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INTRODUCTION

| Knowledge of hygroscopic equilibrium isotherms, heat of desorption or ad-
sorption and bulk density is essential in solving the heat and mass transfer
problems involved in grain drying, aeration, sﬁorage and processing. Grain
moisture content can be easily and quickly measured in grain handling opera-
ticns. Thereforé, tables which list important grain propecties in relation
to moisture content should prove useful to producers and commercial handlers
of grains.

The purposes of this investigation were two-fold: 1) to study equilib-
rium relative humidities from 100-40°C (500-1040F), specific heat and bulk
density in relation to moisture content over the range encountered from har-
vest to long-term storage for major food grains, food legumes and oilseeds,
and 2) to present the data in a convenient form.

Tables were computer generated using approoriate equations developed from
experimental data. The numerical values used in the calculations are unique
because the measurements for all commodities (except wheat) were made by one
investigator using the same methods at the same conditions (1), thus eliminat-
ing error factors inherent in using data collected by several laboratories.
Because a grain's history affects equilibrium relative humidity, test weight

and specific heat, figures in the tables cannot be considered absolute values.
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METHODS

The experimental procedures and equations used to obtain the values shown

in ths tables are described briefly below.

1. Equilibrium relative humdity
Each material was held in desiccators at 30, 50, 70, 80 and 90% rela-

tive humidity at 59, 100, 250, 30° and 40°C until equilibrium was attained (3-4
weeks). Aqueous sulfuric acid solutions were used to maintain desired relative
humidities. Moisture content determinations were made on whole seeds using
air-oven methods which are listed in Table A of the Appendix. Also shown on
the seme table are the proximate chemical analyses for the grain and legume
samples used in this research.

The modified Chung-Pfost equation for equilibrium relative humidity (2)
was used to generate values shown in the tables.

" ERH = EXP [-A/R (T + C) * EXP (-B * Mp)]
where A, 8, C are constants
R =1.987

T

temperature, OC

Mp = meisture content, dry basis (decimal)
ERH = equilibrium relative humidity (decimal)
Constants were estimated using a non-linear least square program, GAUSHAUS (3).

The constants for each crop are shown in Table B of the Appendix.

2. Specific heat
A heat balance equation was used to calculate the specific heat of.
the various seeds after measuring the temperature rise produced in a known
volume (300 ml) of toluene by a quantity of grain (100-300 gn) of a given
moisture content with a calorimeter. Measurements were made at five moisture

levels between 7-20%, wet basis, at 250C,
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Values for specific heat were generated from ‘the following equation:

C,b=A+B*M

p
where A and B are constants

M = moisture content, wet basis (%)

Cp = specific heat, Btu/lb-OF (Multiply by 4.1868 to obtain kJ/kg-K)

The constants were estimated using the SAS computer program (4) for linear

equations. Constants and R2 values are shown in Table C of the Appendix.

3. Bulk density
The test weight per bushel (bulk density) of various grains, legumes
and oilseeds was measured at five moisture contents (7-20%, wet basis) at 250C
with the standard apparatus recommended by the USDA. The equation below was
used to generate the bulk density values.
Tw=A+B*M

where A and B are constants

M = moisture content, wet basis (%)

Ty = test weight, 1bs/bushel (Multiply by 12.8148 to obtain kg/m3)
Regression analysis of the relationship of test weight and moisture content is
shown in Table D of the Appendix. Constants were estimated using thé SAS

program.

