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Study and Design Laboratory Water Spray Retort for pouch testing

Water Spray Retort
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Abstract

The project was aimed at design the laboratory water spray retort for pre-testing packages
(retort pouch) or physical properties of products after thermal processing. This retort was
designed to movable and using heaters for the heating source. The chamber of retort has 37 cm.
diameter, 50 c¢m, length and 3 mm. thickness. The quantity of water that used in retort was 12
liters and circulated, 32 liter/min, by = 0.75 Hp. Pump through the 4 kW. heater then sprayed at
the outlets that equipped with 2 spray headers in the chamber. The temperature controller was
used to control temperature while the pressure from air compressor that used to add pressure to
the retort was control by the pressure regulator and the releasing valve. In the ending process
cooling time was controlled by the cooling water flow rate at the plate heat exchanger. The come-

up time was 30 minute, temperature raised 30°C to 140 °C, and the cooling time was 12 minute.
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M1519 0.1 MR TRUK AT o 39A199 NTn1IzA |

M omuuQil | el | omvgdl | omvpll | omugl | anweu
(i) (M) (N (Md9) afy controller | (115
0 35 35 35 35 35 0.5
1 38.2 38.3 38.3 383 38 0.5
| aer |03 40.4 39.5 39.5 0.5
3 434 43.2 43.6 42.9 41.7 0.5
aff T3 46.2 46.4 459 46.5 0.5
5 49.1 49.2 49.3 48.8 48.2 0.5
6 sl 2175751 & A 52 51.5 50.6 0.5
7 54.3 54.5 544 54.1 529 0.5
8 56.9 57 56.4 56.6 552 0.5
9 5930 ) ss 59.5 59.1 57.9 0.6
10 61.7 61.9 61.7 61.5 60.2 0.6
y X 64.2 64.3 63.8 62.6 0.6
12 66.3 66.5 66.5 66.1 64.9 0.6
13 68.5 68.7 68.6 68.3 67.3 0.6
14 70.7 70.8 70.8 70.4 69.3 0.7
15 72.8 72.9 73.1 72.6 716 0.7
16 74.9 75 75.1 74.6 73.6 0.7
17 77 77 77.1 76.6 75.8 0.75
18 78.9 79 79.1 78.6 77.8 0.75
19 80.8 80.9 81 80.5 79.5 0.75
20 82.7 82.7 82.8 82.4 81.4 0.8
21 84.5 84.5 84.6 84.1 83.2 0.8
22 86.3 $63 | 864 86 85.2 0.85
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23 88,1 88.1 88.2 87.8 87 0.85
24 §9.9 89.9 S0 89.5 38.8 0.85
25 9i.5 91.5 91.6 91.2 90.7 0.9
26 932 93.2 | 93.3 92.9 923 0.95
27 94.8 94.8 94.9 94.5 94.1 I
28 90.5 96.4 96.6 96.2 95.7 |
- 29“ U8 U8 98.1 91.% 97.3 1.05
30 99.5 99.5 99.6 99.2 99 1.1
31 101 101 101.1 100.7 100.4 L.15
32 162.4 1023 102.4 102.1 102 1.2
33 103.7 103.7 103.8 1035 103.3 1.25
34 104.5 104.5 104.6 104.3 104.8 £.3
35 105.8 105.9 106 105.5 106.2 1.35
30 107.1 107 147.1 106.8 108.2 1.4
37 108.3 108.3 108.2 107.8 109.6 1.4
38 109.4 109.5 109.6 109.2 110.7 1.5
39 L10.6 110.7 110.7 110.4 112.2 1.5
40-" L11.8 111.9 111.8 111.5 H3.4 1.5
41 112.8 112.9 112.8 112.5 t14.7 1.5
42 14 113.9 114 113.7 [15.8 1.55
43 115.2 115.1 115.3 115 116.9 1.55
44 116.5 116.3 116.5 116.2 118 1.5
45 117.6 117.7 117.8 117.4 118.9 1.6
46 L18.7 118.7 118.6 118.3 1198 1.6
47 119.1 L19 119.2 119 120.7 1.6
48 120 119.9 120.1 119.9 121.5 1.7
9 120.8 120.8 120.9 120.7 122 1.7
50 [21.6 12]5 121.7 121.5 122.1 1.7




