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1.1.1 Nhiét dung riéng

C, =C,,.M +C_ .M +C .M +C ..M +C_ .M, +C,;.m

Cp: nhiét dung rieng (KJ/kg.K)
p: thanh phan protein

F: thanh phan chat béo

C: thanh phan carbonhydrate
a: tro

u: lwong nwéc chwa dong bang
I. da




1.1.2. Do dan nhiét

- Bién d6i nhanh theo sy thay doi cta nhiét dé
- Phirc tap, kho tinh chinh xac

- Dy dodn theo thanh phan san pham

k=k,m,+k,m; +km,+km,+k,m,+km




1.1.3. Enthalpy

Enthalpy bang 0 tai -40°C

Ti
H=m,c, j dT +m,.c,, de+ jm (T).C,, (T)dT
—40°C —40°C

+m,(T).L+ }mi (T).c,(T)dT

—40°C



1.1.4. Sw khuéch tan nhiét

k(T
a,(T)= ()
pM o) |
dH
CoalT) =T

TEMPERATURE

M®&i quan hé giira hé s6 khuéch tan nhiét va nhiét d6 sdn pham

trong qua trinh déng lanh (Heldman, 1983)




Table A.2.1 Specific Heat of Foods

Composition (%)

Spechic heat

Eq. (4.4) Experimental®
Product Water Protein Carbohydrate Fat BAsh (hedifkeg KD (k)i [heg K1)
Beef (hamburger) &8.3 20.7 0.0 100 1.0 335 3.52
Fish. cannad J0.0 271 0.0 0.2 2.6 335
Starch 12.0 0.5 g7.0 o2 0.2 1.754
Crange juice ar.s 0.8 11.1 0.2 0.4 3.882
Livar, raw beaof 4.9 150 0.9 o1 1.1 3525
Dy miilk, nonfat 25 E L 52.0 1.0 749 1.520
Butter 15.5 06 0.4 81.0 2.5 2043 2.051-2135
Milk. whole pasteurized B7.0 3.5 4.9 3.9 Loy 3.831 3.852
Bluebearries. syrup pack F3.0 0.4 236 04 2.6 3445
Cod, raw 22.6 150 0.0 g 2.0 .67
Skimn milk 0.5 3.5 5.1 o1 0.8 3.935 39772019
Tomato soup, concantrate 21.4 1.8 14.6 1.8 0.4 3.676
Beef, lean Fy.o 220 — — 1.0 57D
Egag yolk 49.0 120 - 110 1.0 2449 2810
Fish, fresh Fe.0 190 — — 1.4 N 3500
Beef, lean 7.7 218 0.0 5.7 1.0 2437 2433
Potato T8 2.1 17.1 o1 0.9 3.634 3517
Apple, raw 244 0.2 14.5 G 0.3 A.T759 17264019
Bacomn 49,9 275 0.3 17.5 4.7 2.851 2.01
Cucumbear 5.1 0.5 1.2 o1 1.4 4061 4703
Blackberry, syrup pack 6.0 0.7 229 0.2 a2 3.521
Potato F5.0 o0 23.0 LR 2.0 3.483 3.517
Veal &8.0 2710 0.0 10 1.0 3399 3273
Fish 0.0 150 4.0 o2 Loy 3651 3.60
Cheese, cottage 5.0 250 1.0 2.0 F.0 3.215 3.265
Shrimp [ % 268 0.0 14 0.0 3403 3.014
Sardines 574 257 1.2 110 0.0 302 2.0743
Beef, roast 0.0 250 0.0 130 0.0 2115 3.0586
Carrot, fresh 28.2 1.2 9.3 o2 1.1 38649 3.871-32.935

Saurce: Adapted fram Heddman

g Simgi (T95T)

“Experimernidtal specific heat walues from Reldy (13680




Table A.2.2 Thermal Conductivity of Selected Food Products

Table A.2.2 [Continued)

Moisture Thermal Molsture Thermal
content Temperature  conductivity content Temperature  conductivity
Product (9%) (°C) (W/Im °Cl) e (%) as) (W/mC])
Apple BS.E 2-35 0.393 Millk, skmmed - 15 0538
- B0 (1% &
Applasauca 7B8 2-35 0516
Millk, monfat diry 4.z I9 04149
Beef, freeze dried
1000 mim Hg pressure - o 0.065 Olive ol - 15 0189

0.007 mm Hg prassure - [1] 0.037 - oo 0163
Beef. lean Oranges, comibinesd - 30 0431

Perpendicular to fibers 789 7 0.476 Peas, black-eyad - 3-17 0312

Perpendicular to fibers 789 62 0.485 Pork

Parallel to fibers 7B.F B 0.421 : fioular 1o fil 750 & 0,458

Parallel to fibers 7B.7 61 0.447 &0 054
Beef fat - 2438 0o1e rarallel o fibers 75.9 4 0443
Butter 15 15 0.197 Bl 0489
Cod 83 28 0.544 Pork fat - 25 0.152
Corn, yellow dust 0.91 8 52 0.141 Potato, raw flesh ars 12 0554

302 852 0.172 Potato, starch gel - 1-&7 0.04
Eag. frozen whola - -10to -6 097 Poultry, broller musche &9.1-74.9 4-27 0412
Eag, whita - 316 0.577 salmaon
Ega. yolk - a3 0338 Perpendicular to fibers 73 1 0502
Fish muscle - 0-10 0.557 salt - B7 0247
Grapefruit, whole _ 10 0.45 Salsade mixbure 65.72 24 0407
Honey 126 2 0.502 soybean oil meal 13.2 7-10 il et
BO 2 0344 strawbemies - 14-25 DAETS
14.8 63 0523 Sugars - 2553 0087 -0.2F
BO &9 0415
_ Turksy, breast
Juice, apple 7.4 20 0559 Perpendicular to fibers 74 3 0502
874 8O 0632 Parallel to fibers 74 3 0523
36.0 20 0.389
36.0 80 0.436 veal
rerpendioular to fibers 75 & 0ATE
Lamb &2 0459
Perpendicular to fiber 718 5 0.45 rarallel o fibers 75 5 0441
(] 0478 &0 0452
Parallel to fiber 710 > 013 vagsatable and animal olls 4-1E7 0169
[ 0422 ’

i wheat flour B.& 43 045
Milk - Ev) 0.530 5.5 0689
Milk, condensed 90 24 0.571 1.7 0543

- 8 0641 whey B0 0641
50 26 0.329
_ 78 0.364 Sowrre Beicy (1968,




Table A.2.2 Thermal Diffusivity of Some Foodstuffs

Table A.2.4 Viscosity of Liquid Foods

Temperature Viscosity
Product Composition (*C) (Pa s)
Cream 10% fat 40 0.00148
10% fat & 0.00107
10% far 80 0.00083
Cream 20% far & 0.00171
30% fat & 0.00289
A0% fat & 0.00510
Homogenized milk - 20 0.0020
- 40 0.0015
— a0 0.000775
- a0 0.0006
Raw milk - 0 000244
- 10 0.00264
- 20 0.00199
- 0 0.00149
- 40 0.00123
Com oil - 25 0.0565
- g 0.0317
Cottonseed oil - 20 0.0704
- g 0.0306
Peanut oil - 25 0.0656
- 1B 0.0251
Safflower oil - 25 0.0522
- 38 0.0286
Soybean oil - 30 0.04
Honay, buckwheat 186% TS, 248 186
sage 186% TS, 259 B.B8
white clover 182 TS, 25.0 480
Apple juice 207 Brix 27 0.0021
60" Brix 27 0.02
Grape juice 200 Brix 27 0.0025
60" Brix 27 01
Com syrup 484%T5. 7 0.053