4, Computer program
The computer program used for generating values in tables is shown

in Table £ of the Appendix.
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RESULTS

Values for equilibrium relative humidities, specific heat and bulk den-
sity at moisture contents ranging from 6% to 28% (w.b.) for 12 cereal grains,

five food lequmes and 8 oilseeds are tabulated in Tables 1-25.
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Table 1. BARLEY: EQUILIBRIUM RELATIVE HUMIDITY, SPECIFIC HEAT AND BULK DENSITY
AT VARIOUS MOISTURE. CONTENTS

Moisture _ Specific Bulk
Content Equilibrium Relative Humidity Heat Density
(% w.b.) (%) (k3/kg-K) (kg/m3)
T _--—10 C o 20C ‘--_Eg C 30 C ---;a-c 25 E--------E;-E--
50 F 68 F 77 F 86 F 104 F 77 F 77 F
6 9.4 13.5 15.5 17.5 21 .4 1.09 €3€.65
7 14.1 18.6 ZleZ 23.5 27.1 l.12 632.4
8 19.7 25.2 2117 30,1 34,6 1.16 €27.5
S 2642 32.1 34.7 37.2 41.7 1.19 623.2
10 33.3 39.3 42.0 44.4 48.8 1.23 618.8
11 40.8 46.€ 46.2 51.5 55.6 1.26 6l4.3
12 48.2 53.¢ 5€.1 58.3 €2.C 1.30 €CS.7
13 55.4 60.5 62.7 64.6 67.9 1.33 605.2
14 62.1 66.1 €8.6 70.3 713.2 1.36 60J.6
15 68.3 72.3 73.9 T34 77.9 1.46 55661
16 73.8 17.2 1€.6 79.9 82.0 1.43 591.6
17 7646 8l.5 82.6 83.7 et 1.47 587.0
18 82.7 85.1 86.C 86.9 88.3 1.50 58245
19 86.1 8.1 85.9 89.6 SCe7 1.54 578.C
20 89.C 90.6 91.2  S1.8 92.7 1.57 573 .4
21 91.4 92.6 93.1 93.6 S4.3 1.61 56845
22 G63.3 94.3 94,7 95.0 95.6 le€4 6444
23 S4.8 95.¢€ 555 96.2 S€.€ 1.68 559.8
24 96.1 9646 $6.5 97.1 ST.4 1.71 £55.3
25 97.0C G7.5 ¢1.6 97.8 98.0 1.75 55067
26 97.8 98,1 58.2  98.3 6845 1.78 4642
21 G8.3 98. € G8.1 98.8 G8.9 l.8¢2 S4l1.7

28 G8.8 99.9 55.C 9S.1 55e2 1.85 537.1
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Table 2. BEANS, DRY: BULK DENSITY AT VARIOUS MOISTURE CONTENTS

Moisture Bulk
Content Density
(% w.b.) (kg/m?)
""" " Grest ]
Northern Kidney l.ima Pinto
6 772.6 760.2 724.4 774.2
7 765.6 754.8 721.3 768.1
8 758.5 749.5 718.1 762.0
9 751.4 744.1 . 715.0 755.9
10 744.4 738.7 711.9 749.8
1" 737.3 733.4 708.8 743.7
12 730.2 728.0 705.6 737.6
13 723.2 722.6 702.5 731.5
14 716.1 717.3 699.4 725.3
15 709.0 711.9 696.3 719.2
16 701.9 706.5 693.1 713.1
17 694.9 _ 701.1 690.0 707.0
18 687.8 695.8 686.9 - 700.9
19 680.7 690.4 683.7 694.8
20 , 673.7 685.0 68ﬁ.6 688.7
21 666.6 679.7 677.5 682.6
22 659.5 674.3 674.4 676.4
23 652.4 668.9 671.2 670.3
24 645.4 663.6 668.1 664.2
25 638.3 658.2 665.0 658.1
26 631.2 652.8 661.9 652.0
27 624.2 647.5 658.7 645.9
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Table 3. CHICKPEA: EQUILIBRIUM RELATIVE HUMIDITY, SPECIFIC HEAT AND BULK DENSITY
AT VARIOUS MOISTURE CONTENTS

Moisture ' Specific Bulk

Content Equilibrium Relative Humidity Heat Density

(% w.b.) %) (kJ/kg+K) (kg/m3)