M99 0.1 (A18) NIIATIVINGANNI B §RANS N1z |

45

51 122.1 122 122.2 122 122.1 1.7
32 122.3 122.2 122.4 122.2 122 1.7
53 1223 122.2 122.4 122.2 121.8 1.7
54 122.1 122.1 122.2 122.1 121.6 1.65
55 122 121.9 122 121.9 121.4 .65
56 121.7 121.7 121.7 121.7 120.9 1.6
57'“""" 121.5 121.4 121.5 1215 120.7 1.6
N ;87 ]217 121 121.1 121 120.6 1.6
59 1209 120.8 120.9 120.8 120.6 1.6
60 120.8 120.7 120.8 120.8 120.7 1.6
6l [20.8 120.6 120.8 120.7 120.8 1.6
62 120.8 120.7 120.9 120.7 120.9 1.6
63 120.9 120.8 121 120.8 121 1.6
64 121 120.8 121 120.9 121 .6
65 121 120.9 121.1 121 121.1 1.6
66 121.1 121.1 121.2 121.1 121 1.2
67‘ \ 136.1 107.4 106 109.2 108 |
658 95.7 97.6 955 98.4 95 0.3
oY 86.2 87.5 859 88.6 86.4 0.2
70 78.2 79.2 78.1 80.2 78.4 0
71 71.6 72.1 71.2 73.2 71 0
72 06.1 66.3 65.7 67.3 65.5 0
73 ol.4 61.4 60.9 62.2 60.5 0
74 57.5 574 56.9 582 56.7 0
75 54.1 54.1 53.8 54.9 53.4 0
76 51.5 513 3l 514 50.8 0
77 49.1 48.8 48.6 49.4 48.2 0
78 47 46._{:" 46.6 47.3 46 0
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AT 0.2 N19AT19TAYHT 2 3AR199 ATN1IZR 2

]
(=)

na ownnil | unnd | gavpd | emwmal | emvll | Aanwdu
) | ) (Nana) (1) (i controller | (17%)
o 3 35 35 35 35 !
1 38.2 38.4 38.3 38 36.9 1
2 39.3 39.5 39.4 39.4 38.1 |
3 42.5 42.4 42.8 42 414 1
4 45.6 45.6 46 45.2 44.2 !
5 48.6 48.6 49 48.2 46.9 !
6 51.5 51.5 51.7 51.1 49.7 1.1
7 4.0 54.2 54.4 53.8 52.6 11
8 56.7 56.9 57.1 56.4 55.2 1.1
9 59.2 59.4 59.6 59.1 57.9 1.2
10 61.7 61.9 62.1 61.5 60.2 1.2
) 63.9 64.1 64.4 63.8 62.6 1.2
1 66.2 66.4 66.7 66.1 65.1 1.2
13 68.4 68.7 68.9 68.3 67.3 1.25
14 70.5 70.8 71.1 70.4 69.4 1.25
15 72.6 72.9 73.2 72.5 715 1.3
16 74.7 74.9 75.2 74.5 73.6 1.35
17 76.7 76.9 77.2 76.5 75.7 1.35
18 78.7 78.9 79.2 78.5 77.6 1.4
19 80.5 80.7 811 80.4 79.6 1.45
20 82.4 82.6 82.9 82.3 81.5 1.5
2 84.2 84.5 84.8 84.1 83.5 1.5
22 86.1 86.2 86.6 85.9 85.4 1.6
23 87.9 83 88.4 §7.7 87.2 1.6
24 89.6 89.7 90 89.4 88.9 165
25 91.2 91.3 91,6 91 90.8 1.7
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M98 1.2 (AB) N33V TAYUNI I 1 AR AFN1IZA 2