Water content  Temperature”  Thermal diffusivity
Product (%6 wt.) (°C) (% 10~ m¥/s)
Fruits, vegetables, and by-products
Apples, whole, Red Delicious 85 0-30 1.37
Applesauce 37 5 1.05
37 65 1.12
B0 5 1.22
B0 65 1.40
- 26-129 1.67
Avocado, flesh - 24,0 1.24
Seed - 24.0 1.29
Whole - 41,0 1.54
Banana, flesh 76 5 1.18
76 65 142
Beans, baked - 4122 1.68
Cherries, tart, flash - 30,0 1.32
Grapefruit, Marsh, flesh B35 - 1.27
Grapefruit, Marsh, albedo 72.2 - 1.09
Lemon, whole - 40,0 1.07
Lima bean, pureed - 26-122 1.80
Pea, puread - 26-128 1.82
Peach, whole - 27.4 1.39
Potato, flash - 25 1.70
Potato, mashed, cooked 78 5 1.23
78 65 145
Rutabaga - 48,0 1.24
Squash, whole - 47,0 1.71
Strawberry, flesh 92 5 .27
Sugarbeet - 14, 60 1.26
Sweat potato, whole - is 1.06
- 55 1.39
- 70 1.91
Tomato, pulp - 4 .26 1.48
Fish and meat products
Codfish 81 5 1.22
81 65 1.42
Comed beef 65 5 1.32
65 65 1.18
Beef chuck? 66 40-65 1.23
Beef, round® 71 40-55 1.33
Beef, tongue® 68 40-65 1.32
Halibut 76 40-65 1.47
Ham, smokad &4 5 1.18
Ham, smokad &4 40-65 1.28
Water - 30 1.48
- 65 1.60
lca - 0 11.82

Sauwvrce: Steffe (1983)




Table A.2.9 Coefficients to Estimate Food Properties

Standard
Property Component Temperature function Standard error U Error
k (W/m=C) Protein k=17881 10" +1.1958 x 10 T- 27178 x 10 57 0.012 5.91
Fat k= 18071 =10 "-2.7604 = 10 3T -1.7749 > 107712 0.0032 1.95
Carbohydrate kE=20141 % 107" + 13874 = 103T-43312 = 10572 0.0134 5.42
Fiber k=1.83313 10" + 1.2497 x 10 °T- 3.1683 x 101 0.0127 5.55
Ash kE=3.2962 > 107" + 14011 = 10 3T- 29069 = 10 572 0.0083 2.15
Water k=57109 % 10" + 1.7625 x 10 3T- 67036 x 10572 0.0028 0.45
lce k= 22196 -62489 = 10 3T +1.0154 = 1079712 0.0079 0.79
ex (mm?/s) Protain = 68714 = 1072 + 47578 > 1079T- 1.4646 = 10572 0.0038 4.50
Fat o = 98777 = 1072 - 1.2569 = 10T - 3.8286 »= 10972 0.0020 2.15
Carbohydrate = B.0B42 = 1072 + 53052 > 107 9T- 23218 = 107572 0.0058 5.54
Fibar = 7.3976 x 1072 4+ 51902 = 1097 - 22202 = 1051 0.0026 3.14
Ash o= 12461 % 107" + 3.7321 x 109T-1.2244 > 107 0.0022 1.61
Water a= 13168 = 107" + 6.2477 = 107 9T- 2.4022 = 1057 0.0022 x 107" 1.44
lce = 1.1756 - 60833 = 10 3T + 9.5037 = 1072 0.0044 > 10~ ¢ 033
o (kg/m?) Protein o= 13299 = 10° - 51840 = 10°'T 3199501 3.07
Fat p=9.2559 10" — 41757 = 10°'T 42554 0.47
Carbohydrate e= 15991 = 10° -3.1046 = 10°'T 93.1249 5.98
Fiber g=13115 = 10° - 36589 = 10°'T B.2687 0.64
Ash p=24238 x 10° - 28063 = 10°'T 2.2315 0.09
Water p=99718 x 10° + 3.1439 % 10 T-37574 x 1017 2.1044 0.22
lce o=9.1689 = 10F - 13071 =< 10T 0.5382 0.06
cp (k/kg™C) Protein €, = 2.0082 + 1.2089 > 1073T- 13129 x 107572 0.1147 5.57
Fat c, = 1.9842 + 1.4733 < 10 T - 4.8008 = 10477 0.0236 1.16
Carbohydrate €p = 1.5488 + 1.9625 x 10T - 59399 x 10 °7* 0.0986 5.96
Fiber €, = 1.8459 + 1.8306 < 10 3T - 46509 x 10572 0.0293 1.66
Ash ¢, = 1.0926 + 1.8896 = 10T - 36817 x 10772 0.0296 247
Watar® Cp = 40817 - 53062 x 107°T + 9.9516 x 10*T* 0.0988 2.15
Watar® €, = 41762 - 9.0864 x 107°T + 54731 x 107572 0.0159 0.38
lce €, = 20623 + 6.0769 > 1073T 0.0014 0.07

T For the temperature range of —40 to O°C

Y For the temperatre range of 8 fo 1.50°C




Table A.2.1 Physical Properties of Metals

Properties at 20°C

o p k a3
Metal (kg/m3) (kg *C) (W m = C) (10" m2/fs)
Aluminumm
Pure 2707 0.B96 203 BA418
Al-Cu (iDuralurmin, 94—96% Al, 3-5% Cu, trace Mg) 2787 0.BE3 164 8.675
Al-5i (Silumin, copper-bearing: 86.5% Al, 1% Cu) 26559 0.867 137 5.933
Al-5i (Alusil, 7E8—809% Al, 20-229% 5i) 2827 0.854 161 FAT7T2
Al-Mg-5i, 978 Al 1%Mg. 1% Si, 1% Mn 2707 0.892 177 73211
Lead 11,3732 01320 a5 2.343
Iroam
Pure 7BO7 0452 73 2.034
Steal
[C max = 1.5%%):
Carbon staal
C= 0.5% 7B33 0455 54 1.474
1.00%: FBO1 0473 43 1.712
1.50% 7753 0585 35 0970
Mickel staal
Mi= 0%% 797 0452 73 2026
200 7933 045 1= 0.526
400G 2159 045 10 0279
B0 2518 045 35 0872
Inwvar 36% Mi 8137 045 10.7 0.286
Chrome steal
Cr= 0%% 797 0452 73 2026
184 7B&5 045 &1 1.665
L 7E332 045 A0 1.110
200 7689 045 22 .635
Cr-Mi (chrome-nickel)
15% Cr, 10%: Mi TB6S 045 15 0.526
18% Cr, 8% Ni (W2A) 7B17 046 163 044949
20% Cr, 15% Mi B33 045 15.1 415
25% Cr, 20%: Mi 7BE5 0.5 12.8 0L.3a0
Tungsten steal
W= 0% 797 0452 73 2026
W= 1% TO13 0448 [ 1.858
W= 5% 2073 0435 54 1.525
W= 109 2314 019 48 1.391
Copper
Pure 8954 03831 JI86 11.224
Aluminum bronze (95% Cu, 5% Al) 8666 0410 B3 2330
Bronze (75%, 25% 5n) B565 0343 26 0859




Table A.3.1 (Continued)

Properties at 20°C

o p k o

Metal (kg/m?) (kJ/kg "C}) (W/m*"C) (% 1077 m?/s)
Red brass (85% Cu, 9% 5Sn, 6% Zn) 8714 0385 61 1.804
Brass (70% Cu, 30% Zn) 8522 0.385 111 3412
German silver (62% Cu, 15% Ni, 22% Zn) 2618 0354 249 0.733
Constantan (60% Cu, 40%: Ni) 8922 0410 227 0612
Magnesium

Fure 1745 1.013 171 9.708

Mg-Al {electrolytic), 6-8% Al, 1-2% Zn 1810 1.00 65 2605
Molybdenum 10,220 0.251 123 4.790
Nickal

Pure (99.9%) 8906 04459 90 2.266

Mi-Cr (90% Ni, 10% Cr) 8665 0444 17 0444

8096 Mi, 20% Cr 2314 0444 126 0.343
Silver

Purest 10,524 0.2340 419 17.004

Pure (99.9%) 10,524 0.2340 407 16.563
Tin, pure 7304 02265 a4 3.BB4
Tungsten 19,350 01344 163 6.271
Zinc, pure 7144 0.2843 112.2 4.106

Source: Adapted from Holman 2002). Reproduced with permitssion rom the pebister.




