Cooked 75.9 22.8 0.9 0 0 15
Halibut, Raw 77.9 20.8 2.3 0 0 1.4
Halibut, Cooked 71.7 26.7 29 0 0 1.7
Mackerel, Raw 63.6 18.6 13.9 0 0 14
Mackerel, Cooked 53.3 23.9 17.8 0 0 1.5
Salmon, Farmed, Raw 68.9 19.9 10.9 0 0 1.1
Salmon, Farmed, Cooked 64.8 22.1 12.4 0 0 1.2
Shrimp, Raw 75.9 20.3 1.7 0.9 0 1.2
Shrimp, Steamed 77.3 20.9 1.1 0 0 1.6
Oyster, Raw 85.2 71 25 3.9 0 14
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Product Water Protein Fat Carbohydrate Fiber Ash

Oyster, Steamed 70.3 141 4.9 7.8 0 2.8
Vegetables/Fruits

Beans, Lima, Raw 70.2 6.8 0.9 20.2 1.9 1.9

Beans, Lima, Boiled 67.2 6.8 0.3 23.6 2.1 2.1

Beans, Snap, Raw 90.3 1.8 0.1 71 1.1 0.7

Beans, Snap, Boiled 89.2 1.9 0.3 7.9 1.4 0.7

Beets, Raw 87.6 1.6 0.2 0.6 0.8 1.1

Beets, Boiled 87.1 1.7 0.2 10 0.8 1.1

Carrots, Raw 87.8 1 0.2 10.1 1 0.9

Carrots, Boiled 87.4 1.1 0.2 10.5 1.5 0.9

Potatoes, Raw (Flesh) 79 21 0.1 18 0.4 0.9

Potatoes, Baked (Flesh) 75.4 2 0.1 21.6 04 1

Fruits/Juices

Apples 83.9 0.2 0.4 15.3 0.8 0.3

Apple Juice, Bottled 87.9 0.1 0.1 11.7 0.2 0.2

Apricots 86.4 14 0.4 111 0.6 0.8

Avocados 72.6 21 17.3 6.9 2.1 1.1

Bananas 74.3 1 0.5 23.4 0.5 0.8

Cherries, Sour 86.1 1 0.3 12.2 0.2 0.4

Cherries, Sweet 80.8 1.2 1 16.6 0.4 0.5

Grapefruit, white 90.5 0.7 0.1 8.4 0.2 0.3

Grapefruit juice 90 0.5 0.1 9.2 0 0.2

Grape 81.3 0.6 0.4 17.2 0.8 0.6

Grape Juice 84.1 0.6 0.1 15 0 0.3

Peach 87.7 0.7 0.1 11.1 0.6 0.5

Pears 83.8 0.4 0.4 15.1 1.4 0.3

Pineapple 86.5 0.4 0.4 124 0.5 0.3

Strawberries 91.6 0.6 0.4 7 0.5 0.4




APPENDIX A.9

Thermal Conductivity of
Construction and Insulating

Materials
BTU w
h(f(° F) m(K)
Building materials
Asbestos cement boards 0.43 0.74
Building brick 0.40 0.69
Building plaster 0.25 0.43
Concrete 0.54 0.93
Concrete blocks
Two oval core, 8 in. thick 0.60 1.04
Two rectangular core, 8 in. thick 0.64 1.11
Corkboard 0.025 0.043
Felt (wool) 0.03 0.052
Glass 0.3-0.61 0.52-1.06
Gypsum or plasterboard 0.33 0.57
Wood (laminated board) 0.045 0.078
Wood (across grain, dry)
Maple 0.11 0.19
Oak 0.12 0.21
Pine 0.087 0.15
Wood (plywood) 0.067 0.12
Rubber (hard) 0.087 0.15
Insulating materials
Air
32°F (0°C) 0.014 0.024
212°F (100°C) 0.0183 0.032
392°F (200°C) 0.0226 0.039
(Continued)

553



554  A.9. Thermal Conductivity of Construction and Insulating Materials

BTU w
h(f(° F) m(K)

Fiberglass (9 Ib/ft density) 0.02 0.035
Polystyrene

2.4 |b/ft density 0.019 0.032

2.9 Ib/ft density 0.015 0.026

1.6 Ib/ft density 0.023 0.040
Polyurethane (5-8.5 Ib/ft density) 0.019 0.033
Hog hair with asphalt binder

(8.5 Ib/ft density) 0.028 0.048
Mineral wool with binder 0.025 0.043

Metals

Aluminum

32°F (0°C) 117 202

212°F (100°C) 119 205

572°F (300°C) 133 230
Cast iron

32°F (0°C) 32 55

212°F (100°C) 30 52

572°F (300°C) 26 45
Copper

32°F (0°C) 294 509

212°F (100°C) 218 377

572°F(300°C) 212 367
Steel (carbon)