26 92.8 93 93.3 92.7 924 1.8
27 094 .4 94.6 94.9 94.3 95.8 1.8
28 96 96.2 96.5 959 873 1.9
29 k 97.6 977 98 97.5 98.8 2

30 99.1 992 99.6 99 100.4 2

31 100.5 100.6 101 100.4 102 2

32 102 102 102.4 101.8 103.4 2.1
33 103.4 103.5 103.8 103.3 104.8 2.1
34 104.8 104.9 105.2 104.7 106.4 2.1
35 106.2 106.3 106.6 106.1 107.7 2.1
36 107.5 107.6 107.9 107.5 109.1 2.1
37 108.8 108.9 109.2 108.8 110.4 2.1
38 110.1 110.1 110.4 110 111.7 2.1
39 [11.3 111.3 t1.6 P2 112.9 2.1
40 112.5 112.5 112.8 112.4 114.2 2.1
41 113.7 113.7 114 113.6 115.3 2.1
42 [14.9 114.9 115.2 114.5 116.7 21
43 1t6.1 116.1 116.3 116 117.9 2.1
44 117.2 117.2 117.5 117.1 119.1 21
45 118.4 118.4 118.7 118.3 120 21
46 119.3 119.3 119.5 119.3 121.t 2.2
47 120.2 120.2 120.4 120.2 121.9 2.2
43 1211 121.1 121.3 121.1 122.8 2.2
49 121.7 121.8 121.8 121.7 122.9 2.2
50 1219 121.9 122.1 121.9 123 2.2
51 122 122.2 122.1 122.1 122.9 2.2
52 £22.2 122.2 122.3 122.2 1229 2.2
53 122.1 122.3 122.1 122.3 122.8 22
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A5 1.2 (@8) MinitaTagunnil o 1A Aern1ied 2

54 1222 122.2 122.4 122.2 1227 2.2
55 122 122.3 122 122.3 122.6 22
56 122.2 1221 122.4 122.2 122.4 21
57 121.8 122.1 121.9 122.2 1223 2.1
58 122 122 122.2 122 122.2 2.1
59 1_2—]—.6 121.9 121.6 121.9 122 2.1
60 121.8 121.7 121.9 121.7 121.9 2.1
ol 121.4 121.6 122.4 121.6 [21.8 2.1
N 62 121.3 121.5 121.5 121.5 1217 2.1
63 121.2 121.3 121.4 121.3 121.6 2.1
64 121.3 £21.4 12t.4 121.2 121.4 2.1
65 121.4 121.3 121.5 121.3 121.3 2.1
66‘ 101.7 103.6 101.7 104.6 104.5 1.25
67 89.3 91.1 §9.3 92.5 87.7 I
68 793 80.2 79.2 81.4 74.5 0.8
69 713 71.7 70.9 72.8 64.8 0.5
70 64.7 64.9 64.4 659 57.9 0.3
71 59.5 59.4 59.1 60.3 52,4 0.3
72 55 54.9 54.6 55.7 48.8 0
73 51.2 51.2 50.6 52 46.1 4]
74 47.5 47.1 46.8 478 43.7 4]
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M1 .3 MIATIVIRgNHYH M 98

]
=

7199 NANIEN 3

1307 guugll | pomgil | gmvgN | omwgd | omuQl | AU
i) | oandy (Na19) (Ha9) (i) controller | (113)
0 35 35 35 35 35 1
1 38.2 38.4 38.3 37.8 36.9 1
2 39.1 38.9 39.4 38.5 38 1
3 423 422 42.6 41.8 41.6 1
4 45.2 45.3 45.6 44.8 44.6 1.05
5 48.2 48.2 48.6 47.8 47.5 1.0
6 50.9 SL1 51.4 50.6 50.2 1.1
1/ sis ] e 54.1 53.3 52.9 L1
8 56.2 56.4 56.7 55.9 55.4 11
9 58.6 58.9 59.2 58.5 58 1.1
10 61.1 61.4 61.6 60.9 60.4 115
" 63.5 63.8 64.1 63.3 62.8 1.15
12 65.9 66.1 66.4 65.6 65.1 1.2
O Cese | Loewa 68.7 57.9 67.8 1.2