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

Coefficient of
velumetric Specific
Temperature thermal heat Thermal Thermal Absolute Kinematic
Density expansion <p conductivity diffusivity viscosity viscosity Prandtl
T T e 3 (ke k o 1} B mum ber
(=C) (K) (kg/m?) (=104 K1) [kg “C1) (W T *C]) (=10"%m?/s) (<107 %Pas) (x10"%m?/s) Npr
a 27315 9909 0.7 4326 0.558 0121 1793.635 1.78% 13.7
5 278.15 10000 - 4.2086 0.568 0135 1534.741 1.535 114
10 283.15 Soo.F 0.95 4.195 0577 0137 12396.43% 1.300 9.5
15 2B8.15 g1 - 4.187 0587 0141 1135.610 1.145 B.1
20 29315 998.2 2.1 4.182 0.597 0142 2993414 1005 7.0
25 298.15 971 - 4.178 0.606 0145 880.637 0.884 6.1
30 303.15 995.7 3.0 4178 0615 0.149 F923TT 0.805 54
35 308.15 2941 - 4.175 24 0.150 F15.808 0.7 25 4.8
40 313.15 i L 39 4.175 0.633 0.151 658.025 0.658 43
45 318.15 9902 - 4178 a0 0155 &05.070 0.e11 1.9
50 32315 SE8.1 4.6 4.178 0.e47 0157 555.055 0.556 3.55
55 328.15 985.7 - 4179 0652 0.158 509,945 0517 E
a0 333.15 Q832 53 4.181 0.658 0.159 471.650 0478 3.00
a5 338.15 S80.5 - 4.184 0.e63 0.161 435415 0444 276
F0 343.15 QFr.8 5.8 4.187 0.e68 0.163 404,034 0415 255
75 348.15 o749 - 4190 0.er 0164 376.575 0366 223
BO 353.15 978 6.3 4.194 0673 0165 352.05% 0364 225
B 258.15 Se8.7 - 4.198 0.e7e 0166 328.523 0.339 2.04
=l 363.15 2653 7.0 4.202 0.678 0.167 308.90% 0.326 1.95
a5 368.15 2681.9 - 4.2086 0.e80 0.168 292238 0310 1.84
100 37315 9584 75 4.211 0682 0.1689 277528 0.29g 1.¥5
110 383.15 251.0 B.O 4,224 .eE4 0170 254973 0.268 1.57
120 393.15 2435 8.5 4,232 es4 0171 235360 o244 1.43
120 403.15 9348 2 4.250 0.685 0172 211.824 0226 1.32
140 413.15 9263 aF 4257 0.686 0172 201.035 0212 1.23
150 423.15 6.9 103 4370 es4 0173 185.346 0201 1.7
160 433.15 207.6 10.8 4.285 0680 0173 171.616 0191 1.10
170 44315 g897.3 115 4.396 0679 0172 162. 290 0181 1.05




Table A.4.1 (Continued)

Coefficient of
volumetric Specific
Temperature thermal heat Thermal Thermal Absolute Kinematic

Density expansion < conductivity  diffusivity viscosity viscosity Prandtl
T T i a8 (kS k ¥ [T i number
(*C) (K} (kg/m?) (x107*K™") [kg“Cl) (W/Im®Cl) (=10 %m?/s) (x107%Pas) (%10 °*m?ls) MNpr
180 453.15 BBL.G 121 4396 0673 0172 152.003 0173 1.01
190 463.15 B76.0 128 4 480 0.a70 0171 145,138 0.166 0.97
200 473.15 B62.5 135 4501 0.665 0170 139.254 0.160 0.95
210 483.15 85258 143 4580 0.655 0.168 131.409 0154 092
220 453.15 8370 15.2 4605 0652 0167 124.544 0.149 0.90
230 503.15 5273 16.2 46590 0637 0163 119.641 0.145 0.88
240 513.15 509.0 17.2 4731 0634 0162 113.757 0141 0.86
250 523.15 7992 1B.6 4857 0618 0. 160 109.5824 0137 0.86

Source: Adapted fram Rasmevic (1978)




Table A.4.2 Properties of Saturated Steam

Specific volume (m*/kg) Enthalpy (kJ/kg) Entropy (k)/Tkg °Cl)
Vapor Saturated
Temperature pressure Saturated Ligquid vapor Saturated
(*C) {kPa) Liguid vapor (H.) (H,) Liquid vapor
0.01 0.a113 L0 D002 206.136 000 2501.4 CLODO0 91562
3 07577 L0000 168.132 1257 25069 0.0457 2.0773
[ 0.9349 00T D00 137.734 25320 25124 00912 S9.0003
o 1.1477 U000 D003 113.386 3780 251759 0.1362 8.9253
12 1.4022 007 D005 93784 50.41 25234 01806 88524
15 1.7051 CLD0T D0 71926 6299 252849 0.2245 87814
18 2.0640 00010014 65.038 7558 2534.4 0.2679 87123
21 2487 U007 0020 54514 28.14 253949 02109 26450
24 2985 00070027 45 883 100.70 25454 0.2534 285794
27 3.567 0L00T0035 8774 113.25 2550.8 0.32954 8.51556
30 4248 U001 0043 32894 125.79 25563 04369 2.4533
33 5.034 QLD 0053 28011 13833 2561.7 04781 23937
36 5.947 U007 D0G3 23.940 150.86 2567.1 0.5188 8.3336
40 7.384 0001 D078 19523 167.57 25743 05725 8.2570
45 9.593 L0017 DS 15.258 188.45 2583.2 0.6387 3.1e48
S50 12.349 0001021 12.032 20933 25921 0.7038 2.0763




Table A.4.2 (Continued)

Specific volume (m3/kg) Enthalpy (kJ/ka) Entropy (kJ/Tkg “C]}
Vapor Saturated
Temperature pPressure Saturated Ligquid Vapor Saturated
(=C) (kPa) Liquid wapor (HA (H,) Licyuid vapor
55 15758 OLDO101 46 9.568 230,23 2a00.9 oL7ers 79913
&0 19.940 L 10172 T 251.13 2a09.6 0.B312 79096
&5 25.03 Lo 10199 B6.197 272086 2618.3 0LB935 F.B3I10
J0 31.1%9 0.0 10228 S04z 29298 2625.8 09549 7.7553
75 38.58 .0 10259 4131 313.93 2635.3 1.0155 76824
g0 47.39 L1029 3407 332491 26437 1.0753 TH122
85 57.B3 .0 10325 2.828 355.90 2651.9 1.1343 7.5445
20 T4 .0 10360 2.351 A7652 266001 1.1925 747N
95 B4.55 L0397 1.9819 39795 Z2e68.1 1.2500 74159
100 101.35 L 10425 1.6729 415904 2676.1 13069 7.3549
105 120.82 L0 10475 1.4194 440,15 26838 1.3630 7.2958
110 143237 LD 10516 1.2102 461.30 2691.5 14185 T.238T
115 169,06 L 10559 1.0366 48248 2699.0 14734 7.1833
120 198.53 Lo 10603 0.B919 503.71 2705.3 1.5276 71296
125 2321 LoD Dod3 Q.7704 52499 27135 1.5813 TO0775
130 2700 .01 0697 06685 546.31 27205 15344 7.0269
135 313.0 L0107 45 0.5822 567459 27273 15870 697TFT
140 3613 .01 0797 0.5089 589.13 2733.9 1.7391 69299
145 4154 L1 0850 04453 81063 2740.3 1.79407 68833
150 4758 L 10905 0.2928 63220 2745.5 1.8418 6.8379
155 543 L0961 0.2468 653.84 27524 1.8925 6.7935
160 817.8 0L 1020 0.3071 6575.55 2758.1 19427 6. 7502
165 T005 0L 1080 02727 597.34 27635 19925 6. 7078
170 Ta1.7 Lo 11143 0.2425 F1a.21 2768.7 20419 65663
175 592.0 QoD 1207 0.2165 74107 27736 2090 6.5256
180 1002.1 GLoo11274 Q.19405 7e3.22 2778.2 21355 6.5857
120 12544 o1 1414 015654 BO7.52 2785.4 2.2359 65072
200 15538 0.0 1565 Q12736 B52.45 2793.2 23309 64323
225 2548 .01 1992 0.07849 o9656.78 2803.3 2.5639 62503
250 3973 L0 12512 005013 1085.35 2801.5 27927 60730
275 5942 LM 12168 003279 1210007 Z7B5.0 30208 5.89318
200 B5B1 OLOO10236 D.02167 13440 2749.0 3.2534 5.7045