212°F (100°C) 26 45

572°F (300°C) 25 43
Steel, stainless type 304 or 302 10 17

Steel, stainless type 316 9 15



APPENDIX A.10

Thermal Conductivity of Foods

Thermal Thermal
Temp. conductivity Temp. conductivity

Food °C W/(m - K) Food °C W/(m - K)

Apple juice 80 0.6317 Lemon — 1.817

Applesauce 29 0.5846 Limes

Avocado — 0.4292 Peeled — 0.4900

Banana — 0.4811 Margarine — 0.2340

Beef 5 0.5106 Milk

10 0.5227 3% fat — 0.5296

Beets 28 0.6006 2.5% fat 20 0.05054

Broccoli —6.6 0.3808 Oatmeal, dry — 0.6404

Butter — 0.1972 Olive oil 5.6 0.1887

Butterfat —-10.6 100 0.1627

to 10 0.1679 Onions 8.6 0.5746

Cantaloupe — 0.5711 Oranges

Carrots peeled 28 0.5800
Fresh — 0.6058 Orange juice —18 2.3880
Puree — 1.263 Peaches 28 0.5815

Corn Peanut oil 3.9 0.1679
Yellow — 0.1405 Pear 8.7 0.5954
Dent — 0.577 Pear juice 20 0.4760

Egg white — 0.338 80 0.5365

Egg yolk 2.8 0.5435 Peas 2.8-

Fish -10 1.497 Blackeye 16.7 0.3115
Cod 3.9 0.5019 Pineaple — 0.5486
Salmon 25 1.2980 Plums — 0.5504

Pork 6 0.4881

Gooseberries — 0.2769 59.3 0.5400
Dry — 0.3288 Potato, raw — 0.554
Wet — 0.0277 Poultry, — 0.4119
Frozen broiler

(Continued)
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556  A.10. Thermal Conductivity of Foods

Thermal Thermal
Temp. conductivity Temp. conductivity

Food °C W/im - K) Food °C W/im - K)
Grapefruit — 1.3500 Sesame oil — 0.1755

Mashed Strawberries 13.3 0.6750
Honey 0.5019 —-12.2 1.0970

80% water 2 0.5019 Tomato — 0.5279

80% water 69 0.6230 Turkey 2.8 0.5019

14.8% water 69 2.4230 -10 1.461
Ice —-25 0.4500 Turnips — 0.5625
Lamb 5.5 0.4777

61.1

Source: Excerpted from Food Technol. 34(11): 76-94, 1980.



APPENDIX A.11

Spreadsheet Program for
Calculating Thermophysical
Properties of Foods from Their
Composition

E3 Microsoft Excel - app11
4 e -
@ File Edit “ew Insert Format Tools Data  Window Help

DEedan ERY sBRa-< - N B0%: '@_ » @ Security
arial + 10+ Style... Normal - B IO e e 0. O
c18 - fe =1.9842+(1.4733710~37B%1)-(4.6008™10~6™(B§1+2))
A B [ | D E
1 IEMPERATURE (°*CiT19 h
2 Thermal iajor Group models
3 property component temperature function
4 |k wter =5.7109* 041 +(1.762541 0°-3*B31 )-(6.7036*1 0~-64(BF1"2))
5 Wim°" C protein =1.78681*101+(1.19558*1 0°-3*B%1 )-(2.71 7641 0"-6%(BF1 "2))
B tat =1.8071*10%-1-(2.7604*1 0*-3*B51)-1.7749*1 D~ T*(BF1 “2)
[ carbohydrate =2.014* 0°1+(1.3874*10-3*B$1)-(4.331 241 0-B4(B$1 “2))
a8 fiber =1.8331*10-1+(1.2497*10-3*B%1 )-(3.1683*1 0~-B*(B$1"2))
9 ash =3.2962*10"-1+(1 4011 *10*-3*B%1 )-(2.9069*1 0"-6*(BF1"2))
10 p water =9.97168*1 0°2+(3.1439*1 0°-3*B$1)-(3.7574*10"-3*(BF1 "2))
11 kgim® protein =1.3299*103-5.184*10"-1"0%1
12 fat =9.2559*10°2-4 17571 0~1*B$1
13 carbohydrate =1.5991*10"3-3,1046*1 0"-1*B$1
14 | fiber =1.3115*1043-3.6589*1 0~1*B$1
15 ash =2 4236*103-2.8083*1 0°1°B§1
16 Cp water =4 1762-{9.0864*1 0*-5*B$1)+(5.47 31 11 0"-64BH1 *2))
17 kdkg'C protein =2,0082+(1.2089*1 0% 3* 6130151 29*1 0~B*(BF1*2))
ﬂ fat |=‘F S042+(1 4733107 3*0F1)-14.8003*1 0~-6*(BE12)) 1
Kl carbohydrate =1.5488+(1 9625*1 0~-3*B%1)-(5.9399*1 0~-6%(BF1*2))
20 tiber =1.3459+(1 53061 0°-3*B$1 1-(4.6509*1 0°-64(B51°2))
il ash =1.0926+(1 669610381 -(3.651 7106851 *2))
22 x mass fraction water 0.71
23 protein 019
24 | tat 0,078
25 | carbohydrate u}
26 fiber 0
27 ash 0.015
28 *ifpi [=3] i k = ZCkDCxv]
29| =C22iC10 =C16*C22 =C22*B$36/C10 =C4*D23
30 =C23/C11 =C17*C23 =C23*B$36iC11 =C5*D30
kil =C244C12 =C18*C24 =C24*B$361C12 =C6*D31
32 =C25iC13 =C19*C25 =C25"B%36iC13 =C7'D32
33| =C26/C14 =C20*C26 =C26*BH36/C14 =C3*D33
34 =C27iC15 =C21*C27 =C27*B$36IC15 =Ca*D34
335 =SUMB29:834) =SUM(C29:C34) =SUM(E29:E34)
3 p =1/835
37 a=kilpCp) =E35NB36*C354103)
38
1« » »\Sheet1 { Sheet? / Sheet3 / [«
Ready