W o ¢ e 4c sc  25¢C
S0 F 68 F 77F 86 F 104 F 77°F 77°F
6 20.1 22.9 24.2 25.5 28.1 1.20 7773
7 2549 28.9 30.3 31.7 34,2 1.23 172.5
8. 32.3 35.3 3648 38.2 40.8 1.27 767.7
9 3845 4145 43.4 44.7 47.3 1.30 762.5
10 45.6 4845 49.9 51.2 £3.6 1.34 758.1
11 5241 5446 5642 5744 5647 1.37 753.3
12 = 58.4  61.0 62.2 63.3 €5.3 1.40 14€.6
13 64432 66.1 €7.7 6847 7Ce5 1.44 i43.8
14 69.7 71.8 72.7 1346 75.1 1.47 13646
15 T4.6 T6.4 71.2 77.9 79.3 1.50 134.2
16 78.9 80.4 8l.1 81.7 82.8 1.54 725.4
17 82.6 8349 84 .4 85.0 85.9 1.57 124 .6
18 85.8 86.6 87.3 87.8 8846 1.€0 115.8
19 88.5 89.4 89.8 90.1 50.8 le €4 715.1
20 90.3 91.% Sl.8 92.1 G248 1.67 710.3
21 92.7 93.2 93.5 93.7 94,1 1.70 705.5
22 S4,2 94e 7 S4e$ 95.0 S5.4 1.74 700.7
23 95.5 95,8 96.0 96.1 T 1.77 €S5.5
24 S6.5 96.8 S€.S $7.0 97.2 1.80 691.1
25 57.3 9745 97.6 S$7.7 S7.8 1.84 68643
2¢ S7.5 98.1 S8.2 S8.2 98.4 1.87 681.6
27 S8.4 98.6 S8.6 98.7 Se.7 1.90 67648

28 8.8 98.9 99.0 96.0 SS.1 l1.54 €72.0
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COTTONSEED:

DENSITY AT VARIOUS MOISTURE CONTENTS
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EQUILIBRIUM RELATIVE HUMIDITY, SPECIFIC HEAT AND BULK

Moisture
Content
% w.b.)

Equilibrium Relative Humidity

(%)

10
11
12
13
14
15
l¢
17
18
1s

2¢C

47.2
54.5
62.0
68.6
T4.3
1S.3
83.5
8€.5
8S.8
92.1
94.C
95.4
S€.t
ST7.4

S8.1

64.8
71.0
76.4
8l.0
84.6
88.1
90.7
92.8
94. %
95.8
G645
STe7
98.3
98.7
99,1
99.3
99.5

99,7

88.5
88.6
91.1
93.1
G401
S6.0
G1.C
97.8
983
S8.€

99,1

Specific Bulk
Heat Density

(kd/kg*K) (kg/m>)
30 C 40 C 25 C 25 C
86 F 104 F 77 F 77 F
3045 33.4 1.21 €2C.6
38.2 41.1 1.24 612.8
4€.0 48.8 1.26 604.9
53.6 5642 1.29 567.C
607 €3.1 132 589.1
6742 6S.3 1.35 581.2
73.1 14.9 1.38 573.3
78.1 75.€ 1.40 565.4
82.4 83.7 1.43 55745
86.0  87.0 1446 54546
85.0 85.8 1.49 54147
91.4 s2.1 1.52 533.8
93.4 93.9 1.54 52545
95.0 S543 1.57 518.0
G6e2 G645 1.€0 510.1
97.1 S7.3 1.63 50242
97.9 S8.C 1.66 494.3
98.4 98.5 1.68 486 .4
$8.8 CE.9 1.71 476.6
99.2 99,2 l.74 470.7
99.4 5S4 1.77 46248
99.6 99.6 1.80 45445
99.7 99.7 1.83 447.0




Table 5.

Moisture
Content
(% w.b.)