14 70.5 70.6 70.9 70.2 69.7 1.25
15 N, 72.8 73 72.4 71.9 1.25
16 74.8 75 75.3 74.5 74 1.3
o 77 77 77.4 76.7 76 1.3
18 79 79.1 79.4 78.7 78.2 1.35
19 80.9 81 81.4 80.7 80.3 1.4
20 83 83 83.4 82.6 82.3 1.45
2 §4.9 84.9 85.4 84.6 84.3 1.5
22 86.9 86.9 87.2 86.5 86.3 1.5
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M5 0.3 (@8) MinidaTagunnil w yae19 Nan1iei 3

23 88.6 B8.7 89.1 883 88.1 1.55
24 90.5 50.5 90.8 90.1 90 1.6
25 92.3 922 92.6 91.9 91.8 1.7
26 PRRY 939 94.4 93.6 93.6 1.75
27 95.0 95.6 96.1 95.4 95.4 1.8
28 97.3 97.4 97.8 97.1 57.1 1.85
- ?.A() ) Z)9] 99 99.5 98.8 98 1.9
30 110.6 100.6 101 100.3 100.6 2
31 1n2.2 102.1 102.6 101.9 102.3 2
32 3.8 103.7 104.1 103.4 103.9 2.1
33 " ‘]“(';5.4 105.2 105.7 104.9 105.5 2.15
34 106.9 106.7 107.2 106.5 107.1 22
35 108.4 108.2 108.7 107.9 168.6 2.25
36 109.9 109.7 1101 109.4 110.1 23
37 111.3 111 1114 110.8 111.6 2.4
38 112.6 112.4 112.8 112.2 113.1 25
39 H_}.() 113.7 1t4.1 1134 114.4 2.6
40 11501 1149 1£5.3 114.7 115.8 2.65
41 110.4 116.2 116.5 116 1171 2.7
42 117.6 117.4 117.7 117.2 118.4 2.5
43 118.8 118.7 119 1184 119.7 2.8
44 [20 119.9 120.1 119.7 121 2.85
45 1“721 2 121 121.3 120.8 122.2 29
46 1223 1221 122.5 121.9 123.4 295
47 £23.5 123.3 123.5 123.1 124.8 3
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A1319 1.3 (118) MINTI TR 11 §AR197 NN 3

48 124.6 124.4 124.7 124.2 125.8 3.1
49 125.6 [25.4 125.7 125.2 126.9 3.15
50 126.6 126.5 126.7 126.2 127.9 3.15
51 127.6 127.4 12°7.7 127.2 129.1 32
52 [28.5 128.4 128.7 128.2 130 32
53 [29.5 129.4 129..7 129.2 131.1 32
54 ]3U(;4 130.3 130.6 130.1 132.1 3.2
55 131.3 131.2 131.4 131 133 3.2
56 132.1 132 132.2 131.8 133.8 32
57 132.8 132.7 132.9 132.5 1345 32
58 133.6_ 133.4 133.6 1333 135.6 3.2
59 134.4 134.2 134.4 134 136.2 3.2
60 135.1 134.9 135.1 134.8 137 3.2
ol 135.8 135.7 135.8 135.0 137.8 3.2
62 136.6 136.4 136.6 136.3 138.6 3.2
63 137.3 137.1 137.3 137.1 139.3 3.2
177 647 h ”-]378 W 137.8 138 137.8 144}.1 33
65 138.6 138.4 138.6 138.4 140.6 33
66 i37.l 137.3 137 137.4 140.8 3.3
67 137.9 137.5 137.6 137.3 141 33
68_— [38.6 138.3 138.5 138.3 141 3.3
09 [38.9 138.7 138.8 138.7 140.9 33
70 139.3 139 139.2 139 140.8 3.3
71 138.3 138.6 138.1 13.7 141.1 33
72 138.5 138.2 1384 138.1 141 3.3
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M3 1.3 (@) MInTIInguil w gan1e Nen1iei 3