' .' k.‘?!_t_a‘_ E& Ed Microsaft
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APPENDIX A.12

Correlation Equations for
Heat Transfer Coefficients

Correlation equations for heat transfer coefficients:
Very viscious fluids flowing inside horizontal tubes

0.33 e 0.33
Nu = 1.62 [erez} [1+0.015(Gr)**] [_f}

p“ﬂ

Very viscous fluids flowing inside vertical tubes
Nu = 0.255Gr*»Re* Pr®%

Fluids in laminar flow inside bent tubes

1+217[d
h=t| o] | 5]

h, = h in straight tube, d = tube diameter, D = diameter of curvature of bend.
Evaporation from heat exchange surfaces

49 _ 15.6P1%(T, — Ts)2.30/p°-24

A

q/A = heat flux, T,, = wall temperature, Ty = saturated temperature of vapor at pressure P.
Condensing vapors outside vertical tubes

[ L3p2gh 025
| REAT

Nu; = 0.925

Condensation outside horizontal tubes
- 0.25
Do’p? g)\:|

Nutpo = 0.73
1po | TkpAT

Condensation inside horizontal tubes

. 0.25
Di*pi(py — pu)g}

NMD,' =0.612
kwAT
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560 A.12. Correlation Equations for Heat Transfer Coefficients

Condensation inside horizontal tubes
Nup; = 0.024(Re)**(Pr)° P p.or,

Re is based on the total mass of steam entering the pipe. p.orr = [0.5/p:1(p1 — pv)(x; — X0).x = steam
quality, subscripts i and o refer to inlet and exit, and 1 and v refer to condensate and vapor.

Fluids in cross-flow to a bank of tubes

Re is based on fluid velocity at the entrance to the tube bank.

Tubes in line: a = diameter to diameter distance between tubes.

4
Nu = [1.517 + 205Re® 32 | —24
(4a — )

Tubes staggered, hexagonal centers; a = distance between tube rows.

0.36 4a
Nu = [1.878 + 0.256Re" "] | ——
(4a — m)

Laminar flow in annuli
De\™ [ D,\*? 0.14
Nu = 1.02Re*® pr%? (_e) <_2) GO0 ( > )
L D, 1

De = hydraulic diameter; subscripts 1 and 2 refer to outside diameter of inner cylinder and inside
diameter of outer cylinder, respectively.

Turbulent flow in annuli
D, 05
Nu = 0.02Re"8 pr0-33 (5)
I

Finned tubes
Nuy, Rey, and A use the outside diameter of the bare tube. A = total area of tube wall and fin.

Ay \ %7
Tubes in line: Nuy =0.3 R62-625 <7> p0-33

A\
Staggered tubes: Hu, = 0.45 Reg'625 (X) P03

Swept surface heat exchangers
N = rotational speed of blades, D = inside diameter of heat exchanger, V = average fluid velocity,
L = swept surface length.