10
11
12
13

14

1¢
17
18
19
2¢
21
22
23
24
25
26
27

28

DENT CORN:

DENSITY AT VARIOUS MOISTURE CONTENTS

17.3
244
3z2.4
40.9
4G.3
5743
6401
T1.3
76.5
8l.8
85.7
89.C
91.6
G3.6
65.2
S6e5
97.4
98.1
c8.t6
59.0
563

9%.5
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EQUILIBRIUM RELATIVE HUMIDITY, SPECIFIC HEAT AND BULK

19.7
27.1
35.3
43.7
51.5
59.7
66.8
73.1
78.5
83. 0
86.7
85.8
92.2
94.1
95.6
96.17
S7.6
5842
98. 7

Fquilibrium Relative Humidity
(%) -
25 C 30C 40 C
77 F 86 F 104 F
14.3 15.3 17.3
20.9 22.0 243
284 29.7 32.1
26.¢€ 37.9 40.4
45.0 4642 48.6
3.2 54.3 5645
6C.8 61.9 63.8
67.8 68e7 70.4
7365 T4 T6.1
79.1 79.8 81.0
83.5 84.1 85.0
87.2 87.6 88.3
G0.1 90.4 91.0
92.4 92.7 G3.2
94.3 94.5 94.8
9.7 95.9 Sé€.1
96.8 G649 G7.1
61.1 97.8 S7.9
98.3 98.4 G845
G€.6 98.8 G8.9
99.1 99.2 SG6e2
GSe4 6.4 99.4
99.6 9G9.6 GG 6

Specific Bulk
Heat Density
(kJ/kg-K) (kg/m3)
s e
77 F 77°F
0.81 175.C
0.81 172.5
0.82 7€5.6
0.82 759.4
0.83 152.6
0.83 146 .4
0;84 736. 8
0.84 733.3
0.85 126.8
0.85 720.3
0.85 713.7
0.86 707.2
0.87 700.7
0.87 69442
0.88 687.7
0.88 €8l.l
0. 86 67446
0.89 56841
0.90 £61.€
0.90 65540
0.51 €48.5
0.91 64240
0.62 €35.5
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Table 6. FLAXSEED: EQUILIBRIUM RELATIVE HUMIDITY AT VARIOUS MOISTURE CONTENTS
Woisture T Specific Bulk
Content Equilibrium Relative Humidity Heat Density
(% w.b.) (%) (kd/kg*K)  (kg/m)
TN T T Tme wsco e ac  sc e
50 F 68 F 77 F 86 F 104 F 77 F 77 F
€ 32.¢ 3446 35.7 36.8 38.9
7 4117 44.1 45.2 46.2 48.3
8 51.2 53.3 54.4 55.3 572
S 60.0 61.9 €2.E 63.7 €5.3
1C 67.5 69.5 70.2 71.0 72 <4
11 T4e1 7640 1617 77.3 78.4
12 BUe4 8l.5 82.0 82.4 83.3
13 85.C 85.6 8€.3 86.6 87.3
14 36.7 89.3 £Se7 89.9 G6Ce5
15 Sle.6 92.1 92.3 92.5 G2.9
1l G2.8 G442 G443 5445 G448
17 S5.5 95.7 95.5 96.0 S6.2
18 SEeT G6. S G7eC 97.1 573
19 97.7 G7.8 97.9 97.9 G€.l
20 6.4 G8.°5 585 98.5 98.6
21 58.8 G849 8.9 99.0 6G.0
22 GG.2 99.2 6S.3 99.3 G9.3
23 9G4 9G.5 SGe5 99.5 GSe5
24 59.6 99.6 59.7 99,7 6S.7
25 5C.17 9G.8 99.8 9.8 G.8
26 $%.8 99.8 9G.8 99.9 9.9
21 59.65 99.9 GGeS 99.9 99.9
28 99.9 9945 99.9 99,6 GG.9