Sowurce: Abridged from Keenan et all {T969). Copyright & 1969 by _lafin Wiley and Sons. Reprimted by permission of John Wiley and Sans, inc




Table A.4.3 Properties of Superheated Steam

Absolute pressure

L1
(kPa, with sat. Temperature (“C)

temperature, “C)° 100 150 200 250 300 360 420 SO0
1o v 17.196 19512 21.825 24,136 26,445 29216 31.9856 A5.679
(45.81) H 2687 .5 27830 28795 29773 20765 3197.6 332209 34891
5 84479 86882 59038 9. 1002 928132 94821 96682 9.8978
50 v 3418 3.889 4356 4820 5284 5839 6.394 7.124
(B1.33) H 26825 27801 28777 2976.0 20755 31268 3320.4 34887
5 76947 7.2401 &.1580 83556 55373 B.73B5 B.9249 91546
75 v 2.270 2587 2900 3.211 2520 3.89 4262 4755
{91.78) H 2679.4 27782 2876.5 2975.2 20749 31964 33220.0 3488 4
5 7.5009 77496 79690 B.1673 5.3493 B.5508 B.7374 B.o&72
100 v 1.6958 1.9364 2172 2,406 2639 2a17 2195 3.565
(99.63) H 2676.2 27764 28753 29743 307432 31959 31319.6 3488.1
5 72614 7.Be134 F.B343 8.0233 B.2158 54175 B.6042 88342
150 v 1.2853 14443 1.6012 1.7570 1.9432 2.129 2376
{(111.37) H 27726 28729 29727 20731 2195.0 312189 3487 6
5 74193 F.5433 78438 B.0720 5.2293 841632 B.ed456
A0 v 04708 0.5342 0.5951 06458 07257 07960 0.8893
{(142.63) H 27528 2860.5 29637 20668 321903 13153 34849
5 5.9290 FAT706 73789 F.5662 FFITNZ 79598 B.19132
FO0 v 02999 032363 03714 04126 04533 05070
(164.97) H 28498 2953.6 20591 3184.7 32109 34B1.7
5 68865 F7.1053 F.2979 75063 F.E5968 7.9299
1000 v 02060 02327 0.2579 0.25873 03162 0.3547
{(179.91) H 28279 29426 2051.2 21789 1306.5 34785
5 6.6940 69247 F.A1229 7.3349 75275 77622
1500 v 0.12248 015195 0.16966 0.18988 02095 0.2352
(198.32) H 2796.8 29233 320376 321692 32991 34731
5 64545 67090 69179 7.1363 73323 7.5698
20040 v a.11144 012547 0.141132 15616 0.17568
(212.42) H 2902.5 20235 31593 3291.6 3467 5
5 6.5453 6.7664 69917 71915 74317
2500 v Q.08700 009890 0.11186 0.12414 0.13998
(223.99) H 2880.1 F008.8 2149.1 3284.0 2462.1
5 64085 665438 68767 70802 7.3234
ET ] v Q.07058 008114 009233 0.10279 011619
{233.90) H 28558 29935 21387 32763 3456.5
5 62872 6.5390 6. 7801 60878 7.2338




Table A.4.4 Physical Properties of Dry Alr at Atmospheric Pressure

Volumetric
coefficient
Temperature  papsjty of Specific Thermal Thermal Kinematic  Prandd
t T (o) expansion () heat(c,) conductivity (k) diffusivity (o) Viscosity (u) viscosity (1) number
*C)  (K) (kgim?) (%10 2K ") (kMIkg KI) (W/Im KI) (%10 %ms) (%10 5Ns/m?) (%10 %mifis)  (Ng)

=20 25315 1.365 .97 1.005 00226 168 16.279 12.0 0.1
L 0 1.252 165 1.011 0.0237 192 17.456 13.9 071
10 283.15 1.206 353 1.010 00244 207 17.848 14.66 071
20 2935 1.164 341 1.012 0.0251 220 18.240 15.7 0.71
30 3035 1.127 3.30 1.013 0.0258 234 18582 16.58 071
40 3135 1.092 3.20 1.014 0.0265 248 19.123 17.6 071
50 3235 1.057 310 1.016 00272 26.2 19.515 18.58 0.1
60 33315 1.025 3.00 1.017 0.0279 276 19.907 194 071
70 3435 0.5996 291 1.018 0.0286 292 20398 20,65 071
80 353.5 0.968 2.83 1.019 0.0293 306 20,790 215 0.71
90 36315 0542 276 1.021 0.0300 322 21231 2282 071
100 3735 08916 269 1.022 0.0307 336 215673 236 071
120 38315 0.870 255 1.025 0.0320 370 22555 2559 0.1
140 41315 0.827 243 1.027 00333 40.0 23340 28.2 071
150 42315 0.810 237 1.028 0.0336 41.2 23732 94 071
160 43315 0.789 231 1.030 00344 433 24124 30.6 0.71
180 45315 0.755 2.20 1.032 0.0357 470 24509 33.0 071
200 4735 0.723 211 1.035 0.0370 497 255693 355 071
250 523.15 0653 1.89 1.043 0.0400 &0.0 27557 422 071

Source: Adapted from Raznjevic (1978).




[ 1.2. Phan loai } Cencuction

Conveclion

Theo phuong phdp truyén nhiét

3 Conduction: Sy dan nhiét cla vat ran N/ '
O Convection: Doi lwu nhiét \'L £ é/:dloﬂon

[ Radiation: Blrc xa nhiét

Theo thiét bi truyén nhiét

[ Heat exchanger: Trao d6i nhiét kiéu 6ng/tam
[ Evaporator: Bay hoi /c6 dac/ két tinh

[ Dryer: Say




{ 1.3. Pinh luat bao toan nang lvong J

Q=m,.Cp,.AT; = m,.Cp,.AT,

Q= ml_Cpl,(T]c — Tb)= mZ.CpZ.(Tf — TC)

m,: Kh&i lwgng vat ran (kg) L
Cold Fluid (T.)

Metal Ball (Th)

m,: Khoi lwvgng lwu chat (kg)

Cp,: Nhiét dung riéng cla vat ran (kJ/Kg)
Cp,: Nhiét dung riéng cua lwu chat (kJ/kg)
T.: Nhiét d6 6n dinh cla luu chat

Q: nhiét lvong trao doi (kJ)



1.4.1. Truyén nhiét trong vat ran

Q= k. (A/L). AT
K: hé s6 dan nhiét cta vat liéu (W/m.K)
A: dién tich bé mat truyén nhiét (m?2)

L: bé day vat liéu truyén nhiét (m)

Material Thermal conductivity k (W/m K)
Copper 400

Aluminum 205

Mildl stesl 45

Stainless steel 15

Water 0.6

Insulators 0.02-1

Alr 0.03

T_ " T.r-l—.:ir

T1>T>



[1.4.2. Truyén nhiét déi lwu }

Velocity Temperature
Y4 profile _-'- profile
u_ T :
I P e S
uy) Reon ' T(y)
TS
X

Process Heat transfer coefficient h (W/m? K)

Q=h.A.AT=h. A (T,-T_)
Free convection (no fan/pump) 2-25 (gases)

h: hé s6 truyén nhiét (W/m2.K) 50-1000 (iquids|
Forced convection 26-250 (gases)

A: dién tich bé mat truyén nhiét (m?) 50-20000 (iquids)
Convection with phase change, boiling/ | 2500-100000
condensation




1.4.3. Truyén nhiét birc xa

Visible
|
]

< X Rays >< Ultraviolet > < Infrared > Microwave> Absorbed

{  Gamma Rays | E
| < Thermal Radiation >: v
Transmitted

| | 1 1 | | | | |
10° 10 10°3 102 107 10° 10! 102 10° 10

A (um)

Nang lwong birc xa nhiét cda 1 vat bat ky (W/m2): E=€. 0. T?