N 0.17 D 0.37
Nu = 4.9Re’>7 pr047 <D—) <—>
% L

Individual particles
The Nusselt number and the Reynolds number are based on the particle characteristic diameter and
the fluid velocity over the particle.

Particles in a packed bed: Nu = 0.015 Re'® Pr%¢7

Particles in a gas stream: Nu = 2 4 0.6 Re®> Pr%-3
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Sources: Perry and Chilton, Chemical Engineers Handbook, 5th ed., McGraw-Hill Book Co., New
York; Rohsenow and Hartnett, Handbook of Heat Transfer, McGraw-Hill Book Co., New York;
Hausen, Heat Transfer in Counterflow, Parallel Flow and Cross Flow, McGraw-Hill Book Co., New
York; Schmidt, Kaltechn. 15:98, 1963 and 15:370, 1963; Ranz and Marshall, Chem. Eng. Prog.
48(3):141 1952.



APPENDIX A.13

Visual BASIC Program for

Evaluating Temperature Response

of a Brick-Shaped Solid

Option Explicit

Dim X

Dim i As Integer

Dim BI(3) As Single
Dim Delta1(6) As Single
Dim Delta2(6) As Single
Dim Delta3(6) As Single
DimYS, YC, TS, TC

Const TM =177
Const TO=4
Const L1 =0.0245
Const L2 = 0.0256
Const L3 = 0.0254
Const H1 =6.5
Const H2 = 6.5
Const H3 = 6.5
Const K =0.455
Const Rho = 1085
Const Cp = 4100

Dim TIMX

Dim d1, d2, d3

Dim YS1, YC1, YS2, YC2, YS3, YC3
Dim YXn, YCN, YCXn

Dim test

Dim Numx(6), DeNumx(6)
Dim YX(6), YCX(6)

563

(Continued)



564  A.13. Visual BASIC Program

Dim j As Integer
Dim fh
Dim LPHA As Variant

Sub TEMPSLAB()

LPHA =K/ Rho/Cp
Debug.Print "alpha=" & LPHA

Worksheets("sheet1").Cells.Clear
BI(1)=H1 *L1/K
Debug.Print “BI(1)” & BI(1)

Bl(2)=H2*L2/K
Debug.Print "bi = " & BI(2)
BI(8)=H3*L3/K
Debug.Print "bi =" & BI(3)
Call toexc

j=1

For TIMX = 0 To 4800 Step 600
Call DELN(BI(1), L1)
YS1=YXn

YC1=YCXn

d1 = Delta1(1)

Call DELN(BI(2), L2)
YS2 = YXn

YC2 = YCXn

d2 = Deltal(1)

Call DELN(BI(3), L3)
YS3 = YXn
YC3 = YCXn

d3 = Deltat(1)

YS=YS1*YS2*YS3
YC=YC1*YC2*YC3

TS=TM-YS * (TM - TO)
TC=TM-YC * (TM - TO)
If TIMX <> 0 Then Debug.Print "TIME =" & TIMX, "TS =" & TS, "TC =" & TC

Call toexcel(j, TIMX / 60, Format(TS, "0.000"), Format(TC, "0.000"))

j=j+1

Next TIMX

fh=1/(LPHA * 0.4343 * (d1°2/L1°2) + (d2°2/L2"2) + (d3" 2 /L3 " 2)))
Debug.Print "FH=", th

Call toexc1(th, TM, TO, L1, L2, L3)
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End Sub
Sub DELN(BI, L) 'DETERMINE ROOTS OF DELTA1
Delta1(1) = DntanDn(0, 1.57, BI)

Delta1(2) = DntanDn(3.14, 4.71, BI)
Delta1(3) = DntanDn(6.28, 7.85, BI)
Delta1(4) = DntanDn(9.42, 11, BI)
Delta1(5) = DntanDn(12.5, 14.1, BI)
Delta1(6) = DntanDn(15.7, 17.3, BI)
Fori=1To 6

Numx(i) = 2 * Sin(Delta1(i)) * Cos(Delta1(i))

DeNumx(i) = Delta1(i) + Sin(Delta1(i)) * Cos(Delta1(i))

YX(i) = (Numx(i) / DeNumx(i)) * Exp(-LPHA * TIMX * Delta1(i) "2 /L "~ 2)
YCX(i) = YX(i) / Cos(Delta1(i))

Next i

YXn = YX(1) + YX(2) + YX(3) + YX(4) + YX(5) + YX(6)
YCXn = YCX(1) + YCX(2) + YCX(3) + YCX(4) + YCX(5) + YCX(6)

If YXn>1Then YXn =1
If YCXn >1Then YCXn =1

End Sub

Function DntanDn(Lo, Hi, BI)