Table 7. FLINT CORN:
MOISTURE CONTENTS

Moisture
Content
(% w.b.)
T 10C
50 F
6 10.5
7 16.8
8 244
S 33.0
10 42.1
11 51.C
12 59.5
13 67.1
14 13.1
15 79.4
16 84.C
17 87.8
18 S0.8
16 93.1
20 4.5
21 96.3
22 G7.3
23 S8.1
24 98.6€
25 $9.0
26 96,3
27 65.5
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EQUILIBRIUM RELATIVE HUMIDITY AND BULK DENSITY AT VARIOUS

- o T S S . - T Y " . - - - S 0w e S S S I D S G S G5 A S S S8 an a . e

Specific Bulk
Equilibrium Relative Humidity Heat Density
(%) (kI/kg+K) (kg/m3)
T 25¢  30C 40 C ¢ »cC
68 F 77F 86 F 106 F 77F 77 F
12.5 13.5 14.5 1645 18€.0
19.2 2C.4 21.6 24,0 781.4
27.2  28.5  29.9  22.4 17446
36.0 37.4 38.7 41.2 768.3
45.0 4643 47.6 500 C 761.8
53,7 55.0 5642 58.4 755.2
61.5 €3.0 64el €640 14846
69.2 70.1 71.0 12.7 142.1
7545 7643 77.0 78.4 735.5
80.8 8le4 82.0 3.1 125.0
8542 £5.7 86.1 87.0 122.4
88.7 89.1 89.4 S0.1 715.8
91.5 S1.6 92.0 92.6 709.3
93.&  S3.S  Shel  She4 702.1
95.3 9545 95.6 $5.9 65642
96.6 SEaT 96.8 $7.C £85.6-
97.5 97.6 97.7 S7.8 €€32.0
8.2 583 98.3 S8.4 €76.5
98.7 S8.8 98.8 S8.5 €65.9
99.1 SSel 99.2 99.2 6632.3
99.4 99 .4 99.4 SS.5 65648
99.6 99.6 99.6 9.6 65042
99.7 SG.1 99.7 SS.7 £43.7
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Table 8. LENTIL: EQUILIBRIUM RELATIVE HUMIDITY AND BULK DENSITY AT VARIOUS
MOISTURE CONTENTS
;oisture N T gpecific ------ g;I;--
Content Equilibrium Relative Humidity Heat Density
(% w.b.) (%) (kd/kg+K) (kg/m3)
T e wc 25¢C  30C 40 C 25 C 25 C
50 F 68 F 77 F 86 F 104 F 77 F 77 F
6 15.8 17.7 18.7 19.6 21.5 783.3
7 20.8 23.0 24.C 25.1 27.1 174.9
8 26.5 2848 255 31.0 23.1 166.4
S 32.6 35.0 3642 37.3 3544 157.5
10 36.0 414 42,5 43.6 45.7 749.5
11 45.5 47.8 48.9 49.9 5149 741.C
12 €1.6 544 1 55,1 561 57.$ 732.6
13 5845 60.0 61.0 61.9 €3.5 12441
14 €3.7 €546 €644 67.2 68.7 715.6
15 6G.C 70.7 1.4 72.1 72.5 707.2
1¢ 13.0 75.3 155 76.5 77.7 698.7
17 76.1 793 7545 80.4 8le4 €90.2
1€ 81.8 82.9 83.3 83.8 &4 o6 €81.8
‘19 85.1 8545 86.3 8.7 ET.4 673.3
2¢ 87.&  B83.5  88.6  89.2  85.8 €€4.
21 5Ce2 507 91.0 91.3 91.7 656 4
22 52.1 92.6 92.8 93.0 93.4 €47.5
23 $3.7 94.1 S4.3 9% .4 94,7 €39.5
24 $5.0 9544 $545 S5.6 5545 £31.0
25 S€ll 964 S6e5 96.6 5648 622.5
26 S7.C 97.2 S1.3 97.3 $7.5 6i4.1
21 67.7  97.8 97.9  97.9  $8.1 €05 .6
28 S8a.Z $8.3 S84 S8.4 $8.5 597 .2
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Table 9. MILLET: EQUIL.IBRIUM RELATIVE HUMIDITY, SPECIFIC HEAT AND BULK DENSITY
AT VARIOUS MGISTURE CONTENTS