Nhiét lwvgng truyén bang bire xa (W): Q=€. 0. A (T*-T_4)
o: Hang s6 Boltzmann (5.67 x 108 W/m2 K#)

€: Mlrc do phat nhiét birc xa (0 -1)



Factor (Fy_s)

0.50

0.45 Y=0.1
0.40 V4 — —
/ / 0.3 z
0.35 / /*' / — 0.4 T W i .
T 0.5 ‘
0.30 / /f’ /"f = —o7
i A 0.9 _
0.25 / ;’/ ] R B _
==
] - 1.4
0.20 s — i —
/////?ﬁ-—-—-——‘—”’zn I S
0.15 H + - H,,f'"f — 2.5 —
o= e
0.10 /{f P —H“’“ﬂf_________,ﬂ — T
W%//// :’;#ﬂf‘f Y= 6.0 T 1]
o0s LI/ T 28 T ——
P
0 I 1 ) e ) I v I =

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 40 5 6 7 8 910
Dimension ratio (Z ) \

Scale changes here

Shape factors for adjacent rectangles in perpendicular planes. ¥ (dimension ratio) = wx; £ = z/x. (Adapted from Hottel, 1930)



Microwave heating

» Duwdi tdc dong cha vi séng, cac phan ti 1l

cO cuc sé dao dong nhiét.

*" Trong khi microwave khong phat sinh
nhiéu nhiét, qua trinh dao déng cla cac

hop chat phan cuc sinh ra nang luvgng:

P, = 55.61x10 "E“f'g'tan &

P=Pe**"
o = 2; [‘; (v1+tan? s —1)1°°

*P: nang lvgng sinh ra (W/cm?3)
*E: nang luvong dién trwong (V/cm)

*Ava f’: buwdc song va tan so

e’ va §: hang s6 dién mai va géc tén that (phu thudc vat lidu)

«d: chiéu siu xuyén pha cta vi sdng (cm)

+Ve

f._Jﬁ\ A A A I—

—\e

= Stirrar

Ovan cavity

it
."I Wave guide
_IF T ——

—ve
A &

i

Magnatron




[1.5. Bai tap ap dung }

Bai tap 1
Cho tdm phang (dai 1m, cao 1m va rong Py
5mm) c6 nhiét d6 100°C. TAm phing dat =
trong moi trvong khong khi (nhiét dé 30°C).

Biét hé so truyén nhiét doi lwu cta khong

khi la 6 W/m2K va hé sé phat nhiét birc xa

clia tdm phang 13 0.9. Hay tinh nhiét luvong

toa ra tir tdm phang (ca 2 mat).

3 i

Bai tdp 2
Mot tu lanh cé kich thwdc D x R x H1a 0.75 x 0.75 x 1.65 (m). Ta lanh dwoc boc cach nhiét

bang polyurethane foam (day 200mm) vé&i hé s6 dan nhiét 13 0.028 W/m.K. Biét nhiét do

bén ngoai la 40°C va nhiét dd trong td lanh 1a -12°C. H3y tinh lwgng nhiét tén that.



Chuong 2:
SU'DAN NHIET

(CONDUCTION)



[ 2.1. Co ché truyén nhiét J

= -
Egenerated = qv.dV I //
Eout = (qx+dx + qy+dy T qz+dz)'A i P /
Etotal = Egenerated + Eout o | .. i Teyay g ] A -
| +d

oT .
Oy = _kx'— <—— Fourier law P GRRREEEEE thhl
OX ;
oT % Y
dy = _ky'a d d//C 2 -
X Qv
" oT Vat liéu dong nhat

qz 7 07 kx=ky=kZ
oT
E =mc.—
stored p ot
O°T 0T 0T oT oT T 0T 8T, q
= k. + + +0 =pC..— L v
(8x2 oy’ 822) =P :{at a'[(8x2+6y2+822)+k]




{2.2 Truyén nhiét on dinh, khéng c6 nguén nhiét (d>T/dx?= 0, q,=0) J

2.2.1 Truyén nhiét qua vach phang

= Truyén nhiét 6n dinh theo 1 phuvong (x)
= V4t liéu d6ng nhat

= Bé day vach la L (m)

T =T1—T1_T2 X
L
_ k_((jj_T
X
T —T I_..': Xy A3
g— k.2 >
X, — X, T PWWHT,
T —T rerms
— erma
Q=KA-—= L = resistance circuit



2.2.2 Truyén nhiét cta hinh tru

* Truy@n nhiét 6n dinh theo 1 phuong (r)
= V4t liéu dong nhat
= Bé day vach lar (m) =r,r,

» Chiéu dai 6ng la L (m)

T, T

—T — ° _.In(r/r
" In(r, /1) (r/n)
dT

=k.—:
d dr

Q=kA =k (L) e

R = InCr /1)
27.LK




2.2.3 Truyén nhiét ctia khéi cau

* Truy@n nhiét 6n dinh theo 1 phuong (r)
= V4t liéu dong nhat

= Bé day vach lar (m) =r,-r,

T=T,- E_le “-1
(- '
r.2 rl
dT
=k.—;
: dr
dT T,-T,

=k.A.—=k.(4rx.r,.1).
Q dr (4r 1 2) r—r

I‘2 _rl

R =
K.47.r.1,




2.2.4 Truyén nhiét qua vach da lép

= Truy@n nhiét 6n dinh theo 1 phuong (x)

= V4t liéu cla moi l&p 1a dong nhat

= Bé day vach la L= L+L +L_

Q=U.AdT =U.A(T,-T,)
R, =1/(U.A)=R, +R, +R
R, =L, /(k,.A)

R, =L, /(k,.A)

R, =L, /(k_.A)

U: hé sé truyén nhiét tdng quat

j

I3

e
L, L,
Veo




Hinh tru:

Q :U-A&-(r1_T4)
A =2rxr.L
U :1/(A1'Rtotal) :1/[A1(R1 + R2 + R3)]

_In(r, /) N In(r,/r1,) N In(r, /1)
el 2k, L 2xk.L  2xzk.L

Hinh cdu:
Q — (Tl _T4)/ Rtotal
h,—n I’3—I’2 r4 _r3
total — + +

Ark, .r.r, 4rxk,.rr 4rzk .r.r,




=Qua trinh truyén nhiét bao gdbm ca dan nhiét va déi lvu nhiét
- Vach da I&p hinh hop

Q=U.AdT =U.A(T_,-T.,)

1/U =R, ,.A+1/h, +1/h,

- Vach da I&p hinh tru
Q=UAdT =U.A.(T_,—T_,)

1 1 1
T Ai'(RtotaI + +
U 2.7r.r,.L.h 2.7.r,.LNh,

)

- Vach da 1&p hinh cau

_ (Tool _TOO2)
Q= 1 1
Rtotal + h 4 2 + 2
A h, 4.,




Vat liéu boc cach nhiét

_ T1 _Tz
Q= In(rzlrl)+ 1
2.7t.k.L 2.77t.r,.L.h

L&p céch nhiét cang day (r, I1&n) thi qua trinh truyén
nhiét bang dan nhiét chAm nhwng qua trinh truyén

nhiét ddi lvu lai tdng — can chon Iwa bé day 16p

cach nhiét thich hop

r

c

k/h

Insulation
\

S T YT TY

e

i
Qhare'

Déi lwu nhiét

R

total

'



{2.3. Truyén nhiét on dinh c6 nguén nhiét phat sinh (g, # 0) J

= Truyén nhiét 6n dinh trong vach phang theo
2 bén (x)

= Vit liéu déng nhéat

= Bé day vach la 2L (m)

= Nguon nhiét bén trong qv (W/m3)

Khéng cé déi lwu nhiét

g 2 2
T =T+ (12 _x
1 2k( )

C6 dbi lwu nhiét

9y




2.4. Truyén nhiét khong on dinh(d?T/dx? # 0)

Cac dai lwong khéng thw nquyén:

= Chuan so Fourier: F, = a.t/L?