Do

X'=0.5* (Lo + Hi)

test = X * Tan(X) - Bl

If test > 0 Then Hi = X Else Lo = X
If Abs(Hi - Lo) < 0.00001 Then GoTo LABEL
Loop While Abs(test) > 0.001
LABEL:

DntanDn = X

End Function

Sub toexc()

With Sheets("sheet1")
.Cells(1, 1).Value = "alpha= "
.Cells(1, 2).Value = LPHA
.Cells(2, 1).Value = "bi(1)"
.Cells(2, 2).Value = BI(1)
.Cells(3, 1).Value = "bi(2)"
.Cells(3, 2).Value = BI(2)
.Cells(4, 1).Value = "(bi(3)"
.Cells(4, 2).Value = BI(3)
.Cells(5, 1).Value = "time": .Cells(5, 2).Value = "tsurf": .Cells(5, 3).Value = "tcent"
End With

End Sub

(Continued)
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Sub toexcel(j, tx, surf, cent)

With Sheets("sheet1")

.Cells(j + 5, 1).Value = tx

.Cells(j + 5, 2).Value = surf

.Cells(j + 5, 3).Value = cent

End With

End Sub

Sub toexci(fh, TM, TO, L1, L2, L3)

With Sheets("sheet1")

.Cells(j + 5, 1).Value = "fh = ": .Cells(j + 5, 2).Value = th
.Cells(j + 6, 1).Value = "Tm = ": .Cells(j + 6, 2).Value = TM
.Cells(j + 7, 1).Value = "TO = ": .Cells(j + 7, 2).Value = TO
.Cells(j + 8, 1).Value = "L1 =": .Cells(j + 8, 2) = L1

.Cells(j + 9, 1).Value = "L2 = ": .Cells(j + 9, 2).Value = L2
.Cells(j + 10, 1).Value = "L3 = ": .Cells(j + 10, 2).Value = L3
End With

End Sub
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Visual BASIC Program for
Evaluating Local Heat Transfer
Coefficient from Temperature
Response of a Brick-Shaped Solid

Sub localh()

scalculate h from Fh

Fh = 33596

L1 =0.0254

L2 =0.0508

L3 =0.1016

k = 0.455

RHO = 10855

Cp =4100

ALPHA =k /(RHO * Cp)

h =375

Do

Bil=h*L1/k

Bi2=h*L2/k

Bi3=h*L3/k

Deltal = getDelta(Bil)

Delta2 = getDelta(Bi2)

Delta3 = getDelta(Bi3)

testth2 = testth

testth = 1 — (Fh * ALPHA * 0.4343 * ((Deltal ~2 /L1 " 2) + (Delta2 ~ 2/
L2"2) 4 (Delta3 2" L3 "2)))

If testth > 0 Then dh = 0.001 Else dh = —0.001
h=h+dh

Debug.Print h, testth

If testth2 <> Empty Then If testth / testth2 < 0 Then Exit Do
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568  A.14. Visual BASIC Program

Loop While Abs(testth) > 0.01
MsgBox "Heat transfer coef, H Test” & Chr(13) & h —dh & """ &
testfh2 & Chr(13) & h & """ & testfh

End Sub

Function getDelta(Bi)

Lo=0

Hi=2

Do

x = 0.5* (Lo + Hi)

Test = x * Tan(x) — Bi

If Test > 0 Then Hi = x Else Lo = x
If Abs(Hi - Lo) < 0.00001 Then Exit Do
Loop

getDelta = x

End Function



APPENDIX A.15

Thermal Conductivity of Water as a
Function of Temperature
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A.15. Thermal Conductivity of Water as a Function of Temperature
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APPENDIX A.16

Density of Water as a
Function of Temperature
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A.16. Density of Water as a Function of Temperature
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APPENDIX A.17

Viscosity of Water as a
Function of Temperature
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A.17. Viscosity of Water as a Function of Temperature
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Index

Absolute pressure 106

Absolute temperature 106
Accuracy definition 51

Adiabatic processes, gases 117, 118
Air classification 508-509
Arrhenius equation 294