73 110.4 1151 110.6 119.9 116.7 2
74 94.3 7.9 94.2 8.6 99.8 1.2
75 79.1 81.6 79.1 82.5 80.9 0.8
76 O8.8 69.8 68 70.6 08.9 0.5
77 60.3 6l.4 59.9 61.9 61.5 0.2
78 55.6 54.8 53.8 55.3 547 0
79 49.6 49,7 49.1 503 50.5 0
80 40.2 459 45.5 46.4 475 0
81 39.5 . 437 42,5 44.7 45 0
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Plain Carbon, Carburized Steels
céz B
C10158 73 46 30 71 93 149 (.048") Tumnid
C62
Ci0%0 75 48 31 71 93 166 (.046")| tuwpld
C62
1092 83 47 27 66 a1 163 (.046") l
CE5
C1117 97 59 23 53 33 192 {.045") i AUIRDYALEA
CB1
Ci1118 113 77 17 45 16 229 (.065") | ANINDIRLAA
Flain Carbon, Hardened Steels
C1o30 | 1292-75 93-58 [18-33|48-71| a-100 495-179 woldn 9@
c1040 [ 113-89 86-62 |[19-33|48-68136-72 262-1¢£3 wetdned
1050 | 143-96 | 108-61 |10-30 | 42-63{16-53 321-102 w140 4@
C1060 | 160-103 | 112-68 | 12-28]40-60|14-23 3e1-212 fovanuila
"c1o8e | 190-117 | t42-70 l12-24|38-51|10-22 368-223 Aevuauia
C3i095 | 188-190 | 120-74 |10-26 | 30-53| s5-6 401-229 fAodupuila
C1137 | 158-87 1 138-60 | 6-28|22-70|10-90 I52-174 ADNANN
C1141 ] 237-94 180-68 7-v8|58-63] g9-81 461-192 AndAuan
C114a | 128-97 91-68 |17-24 36-50| 7-62 277201 ANAANIN
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A1 1.2 1IBUAD - QNI

PROPERTIES OF WATER. SATURATION TEMPERATURE TABLE (S| UNITS}
vin emifg, 1 emi/g = 1073 m¥/kg, h and vin kJ/kg; s in kifkgK; pin bars, | bar = 10° Fa