= Chuan sé Biot: Bi = h.L/k

" Hé vO thi nguyén: © = (T-T_)/(T,- T,)
" T: hhiét d6 mbi trvong

= T.: nhiét d§ ban dau clia san pham

Néu Bi<0.1:
T
q= ,O.Cp.V.a— —a.A(T,. —T)
ot
Bi.F, = h.t.A 0 =e BMFo
p-c,V
m.c

t = P In @
h.A



Néu bé day vt liéu (L) << chiéu dai vat liéu (1), bién thién nhiét dé tai vi tri x bét ky trén bé

day vat liéu tai thoi gian t tinh nhu sau :

X
0 =erf (——)
2\ ot

X erf(x) X erf(x) X erf(x)
0.00 0.00000 0.36 0.38833 1.04 0.85865
0.02 0.02256 0.38 0.40201 1.08 0.87333
0.04 0.04511 0.40 0.42839 1.12 0.88679
0.06 0.06762 0.44 0.46623 1.16 0.89910
0.08 0.09008 0.48 0.50275 1.20 0.91031
010 0.11246 0.52 0.53790 1.30 0.93401
012 0.13476 0.56 0.57162 1.40 0.95229
0.14 0.15695 0.60 0.e0386 1.50 0.96611
016 0. 17901 0.64 0.63459 1.60 0.97635
018 0.20094 0.68 0.66378 1.70 0.98379
0.20 0.22270 0.72 0.69143 1.80 0.98909
0.22 0.24430 0.76 0.71754 1.90 0.99279
0.24 0.26570 0.80 0.74210 2.00 0.99532
0.26 0.28690 0.84 0.76514 2.20 0.99814
0.28 0.30788 0.88 0.78669 2.40 0.999321
0.30 0.32863 0.82 0.80677 2.60 0.99976
0.32 0.34913 0.86 0.82542 2.80 0.99992
0.34 0.36936 1.00 0.84270 3.00 0.99998

00 1.00000




VGt thé dang phdng, truyén nhiét 2 phia cdn bdng nhau, khéng cé nqudn nhiét (q!=0)

O — i An_e(—ﬂr?-Fo)

A = 2sin(5,)
B, +sin(B,).cos(s,)
Bi = f,.tan(3,)

t=0T=
I 21y

I

B, tra bang 2.1

Néu F,> 0.25, ta co thé tinh xdp xi nhu sau:

_ Al_e(—ﬂf-Fo)
= A,.cos(B,)e _
X
6 _ A_-L Sln(ﬂl) ( ,31 Fo) ‘oc-
m

1

V6i B, 6, 6., lan lvot la gia trj vo th& nguyén cla nhiét d6 tam, bé mat va nhiét do trung

binh cGa san pham



The firsi =ix roots,fﬁn, of

ﬂ taa 1&

The Zoots of certarn Transcendental FKFqguations

APEPISNDIX IV

TABILYY X

T =

‘ﬁi ;&c«ﬁi

A.

< &x .__‘5 %s
o o =2-1416 “6-28552 ‘9-4248 2 5564 i5 7030
0-CO1 Cc-0316 31119 G-2x33 9-4239 12-56635 15-7080
C-GO=2 G-O%27 3-1422 G-2335 c 4250 12-5665 15-7081
O-0Ga C-06G52 3 AT 6-2335 o a5 12-5C67 15-7082
C-CGG O-GTT4 2-1335 G-2811 ©.1252 12-566 15-70S3
o-~0s 0-0s93 21441 &-2845 o 125 125670 15-7085
0-01 - 0008 31438 6-2814S O- 4055 iz-s567=2 15-7026
o-G= 0 1410 313259 6-2R6.1 0-42GG 12-5€50 15-70032
O-0% o-1987 3-15123 6-2895 9-4250 12 5695 I5-7105
0-06 o-2125 3-1GG6 6-2927 o £311 32-5711 15-7118
o-08 0-2791 3-1658 6-2959 9-1333 125727 15-7131
o-1 O-R111 3175 6-29a1 9-4354 1I2-5743 15-7143
o-= 0-13°28 3203 63148 9-4459 12-5822 15-7207
o-3 G- 5218 3 o311 6-3305 9-1565 12-5902 15-7270
o-4 0-5932 3-2636 € 31G1 9-4670 12-5981 15-7321
o-s 0-35333 3.2923 6-3616 9-4775 12-GChu 15-7307
c-¢ O 7051 3-3-01 6-3750 9-1879 12-6i390 15-7 460
o o- 7...00 3-3137 6-3923 9-4983 126218 I5-75°4
c-8 o-791 R-e714 6-1407 % 9-5037 12-6296G 15-5557
G-9 0-827 34003 6-4221 9-5190 12-6375 315-765C
10 0 SGO3 3-4256 6-4373 9-5293 12-£453 15-7713
Yotz o-5_8°2 35122 G-50G7 9-5801 12-6811 15 80<6
=-0 1- 0769 3-6136 6-5783 9-6296 12-7223 15-3336G
3-0 1-1925 3-SGSsS €-7040 c-7210 1-7066 15-8945
£-0 1-2€426 39352 6-8140 a-]R119 12-S67S 15-3536
5-0 1-3138 4-0336 6-9096 o-89°28 12-9352 16-01G7
&8-0 1-3496 4-1116 6-9921 9-9667 I=°-99ss 16-0G5 1
7-0 1-3766 4-1746 - 0640 10-0339 13-0581% 16-1177
8-0 1-3958 4-22G1 7-1263 10-0919 13-1141 16-1G75
9-0 1-4149 4-26941 7-1806 10-1502 13-1660 1G-2147
10-0 1-42S9 4-3058 T-2281 10-2003 13-2142 16-259.1
15-C 1-4729 4-4255 7-3959 10-3898 13-24078 16-4474
20-0 1-4961 4-4015 7-4954 10-5117 13-5420 16-5864
30-0 1-5202 4-5615 7-6057 10-G513 *3-7085 16-7691
<0-0 1-5325 4-5979 7-6647 10-7334 13-8048 i6 8791
50-0 1-5100 4-620= 7-7012 10-7832 13-8666 16-9519
€0-0 1-5451 4-6353 7-7259 10-8172 13-9694 17-GO26
80-0 1-5514 4-6543 7-7573 10-8606 13-SG44 17-06SC
100-0 1-5552 <-6658 7-7T7G4 10-8871 13-9921 17-1003
oo 1-5708 4-7124 T-8540 1G-2956 15-1372 17-2788

T The roots of this eguation arc all real if C = O.



Lwu y: L =1/2 bé day cla tdm phdng
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Dan nhiét khéng 6n dinh va cé nqgudn cdp nhiét (g, #0)

P x> 2 - P g2
O=-2L11-"+= |[+> (1--2).A e/
2 L= Bl — Jin
2
Chuan s6 Pomerantse P, = 9L
u Vi o
K.(To = T.)
o an oT q ;A oz o e e
Toc do6 truyén nhiét: = Nguon nhiét toa ra tir san pham: g (W/m3)
ot c,.p

Néu F,> 0.25, ta co thé tinh xdp xi nhw sau:

2
_R 2 By aesiR T oT WL 2
9”7'(“5) (1 ﬂlz).Al.e AT+ ( Bi)
2
_& _i (-5 -Fo) i T ~T _|_qV'L . 1
0, = Bi+(1 ,812)-'“&-005,31-9 s F ot g
i 2 L 3
O =2 (14 )+ (- 0). A A gesrn T T B4
3 Bi B B, i



Vidu 1:

Cho khuén hinh chi* nhat (k = 0.6 W/m.C) cé bé day 3cm ch& day nwdc & 90°C (a
= 1.4x 10-7m2/s) vao td lanh (4°C) dé lam lanh xuéng 10°C. H3y tinh th&i gian [am

lanh néu biét hé s6 truyén nhiét cla khéng khi trong td lanh h = 40 W/m2°C.

Vidu2:

Mot hop tiéu co kich thudc 0.28x0.48x1.2 (m) cb nhiét do 25°C dwoc lam lanh trong
td lanh 2°C. Céng suat lam lanh cda td lanh la 26 W/m?3 trong khi nhiét lwgng hat
tiéu téa ra la 74 W/m3. Né&u biét khdi lwgng riéng cda sdn pham la 200kg/m3; hé s6
truyén nhiét cda sdn pham, bao bi va khong khi 1an luot 13 c, = 3.984 ki/kg.C,

k=0.136 W/m.Cva h=8.7 W/mZ2.C.

Hay tinh tdc do truyén nhiét va thoi gian lam lanh dé sdn pham dat 5°C.