Ascorbic acid half-life 12

Back extrusion, fluids 172178

Base unit definition 51

Bernoulli equation 205-207

BET equation, sorption, water activity 439—440

Black body radiation 233

Blending of ingredients, material balance formulation
80-85

Brick-shaped solid 271-272

Broken heating curve, thermal process 365-371

Bromley’s equation, water activity 438

Buoyant force 504-506

Cartesian coordinate system 2

Clausius-Clapeyron equation 120

Combined conduction and convection 249

Component mass balance, equation formulation
69-70

Compressor, refrigeration, power requirement
395-397

Concentration changes material balance 72—73

Conduction heat transfer 223-232

Conservation of mass, law 65

Consistency index 154

Constant rate air drying, heat and mass transfer
458-461

Constant rate drying 455

Constraints in material balance problems 85-88
Continuity principle 195-196

Continuous versus batch process 74—75

Controlled atmosphere storage 403—409
Convection heat transfer 232-233

Conversion factors, table 533-535

Conversion of units using dimensional equation 55-58
Correlation coefficient 3

Critical conditions, gases 112

Crystallization process flow diagram 66
Crystallization, material balance 93

Crystallizer, mass balance equation formulation 70
Curve fitting 1

Curve fitting linear 5

Curve fitting, non-linear 5

D value, microbial inactivation 310
Derivative, definition 32

Derived unit definition 51

Determinants in Microsoft Excel 26, 27
Dialysis 502

Dielectric heating 240244

Differential equations 4344

Differential equations by finite difference 4445
Differentiation formulas 33

Diffusion, in extraction 516-517
Dimensional consistency of equations 58—61
Dimensional constant g 57

Dimensional equation 55

Dimensional equations, conversion 59-61
Dimensionless quantities 257-258

Drag coefficient 507-508

575



576  Index

Drag force 506-507
Drying stages 455456
Drying times prediction from drying data 456456

Ejector, steam jet, evaporator vacuum 417-419
Energy Balance Equation 125, 126

Energy exchange thermal radiation 236-242
Enthalpy 126

Enthalpy change, freezing 131-136, 135-136
Entrainment, evaporators 427-428

Entropy 115

Enzyme reactions 289-291

Equilibrium in extraction 517

Equilibrium, thermodynamic 115

Evaporator economy 422

Evaporator vacuum, maintenance 417419
Evaporator, boiling point, fluids 415
Evaporator, condenser 415-417

Evaporator, falling film 421

Evaporator, heat exchanger 419422
Evaporator, multiple effect 423-427
Evaporators single effect, components 413-422
Exponential functions 29

Extraction stages, determination 518-519
Extraction, continuous, conveyor 516
Extraction, continuous, rotating basket 515
Extraction, countercurrent, 514

Extraction, material balance 90-93
Extraction, single stage, batch 514

Extrinsic thermodynamic property 114

Falling films, constant thickness 187—189
Falling films, time dependent thickness 189-192
Falling fluid film, processes 192-193

Falling rate drying 456

Filter cake resistance, determination 477-482
Filter cake resistance, time dependent 482—485
Filter medium resistance 477-482

Filter, plate and frame 477

Filter, rotary vacuum 477

Filter, vertical leaf 477

Filtrate flow, filer cake 476478

Filtration cycle, optimization 485487
Filtration test cell 479

Filtration, constant pressure 478482
Filtration, depth 475

Filtration, filter aid 476

Filtration, surface 475

Finned heat transfer surfaces 192193

Flame sterilization system 308

Flexible pouch thermal processing 306—308

Flow behavior index 154

Flow resistance Newtonian fluids 198-202

Flow resistance non-Newtonian fluids 202-204

Flow resistance, pipe fittings 204-205

Fo value of thermal process, general method
336-339

Fo values, commercial sterilization 319

Fourier’s first law 223

Fourier’s second law 220-228

Freeze drying 465-469

Freezing load, entering product 401-402

Freezing point depression 133—134

Freezing rates 276279

Frozen food, liquid water 134-135

GAB equation, water sorption isotherm 440-442

Gage pressure 106

Gas mixtures 112-114

Gas mixtures, condensation 120-122

Gases, density determination by ideal gas equation
109

Gases, kinetic theory 105, 106

Gases, quantity 107, 108

Gases, Van der Waals constants 111

Generation time of microorganisms 11

Gibbs-Duhem equation, water activity 436—438

Glass containers, thermal processing 308

Graetz number 258

Graph logarithmic 8

Graph semi-logarithmic 8

Graphical integration by rectangular rule 41

Graphical integration by Simpson’s rule 42

Graphical integration by trapezoidal rule 42

Graphing 1

Grashof number 257

Gray body radiation 233

Gurney-Lurie charts 273

Hayakawa’s procedure, tables 350-360

Heat and mass transfer, dehydration 453455
Heat balance calculations 143-149

Heat exchange calculations 255-256

Heat exchanger, double pipe 251

Heat exchanger, multiple pass 253

Heat exchanger, plate 253

Heat exchanger, shell and tube 252

Heat exchanger, swept surface 252

Heat generation, produce 399-400

Heat incursion, refrigerated rooms 397-398
Heat penetration curves, parameters 340-349
Heat pump, refrigeration system 379-380