Moisture - Specific Bulk
Content Equilibrium Relative Humidity . Heat Density
(% w.b.) (%) (k/kg-K) (kg/m3)
T ¢ 2sc e 4o »c e
S0 F 68 F 77 F 86 F 104 F 77 F 77 F
¢ 404 6.5 1.6 8.8 11.2 l.11 T14.7
7 81 11.8 13.4 - 15.0 8.1 l.14 711.7
8 15.C 19.0 21.¢ 22.9 2645 1.17 708.7
S 23.1 27.17 29.5 32.0 35.5 1.20 1C5.7
10 32.4 37.3 35.6 41.7 45.5 © 1.23 702.6
11 42.32 - 41.1 46.3 51.3 E4.8 1.26 €55.6
12 52.1 - 5645 58 o4 60.2 €3 .4 1.29 €56 &
13 61,1  65.0  66.7  68.2  TC.5 1.32 69345
14 69.2 72.4 73.8 75.1 77.3 1.35  €90.5
15 76.C 78.7 75.8 80.8 82.5 1.38 687.5
16 81.6 = 83.7  B4.6  85.4  £6.8 1.42 £84.5
17 86.2 87.8 8€.5 89,1 90.1 1.45 681.4
18 89.7 91.0 Sl.5 S1.9 G2.7 1.48 €78.4
1S 62.5 93.4 93.8 94 .1 94.7 1.51 €715.4
20 S4.5 95,2 $5.5 95.7 S6.2 1.54 672.3
21 S6.1 96.6 96.8 97.0 S7.3 1.57 €653
22 S7.2 97. ¢ $7.7 97.8 S8.1 1.60 66643
23 98.1 98.3 S84 $8.5 éa.e 1.63 €63.3
24 S8.7 98.8 ée.s 99.0 99.1 1.66 66042
25 99.1 99.2  99.2 99.3 SSe4 1.69 657.2
2¢ SS.4 99.5 99.5 99.5 99.6 1.72 65442
27 99,6 99.6 99.7 99.7 5.7 1.75 €51.1

28 $6.7 99.8 99.8 99.8 55.8 1.78 4801
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Table 10. MUNG BEAN: EQUILIBRIUM RELATIVE HUMIDITY, SPECIFIC HEAT AND BULK

10
il

12

14
15
16
17
18
19
20
21
22
23
24
25
26
21

28

96.8
8.2
99.0
59.4
99.7
59, 8
99.6
e
Bk K
L2
XAk
#***
RER K

L L LR

DENSITY AT VARIOUS MOISTURE CONTENTS

Specific
Equilibrium Relative Humidity Heat
(%) (k3/kg*K)
20¢C 25 C Y 40 C 25 C
68 F 77 F 86 F 104 F 71 F
4.0 4.0 4.1 4.2 1.18
13.2  13.2  13.4  13.7 1.21
28.5 28.6 28.8 29.1 1.23
4642 4¢€.4 4645 46.8 1.26
6246 6247 €2.8 €3.1 1.28
1545 1540 75.6 75.8 1.30
8446 84.7 84.7 84.8 1.23
5047 90.7 90.7 90.8 1.35
9445 S4.5 94.5 S4.6 1.38
96.8  96.8  $6.3 5649 1.40
98,2 C8.2 G8.2 S8.2 1.43
99.0 $9.C 99.0 65.0 1.45
99.4 5G.4 99.4 99.4 1.48
99.7 99.7 99.7 SS.7 1.50
99.8 é9.a 99.8 99.8 1.53
99.5 55.5 99.9 $5.9 1.55
fe oo o 3 t R 2] A3k Xk koo K 1.5€
3 % 3k % % 3k K X a3 e 3 ok o e 1.60
e 2 R LT a3 {e Bt e 3 o % l.€3
Rk e ook Aok 1.65
Aok ek e EE T EEL kK 1.¢8
ko k dhdh $e ok ETE Y] 1.70
%k 4 ok *dk Ak k% l.72

Bulk
Density
(kg/m3)

£46.3
835.3
624.3
812.2
802.2
791.1
780.1
765.1
758.0
147.¢
735.9
124.5
713.8
702.8
€51.6
€80.7
€65.1
658.6
€47.6
636.6

62545




Table 11.