Specific Yolume Internad Energy Enthalpy Entropy
Tewmp. Press. Sat. Sat. Sat. Sal. Saf. Sat. Sut, Sat,
T, P ) Liquid Vapor Liquid Yapr Liquid Evap. Vapor Liquid Yapor
*C bars 4 oy e u; oy hy By hy 5 5
0 0.006 11 10002 206 278 -(.03 23754 -0.02 2501.4 2501.3 - 00001 91565
b 0.008 72 1.0001 147 120 2097 23823 20,98 2489 .6 2510.6 0.0761 90357
10 D0E2 28 1004 100 379 42.00 23892 42.01 24777 2519 8 0.1510 89008
15 0017 08 1.000Y 779 6299 23 62949 14659 A 1.224% 8.7414
20 0.023 39 10018 57 791 83495 24029 #3.96 14541 25381 0.2966 86672
258 0.031 69 1.0029 43 360 104 8% 24098 104 89 24423 25472 0.3a674 8 5580
0 D.042 46 1.0043 32 894 125,74 24160 115.7% 343005 28563 0.4369 84513
35 0.056 28 1M 25 216 14667 24034 146 6 24158.6 25053 (0.5053 K354
40 D073 84 1.O07R 19 421 167 56 23000 tni 587 2406.7 25743 057258 R.2570
45 nips 9l 1 AXKE P9 25K i8R 44 24368 18K, 45 2194 K 25832 {1.6187 L RISt
M} [UNES] 1040 it R 45 200033 212 7 2552 0 708 R O243
55 41576 10046 H56R BRI 245001 230 74 23707 20K R 1767y 794911
) (. 194 10172 7671 Eal I 24566 28113 JISKS 26006 0K T 90K
% 0.250% 10192 Hhi97 N O 24631 212100 2346 2 26183 (L HY3S TRV
70 Gy I 220 S42 252 9% RETRENG 253 0K REERN 2626 8 092549 FRARR]
79 0. 3RSH 1.0259 4134 ERRE U} 24759 33 23214 26353 10155 76824
A0 0.4734 10291 W7 RRER 1 24422 4.9 REID.8.} 26437 F0753 16122
- {1 5763 1.03258 JR2% ERA B RERLLE 355,90 22940 205149 11343 75445
90 0,7014 1.0360 261 176 KS 2494.5 176 .42 22832 2660 | 11925 74791,
95 0 R455 10397 19R2 T ER 25006 T 94 2270.2 K L 1.2500 74159
100 1.014 1.0435 1673, 418 94 2506.5 419,04 2257.0 2676.1 13069 7.35%49
110 1.433 1.0516 1210 461 34 25081 461 30 2302 26915 1.4185 7.2347
120 1. 985 1.0603 K91.9 503,50 25293 S0 71 22026 27063 1.5276 71296
130 2,761 1.0697 (S 54602 25399 54611 21742 17205 1.6344 7.0269
§40 3613 1.0797 508.9 SHE. 74 25500 SHY. 1) 21447 27339 17391 6.9294
150 4.758 1.090% 1928 6168 15595 632.20 21143 27464 1 8418 6837
160 6178 11020 3071 674 84 J56H.4 H75.55 2082.6 27581 1.9427 6.7502
170 7917 11143 2428 71833 25765 71921 20449.5 27687 2.0419 66661
180 16.02 11274 1941 16204 19817 6322 20150 27T7R.2 21396 6 5SHST
190} 12.54 1.1414 1565 Hi¥i 18 25900 BO7.62 1978 8 2786 4 212359 4. 5074
200 15 594 11565 127.4 HA0L65 25953 RS2.45 1940.7 1932 233 6.43273
210 19.06 11726 104.4 89551 25995 RY7 .76 1900.7 2798.5 2.4248 6.3583
220 2318 11900 8619 94t).87 26024 94362 18385 2802.1 25478 6.2861
230 27.493 1. 2088 1.5 Y674 26039 9HY12 tRI3E 2R04.0 2.6099 6.2146
240 13.44 1.2291 5976 1013.2 26040 1017.3 17665 2803.8 2.7015 6.1437
250 39.73 1.2512 50.13 1980 4 2002.4 1085.4 1716.2 28015 27927 60730
264 46 KR 1.2758 42.21 81284 25990} 1134.4 16625 27969 2 4838 6.0019
270 54.99 1.3023 35.64 11774 35937 L144.5 16052 278497 2.975] 5 9301
280 64,12 1.3321 a7 12375 2586.1 1236.0 1543.6 2779.6 1.0668 S.8571
20 74,36 1.3656 25.57 12789 2576.0 12891 14771 2766.2 11594 5.7421
ElL)] 8581 1.403% 2167 13320 2563.C 1344.0 149 2749.0 31254 5.7045
320 1127 1. 4988 1549 1444 .6 25255 1461 5 1238.6 27003 1.44380 5.5362
340 1459 1.6379 10,80 15703 24644 15942 10279 2622.0 31.6594 53157
160 1865 1 8425 6.945 17522 23511 17605 7205 2481.0 1.9147 5.0526
37414 240 3188 3185 2329 .46 PR ¥ 3 1} 209493 4 4298 44298

Sonrce: Abndged from Kevnan, 30 H . 1 G Keyoes, PG Ml and J. G Muoote, “Steamn Tables,” Jobo Wiley & Sons, Inc., New Yuork, 1964,
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