Heat resistance, microorganisms, acid and pasteurized
foods 319

Heat resistance, microorganisms, low acid food 318

Heat transfer coefficient, forced convection 259-260

Heat transfer coefficient, local 257-267

Heat transfer coefficient, natural convection 259

Heat transfer coefficient, overall 249-251

Heat transfer resistance 248

Heat transfer to non-Newtonian fluids 260-266

Heissler charts 274-276

Herschel-Bulkley fluids 155

High pressure systems 332-333

Hydrostatic cooker 302-303

Ideal gas equation 108

Ideal gases, PVT relationships 108, 109
Inactivation curves, shape, equations 310-314
Infinite slab 271

Inoculated packs, inoculation levels 316-317
Integral, definition 38

Integration by partial fractions 39

Integration by parts 39

Integration by substitution 39

Integration formulas 38-39

Intercept from regression analysis 3

Intercept of full log and semi-logarithmic graph 15
Intrinsic thermodynamic property 114
Irradiation, thermal 233

Isothermal processes, gases 117-119

Juice blending material balance 68—69

Kinetic constants, chemical reactions, food 291

Kinetic parameters, reactions, determination
296-297

Kirchoff’s law 233-234

Lambert’s law 236

Laminar flow 196-197

Lang-Steinberg equation, water activity 438-439
Law of conservation of mass 65

Least cost formulations 85-88

Lethality, thermal process 314

Linearization 2, 5

Logarithmic functions 31

Logarithmic graph 8

Log-mean temperature difference 254-255

Mass diffusion, drying 443-446
Mass transfer, air drying 446449
Mass transfer, membranes 494495

Index 577

Maximum and minimum values by differential
calculus 35-37

Maximum fluid velocity 158, 159

Meats blend, material balance equation formulation
71

Mechanical energy balance, fluid flow 205-207

Membrane permeation rate, temperature effect 502

Membrane separations 487-489

Membrane systems 489-491

Microbial growth curve 10

Microbial inactivation rates, constant temperature
310-314

Microbial inactivation rates, temperature effect
321-323

Microbial inactivation, flowing fluids 323-329

Microbial inactivation, high pressure 335

Microwave heating 240-244

Modified atmosphere packaging 409—410

Momentum balance 193-195

Net positive suction head 213

Newtonian fluid 153-154

Newton-Raphson iteration process 16

Non-linear equations by regression 4
Non-Newtonian fluid 153-154

Norrish’s equation, water activity 435-436

Nusselt number 257

Nutrient degradation, heated flowing fluids 329-332

Partial sterilization technique, D value 317-318

Pasteurization, flowing fluids, time-temperature
323-326

Pasteurization, high pressure 323-336

Peclet number 258

Pipe dimensions, table 198

Plotting linear equations 3

Poiseuille equation 155-157

Polarization concentration, membrane 491-495

Ponchon-Savarit, extraction 519-528

Power functions 29

Prandtl number 257

Precision definition 51

Preserves, jams and jellies 89-90

Pressure, gage, absolute, and vacuum 106

Pressure-enthalpy diagram, refrigeration cycle
383-384

Probability of spoilage, thermal process 363—-364

Process flow diagrams, drawing 65-66

Programming in Microsoft Excel 20

Protein Efficiency Ratio (PER) by regression 3

Pseudoplastic fluid 155



578  Index

Psychrometric chart 450-453
Psychrometry, equations 449453
Pump selection 211-212