Chuong 3:
POI LUU NHIET




[ 3.1. Ban chat cua doi lwu nhiét }

TW
Tl'r“l:l
T e I e — —
—_— - -
1 — —_— —
T, :
Doi lwu ty nhién Déi lwu cwdng burc

Convection = conduction + advection

Advection: trao d6i nhiét do dong chay cla lwu chat

Thuwc nghiém
Q=h.A.AT=h.A.(T,-T,)

h ?2???

h: hé sé truyén nhiét (W/m2.K) M® hinh hda

A: dién tich bé mat truyén nhiét (m2)

Phuong phap
sO



3.2. Cac chuan sd pho bién trong ddi lwu nhiét

h.o convection
Nusselt: NU=— <« .
k conduction
Uu.o
Reynolds: Re = £ <« flow
yz,;
.C icti
orandl: pr_ e fI’ICtIO-n
k convection
S53.0%. B.AT _
Grasholf: Gr = £ '28 <— free — convection

y7;
u: van tdc dong chay (m/s)
p: khéi lwong riéng Iwu chat (kg/m3)
u: dd nhoét lwu chat (Pa.s)
g: gia toc (=9.8 m2/s)
B: hé sb gidn n& thé tich cta Iwu chét (1/°C) = 1 (dbi v&i nwdce)

&: chiéu truyén nhiét (m): dwdng kinh trong (ngoai) dwérng éng hodc chiéu cao twéng



{3.3. Poi lwu tw nhién (free/natural convection) J

* Truyén nhiét cho éng hodc vdch thang dirng:  Nu = C (Gr Pr)"

= -4 <log(GrPr) <2: C=1.18 van=1/8 “ipe with &
heated outsida O
» 2 <log(GrPr)<8:C=0.54van=1/4 4

Y e
. due fo a natural
» 7<log(GrPr)<13:C=0.135van=1/3 ' samEchon
*Truyén nhiét gilra 2 tdm phdng (cé khodng cdch x): Nu = C(GrPr)" / (8/x)1/°
©2.1*103<Gr<2*10*:C=0.20van=1/4

*2*10%<Gr<1.1*107:C=0.071van=1/3

* Truyén nhiét cho 8ng nam ngang (103 < Gr.Pr < 10°): Nu = 0.53(GrPr)?-2>



[3.4. DPoi lwu cwdng birc (forced convection) J

3.4. 1. Dong chay bén trong 6ng

Chay tdng (Laminar flow, Re <2100)

o y2;
(Re.Pr.d/L > 100) Nu =1.86(Re. Pr_t)0-33(ﬂ_f)o.14

0.85(Re. Pr.é)
L (/Uf )0.14

(Re.Pr.8/L < 100) Nu =3.66 + ~
1+0.045((Re.Pr. )% 4w

Chay qud dé (Transition regime flow, 2100<Re<10000)

_ (f /8)(Re—1000)Pr . 1
1+12.7(f /8)°°(Pr°°®°—-1) (0.79In Re—1.64)?

Chdy réi (Turbulent flow, Re >10000)

Ui, My, - G0 nhét lwu chat tai nhiét do

NU = 0. 23 Re8 Pro.ss(ﬁ)o.m T
7% ban dau va nhiét dé vach éng




3.4.2. Dong chay cat ngang

Ong don (single tube or cylinder):

Chat 16ng (10<Re<1000): Nu = 0.59Re%#”.Pr0-38(Pr./Pr )02
Chat 16ng (1000<Re<20000): Nu = 0.21Re%62.Pr0-38(Pr /Pr )02
Khéng khi (Re<1000): Nu = 0.52Re%%7
Khéng khi (1000<Re<20000): Nu = 0.18Re062

Khi ciu (sphere):  Nu =2 + (0.4ReS + 0.06Re®56)Pro4(p /)0
Nu =2 + 0.6 Re0-5 pr0:33 (Re<70000, 0.6 < Pr <400)

TAm phang (wall): Re < 500000

Nu = 0.662 Re?> Pr0-33



5nq chum:

(A) Xép song song (B) :Xé'p so le

Nu = Pr%3% (Pr./Pr )".Z(Re)

n = 0 (khi) va 0.25 (chat long)

Néu 100 < Re < 1000: Z = 0.52Re%5> (Xép song song)
Z = 0.71Re%> (Xép so le)

Néu 100 0< Re < 20000: Z = 0.27Re%®3 (Xép song song, S;/S, > 0.7)
Z = 0.35Re% (S;/S,)%2(Xép so le, S;/S, < 2)



3.4.3 Thiét bi vé 6ng (tank reactor)

Binh phén wng khéng cé 6ng xodn

Nu = 1_15Ref0.65 Prf0.33 (h/H)O'4(H/D)O'56(|Jf/|JW)O'24

Re tinh theo d, Nu tinh theo D

Binh phdn wng c6 6ng xodn, cdnh khudy mdi chéo (20<Re<4000)

Nu = 0.415Re %66 Pr,033 (i, )0-24

Binh phédn (rng cé éng xodn, cdnh khudy chén vit
Nu = 0.55Re 264 Pr,230 (1/j, )0-32(d/D)0-40

Binh phén trng cé éng xodn, cdnh khudy mé neo
Nu = C(Re(Pr,%> +4000) 0-66

C = 0.33 (gia nhiét) va 0.23 (lam lanh)

A
v




Chuong 4:
THIET BI TRAO DOI



[ 4.1. Phan loai thiét bi truyén nhiét ]

Theo s tiép xuc:

Heat
exchangers
MNoncontact Contact
ype type
| | | ] | |
Scraped shell and Steam Steam
surface tuba Tubular Flata infusion injaction

— Hot fluid

— 5 Cold fluid

N

4

p¥

Hat fluid

]| !
4

NN

Cald
fluid

NN




Theo chiéu dong lwu chat

T
— s
——
(A)

(A

Cross flow —
T=fixyl

Tube flow

(B)

Cross flow

I=fix)

r

At ot e i n'on s a0y

Tube flow



Theo cdch sdp xép éng truyén nhiét

Tubes

Circular

(€)

Fins



Theo cdch bé tri hé théng truyén nhiét

= ChA&t truyén
nhiét

Thiét bi
A+B

N

ong vé

Bubng dot

ngoai

.

<
=

Truyén nhiét 6ng xoan

Khéng tét vdi
hé théng khudy
do anh hwong
dén dong chay



{ 4.2. Tinh toan thiét bi truyén nhiét J

4.2.1. Ong Iong éng

my, Cpi, Thi My, Cpi, Tho

AN BN N >

L B Do r,._1“-

e, €y, T Heat exchanger e oe Too Hot ——

R —> R R R

|i l}
] ]
m h.Cp,h-(Ti,h _TO,h) o mC'Cp,C'(-I-i,C _TO,C) _U-A.ATmean

Fluld A In

Fluld A out



Phuwong phap LMTD (log temperature mean difference)

Hé xubi chiéu (concurrent flow)

AT =T, —T,

Q =U.AAT,,, r
AT, — AT,
ATy = AT
In
AT,

Hé nguwoc chiéu (counter flow)

AT =T, —T,

Q=U.AAT,, T
AT, — AT,
ATy = . AT,

AT, : >




Qud trinh nguwnag tu/bay hoi

AT =T, —T,
Q =U.AAT,,
AT, — AT,
g T AT,
AT,
= AT

counter

AT

AT

concurrent

T

AT,

W

AT,

Th

Tee



4.2.2. Thiét bi 6ng vo

(shell & tube)

Shell inlet
Tube outlet

Shell outlet Tube inlet

-t

h
\ .
A
T,
I :Irllr >T2
G
1 I I
CH H 0
Tzl'_

1 pass

2 pass

1
R 09 SEY
% %
9 1 pass i :.;
3} B w
! b [=]
2l 0 g 5 & 08
o 2 "."; - - o o -] g
g © g a @ 9 2 |
507 © =07 T,-T
3] _N-T 3] R=:2=0 B
@ R= o’ | 1 1 ta—t I
; R 8. < |
U 06 O 0.6
0.5 0.5 | L | L | | 1
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 U.Et t. 06 07 08 09
_ bt _ -t
P o Tl_tl P - Tl_tl




Correction factor, F

Dong chay vubéng goc (cross flow)

Ca 2 pha trong éng

=
o

Correction factor F




Panh gia hiéu qua truyén nhiét (phwong phap NTU)

Phuwong phdp LMTD chi cé thé dp dung khi biét it nhat mét nhiét d6 dau ra cua
mot trong 2 chat 16ng. Trong truong hop kich thudce cda thiét bj truyén nhiét co

san nhwng khéng cé thdng sd nhiét dd dau ra cla chat 1dng, phuong phap NTU

thuwong dwoc ap dung.