Moisture
Content
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MUSTARD SEED: EQUILIBRIUM RELATIVE HUMIDITY, SPECIFIC HEAT AND BULK

DENSITY AT VARIOUS MOISTURE CONTENTS

Equilibrium Relative Humidity

(%)

10
11
12
13
14

16
17
18
1
20
21

22

24
25
26
27

28

51.7
61.4
69.9
77.1
8249

" ET.4

69.7
6. 6
99.9
99.9

B RER

Bk R

20C 25 C 3cC
68 F 77 F 86 F
34.4 36.3 38.0
45.1 4645 48.5
55.3 56,9 58.5
64.6 66,0 67.3
72.6 73.1 74.8
79,2 £Q.1 80.9
84.5 85.2 85.8
88.¢€ €S.1 89.6
91l.7 G2.1 92.5
94.1 S4.4 94.6
G548 9€.C 96.2
97.1 97.2 97.4
Sd.C G8.1 G8.2
G3.6 G8.7 98.8
99.1 96.1 99.2
‘99.4 99.4 9%.4
9. ¢& 56.6 99.6
99.1 GG.1 5G.8
99.8 S9.8 99.8
99.5S GG.6S 99.9
99.9 99.9 99.9
L L oo X 2k Xe 3 A
ko L ER LS Aok

Specific Bulk

Heat Density

(k3/kg*K) (kg/m3)

40 C o 25 c---—__--EE_E_—
104 F 77 F 77 F
4103 l.46 6794
51.6 1.49 €76.3
€l.2 1,52 €73.1
€S.6 1.55 669.9
76.7 1.58 66648
82.4 l.61 663.6
87.0 l.¢4 ¢60.5
905 1.66 657.3
G3.1 1.€9 €54.2
95,1 l.72 651.0
Sée5 1l.75 647.8
$7 46 1.78 €441
G8.3 1,81 6415
98.9 l.84 538.4
99.2 1.87 63542
6S.5 1.5C 632.1
99.7 1.92 623.9
9G6.8 1.S5 625.7
66.9 1.68 62236
GG.S 2.01 619.4
G9.9 2.04 €1€.3
Aok ok 207 613.1
sk ok ok EIC.G
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Table 12. OATS: EQUILIBRIUM RELATIVE HUMIDITY, SPECIFIC HEAT AND BULK DENSITY AT
VARIOUS MOISTURE CONTENTS

Moisture Specific Bulk

Content Equilibrium Relative Humidity Heat Density

(% w.b.) (%) (k2/kg-K) (kg/n3)