Pump, types 210

Pumps, performance curves 212-214

Q10 value, reaction rates 295
Quality factor degradation 371-373

Radiant energy view factors 236242

Radiation heat transfer 233-243

Radiation pyrometers 247

Radiation, thermal, energy exchange 236242

Radiation, thermal, spectrum 233

Rayleigh number 258

Reaction order, first order 291-292

Reaction order, nth order 292

Reaction order, second order 292

Reaction order, zero order 291

Reaction rate constant 293-294

Reaction rate constant, temperature dependence 294

Reaction rate, product limiting 292-293

Reaction rates, theory 285

Reactions, bimolecular 287

Reactions, enzyme 289-291

Reactions, food, kinetic constants 291

Reactions, reversible 287-289

Reactions, unimolecular 286

Recycle, material balance 76

Reflectivity, radiation 233

Refrigerant charts, enthalpy-pressure diagram
386-389

Refrigerants 380-382

Refrigerants currently used 381

Refrigerants, global warming potential 380-381

Refrigeration condenser, heat exchange 192-393

Refrigeration cycle 382-383

Refrigeration evaporator, heat exchange 192—-193

Refrigeration load calculations 397-402

Refrigeration load, cooling of entering product
401402

Refrigeration, coefficient of performance 385

Refrigeration, cooling capacity 384

Regression, linear 2

Regression, polynomial 2

Rejection, solute, membranes 494495

Resistance temperature devices 245

Respiration of produce 402

Retort, spray, full water immersion 307

Retort, steam-air medium 306

Retorts, continuous, agitating 303-304

Retorts, crateless 304-305

Retorts, stationary 301-302

Reverse osmosis 498-502

Reynolds number 196

Rheology 155

Roots of polynomial equations by factoring 16

Roots of polynomial equations by iteration 16

Roots of polynomial equations by Newton-Raphson
16

Roots of quadratic equations 16

Rotational viscometer, narrow gap 178—-180

Rotational viscometer, wide gap 182—187

Rounding-off rule 54

Semi-infinite slab 269-271

Semi-logarithmic graph 8

Shear rate 153

Shear rate at wall 158, 159

Shear stress 153

SI base and derived units 53

SI system of units 52

ST units prefixes 53, 54

Sieves, standard sieve sizes 503

Sieving, particle size analysis 503

Significant digits 54

Simpson’s rule, integration 42

Simultaneous equations solution by determinants 25

Simultaneous equations solution by elimination 23

Simultaneous equations solution by substitution 23

Slope from regression analysis 3

Slope of a function from the derivative 33

Slope of full log and semi-logarithmic graph 15

Slope-Intercept form of line 3

Solubility of solute in extraction 517

Solver Macro in Microsoft Excel 27

Sorption isotherms, equation, low moisture foods
442-443

Specific heat at constant pressure, gases 116

Specific heat at constant volme, gases 116

Specific heat, solids and liquid 127-131

Specific heats, gases and vapors 136—138

Sperry equation, filtrate flow 478

Spray drying 461-465

Spreadsheets 20

Steady state material balance 72

Steam quality 138, 139

Steam, saturated, properties 139-141

Steam, superheated, properties 141-143

Stephan-Boltzman’s law 234

Sterilization, continuous flow 308-309

Sterilization, fluids with particulates 336



Sterilization, high pressure 335-336

Sterilization, surfaces, packaging materials 319-321

Sterilizing filtration 495-497

Sterilizing value, thermal process 314

Sterilizing value, thermal process, acceptable value
314-316

Storage conditions, fresh produce 403

Stumbo’s procedure, tables 350-352

Supercritical conditions, in extraction 530

Supercritical fluid extraction 528-531

Supercritical fluid extraction system 529

System boundaries, setting-up 67

Temperature effects, rheological properties
170-172

Temperature measurements 247

Temperature profile, steady state conduction
228-231

Termnal velocity 507

Thermal conductivity from composition 224-225

Thermal process calculations, formula method
349-364

Thermal process effects on quality 371-373

Thermal process optimization, reaction rate data
297-298

Thermal process, broken heating curve 365-371

Thermal processing, steam-air mixtures 309-310

Thermal stabilization of foods, process and systems
301-310

Thermocouples 245-246

Thermodynamic processes, refrigeration cycle
383-386

Thermodynamic properties 114

Thermodynamics, first and second laws 115

Thermometers, bimetallic strip 245

Thermometers, liquid in glass 244-245

Total mass balance, equation formulation 67

Transmissivity, radiation 233

Turbulent flow 196197

Index 579

Ultrafiltration, material balance 96-98

Units of terms in equations 57-58

Units, systems of measurement 52

Unsteady state heat transfer 267-276

Unsteady state heating, infinite thermal conductivity
267-268

Unsteady state material balance 73-80

Vacuum 106

Vacuum belt drying 469-470

Van der Waals equation of state 110-112
Vapor pressure, liquids 119-120

Vapor recompression, evaporator 423
Velocity profile Newtonian fluid 157
Velocity profile non-Newtonian fluid 158-159
Viscometer, forced flow 161, 167-170
Viscometer, glass capillary 160-161
Viscometer, tube 161-166

Viscometry, tube 155

Viscosity, apparent 154—155

Viscosity, definition 153

Visual BASIC Microsoft Excel 18
Visual Basic programming 18

Volume changes on mixing 73-74

Wall effects tube viscometer 166—167

Water activity from osmotic pressure 433
Water activity, definition 431

Water activity, electrolyte solutions 438
Water activity, food deterioration 432

Water activity, high moisture 433-438

Water activity, low moisture foods 439-443
Water activity, multicomponent solutions 436438
Water activity, sugar solutions 435-436
Water activity, thermodynamic basis 431-432
Wein’s displacement law 234-235

7 value, reaction rates 295-296
Z values, quality degradation, foods 298