Qc,absorb mc'Cp,c'ATc L Cc ATC

E = — — .
Qh,release Ifnh .C p,h ATh C:h ATh

NTU = DA c &
C,

min

NTU = s6 don vij truyén nhiét
C: ty lé dwong luvgong nwdc gitta dong lanh va dong néng (0 — 1)

C...,: C nho hon trong 2 gia tri C. va C,




Type of Heat Exchanger  Effectiveness Relation

_ T—exp[—NTU(T+C7)]
1+C*

Double pipe =
Concurrent flow

1—exp[—NTU(1—C*)]

Double pipe g = - -
Countercurrent flow 1=C" exp[=NTU(1—=C")]
2
Shell and tube: g =
One-shell pass _ 1+exp|—NTUJ1+C*

W e
2,4,6... tube passes 1+C* +J1+C

1—exp|—NTU1+C*:

] exp[(1— C*) X NTU|—1
o exp[(1— C*) X NTU|—C*

Plate heat exchanger

All heat exchangers, C* = 0 g = 1—exp(—NTU)




Type of Heat Exchanger

NTU Relation
CIn[1— e (1+ C*)]

i NTU =

Double pipe -
Concurrent flow
Double pipe NTU = - In “E (C* < 1)
Countercurrent flow 1-C 1— g

NTU = —E (C* =1)

—
] 2— g |1+ C* —\1+C*2

Shell and tube: NTU

One-shell pass
2.4, 6... tube passes

= In
VIHC2 2t e i o |

Plate heat exchanger

. n—r:*}l

n
NTU — LU %)
(1—C¥*)

All heat exchangers, C* =0

NTU = —In(1— =)




Ong I6nqg 6ng

1 T T 1 1 T T
',____.--———_'_'_ //_—'_/—_——_
minlcmax 00 30?« /
N 08 |
A M0
0.50 R
0.6
0.75
1.00 w Shell fiuid
04
Shell fluid |— 1 —|
¥ ;’
— — | 0.2 Tube fluid
PR
Tube fluid
i O | | |
3 4 5 0 1 2 3 4
NTU NTU

Xubi chiéu

Nguworc chiéu



. o®
mmn max
\ Y =T
N\ 0.15 I
0.6 —
041 Shell fluid
- |
0'2 i (—) 1l —’T:
—F
Tube fluid
0
0 2 3 4 5
NTU
1 pass

Shell & tube

1

087

0.6

0.4

021

C_.IC

min  max

Shelllﬂuid

vl

—

N

e

Tube fluid

E—




08¢

0.6

0.4

0.2]

Cross flow

c IC

min ~ max

Cold Fluid
/r
not [ e
Fluid -—f .. H
\\ /

NTU

1 pha trong 6ng, 1 pha tv do

1

0.8}

0.6}

0.4+

0.2}

=
- - -
- -

Unmixed Flud

Mixed
Fluid

— Cmin mixed

- --Cmax mixed

NTU
Ca 2 pha trong 6ng



[Béi tap ap dung }

Vi du 1: M6t chat 1ong A cé nhiét dung riéng 4 ki/kg.°C chay trong hé ng 16ng 6ng
vdi luu lwgng 0.5 kg/s. Chat 1dng dwoc lam ndng bang nuwdc 90 °C (nhiét
dung riéng 4.18 kJ/kg.°C) chdy ngugc chiéu (counter) trong 6ng ngoai voi
lwu lwong 1kg/s. Biét nhiét do dau vao va dau ra cla chat long A 1a 20 °C va
60 °C. Gia sl qua trinh truyén nhiét |1a 6n dinh.

a. Hay tinh nhiét d6 dau ra ca nudc va Aty

b. H3y tinh chiéu dai cta 6ng truyén nhiét (cha chat long A) néu biét hé s6
truyén nhiét tdng quat 13 2000 W/m2.°C va dwdng kinh éng 1a 5 cm.

c. Tinh lai cdu a va b nhung gia st nudc chay xubi chiéu.

d. Giad st khong biét nhiét d6 dau ra cta chat Idng A, hay tinh lai cadu b

bang phwong phap NTU. Cho chiéu dai 8ng truyén nhiét 13 6.45m



Budng dét trong

Q:ma.cp’a.dT :U.A.(T —Ta(T)).dT T
J‘Ta(r) dT B J‘ dr o | D
Ta(O) TC —Ta m C Ta (T) ma N N
Coa |f = Chattruyén
oo MaCoa o T, _Ta(O) (v: thoi gian — nhiét
UA = T, -T,,  anhi) Sén phém [
. = const
Q=U.AAT,, =
AT . (Tc _Ta(O)) o ((TC _Ta(z')) . Ta(z') _Ta(O)
log . T L
In TC Ta(O) In Tc Ta(O)
Tc _Ta(r) Tc _Ta(r) l
Bubng dét ngoai T,
________________ 0] <———
_ m, 'Cp,a In e Ta(o) T, (1) Lna Buong dot
Ay T T —— ngoai T
m_(1—e M%) ° san pha S
a pham
b A m’, (kg/h)




4.2.4. Thiét bi frame-plate

= b: khoang cach giita 2 plate

= w: chiéu réng cla plate

= Dién tich mat cat: A_=b.w

= Duwong kinh tvong duong: De = 2b

=m’,, m’,: lvu lwgng chat truyén nhiét va san
pham (kg/s)

=m’,., M. : lvu lwgng qua mai plate = (2m’/N+1)

Pp-A, Pu A (b)

G-
[m———
P
c
I
O
D
Py
@)

©
o))
N
e
-
o
i
g
R
[N
S~
C
I
—
S~
-
N
+
—
S~
-
T
G-
2
-
C
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[Béi tap ap dung }

Vi du 2: M6t thiét bj trao doi nhiét dang khung ban géom 51 plate (cao 1.2m, rong
0.8m, khoang cach gitra cac plate 1a 4mm) duoc st dung dé thanh trung
nwdc tdo. Luu lwgng san pham 13 15kg/s va nhiét d6 ban dau la 15°C.
Nudc & 95°C duoc st dung lam chat truyén nhiét vai lwu lwgng 15kg/s).
Gia st nwdc va nudc to cé tinh chat hda ly giong nhau (p = 985.7 kg/m?3),
c, = 4179 K/kg.°C, k = 0.652 W/m.°C, u = 509.946 x 10-6 (N.s/m2), Pr=
3.27).

Hay tinh nhiét d6 dau ra cda nuwdc va nwdce téo.



4.4.4. Scrapped surface heat exchanger

Heating or Cooling Medium
Poilshed stainless

Product

ket

Shaft

Heat Transfer Tube

Insulation Insulation

Product zona

AR LR,

Medla cylnger



B A

Scrapping
Oil phase Aqueous phase blade Rotor Outlet

. : ‘ r
‘, ) h Crem——a 3 — ; A

d . — = -
f - 2

/
|

Inlet Coolant  Stator
Mixing tank
Crystallizer
Pump Pin machine

Margarine ‘—C% (}




Phuwong phdp penetration (Latinen, 1958): chét I16ng dé nhot thap
Nu = 1.6 Re®> Pro->

Phuong phdp Trommelen (1971): 300 < Re < 3600; 119 < Pr < 2650; 700 < RePr <
8640

Nu = 1.13 (Re .Pr)%5 (1-f)

f=2.78 (RePr + 200)°18

Phuwong phdp mang film (Juyal, 2016):
h (W/m2.K) = 747.3 + 73.4N, + 4.7S — 453.7W,

=*Nb: Téng so blade
=S: T6c d6 rotor (rpm) / L

*Whb: khoi lvgng blade = p,. A_.L —y —> Y, >

=Mt cat blade A_= 0.25m(y,) +y,.t