Lo et e wmc  sc ¢ 25cC
50 F 68 F 77 F 86 F 104 F 77 F 77 F
6 745 10.1 11.5 12.9 15.6 0.90 528.0
7 12.3 15.7 17.4 19.9 2242 1.02 £23.2
8 18.5 22,5 2444 2643 25.8 1.15 518.4
9 25.8 30.3 32.3 34.3 376 1.27 513.6
10 34.0  38.5 4Ce6 4246 46. - 1.40 5G8 .8
11 42.5 46.5 48.5 50.8 £4,.1 1.52 £04.0
12 5€.5 55.0 56.9 58.6 €le6 1.65 499.2
13 . 58.8 6246 €442 6547 €844 1.77 49444
1% 66.1 69.4 70.8 72.1 74.3 1.90 48S.¢€
15 TZ2.5 75.3 1645 776 15.4 2.03 484.8
16 78.1 80.3 81.2 82.2 £3.7 2.15 480.0
17 8247 8446 85.3 86.0 87.3 2.28 475.2
18  86.5  88.0  88.6  89.2 5Ce2 2.40 470.4
1S 8546 90.8 91.3 91.7 92.5 2.53 465.6
20 52.1 93.0 53.4 93.7 S4.3 2.€5 46C.8
21 S4.1 94.7 95.0 95.3 S5.7 2.78 45€.0
22 95.¢ S6.1 S€e3 G6e5  S6.8 2.90 45142
23 96.7 97.1 $7.3 97.4 S7.6 3.03 44€.4
24 ST.€ 57.6 S€.C 93.1 98.3 3.16 441.6
25 98.3 98.5 98,5 9846 58.8 3.28 436.8
2¢ $8.8 98.9 $S.C 99.0 59.1 3.41 432.0
21 59,1 99,2 $6.3 99.3 5S.4 <53 427.2

2¢& 59.4 99.4 99.5 99.5 9946 3.66 422 4

e - = = e - - - S D D = D T - - =
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Table 13. PEANUTS: EGUILIBRIUM RELATIVE HUMIDITY, SPECIFIC HEAT AND BULK DENSITY
AT VARIOUS MOISTURE CONTENTS

Moisture - Specific Bulk
Content Equilibrium Relative Humidity Heat Density
(% w.b.) (%) (k3/kg+K) (kg/m3)
T e 20 c ¢ sc we 2;—5-_-—-_-_55-5--
50 F 68 F 77F 86 F 104 F 77 F 77F
6 5049 54,7 5645 58.1 €Ca S 1.37 €2S.6
7 6z.1 6544 £6.8 68,2 70.5 1.4l 627.5
8 71.17 74.3 L4 76.5 7843 l.46 €25.5
S 15.4 Blo4 ~ 82.2 83.0 8444 1.50 622.4
10 85.3 B6.8 874 88.0 85.0 1.55 6214
11 89.7 90.8  91.2 91.6 92.3 1.59 €15.3
12 9245 93,1 $4.C 94.3 S4.8 1.64 61743
13 95.2  95.7  95.9  96.1  $6.5 1.68 €15.2
14 S€.8 97.1 97.3 97.4  S7.6 1.72 613.2
15 $7.9 98.1 8,2 98.3 S8.4 C 1.77 €l1.1
1€ 58.6 98.8 98.8 98.9 99.0 1.81 609.1
17 95.1 99. 2 $S.2 99.3 $5.3 1.86 €C7.C
18 $S.4 99.5 99.5 99.5 59.6 1.9 605.0
19 99,6 99.7 $G.7 99.7 SS.7 1.95 602.9
20 99.8 99.8 99.8 99.8 95.8 1.99 €C0.5
21 95.9 99.6 $Se S 99.9 99.9 2.04 598.8
22 99.9 99.9  99.5 99.9 $5.9 2.C8 556. 8
23 9G,G A kXK e 2 4 % E 3 E 2 Xk %k 2.13 594,17
24 X e %k % % % % tE R B X A e % e itk 2117 592.7
28 ok ek % ***# ok op % e e e E-3 2 % 2e22 59046
26 k%% Fap k¥ o ke 2 3 *#** % % 3 2k 226 588.6
27 L 22 % ok e 3¢ 2 k¥ ok 2k 2ok ok %k 2.321 EEée S

28 A ek Aok Aok Adok Rk 2.35 58445
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Table 14. RAPESEED: EQUILIBRIUM RELATIVE HUMIDITY, SPECIFIC HEAT AND BULK
DENSITY AT VARIUOUS MOISTURE CONTENTS

Moisture Specific Bulk
Content Equilibrium Relative Humidity Heat Density
(% w.b.) (%) (k3/kg*K) (kg/m)
T wc ac ;e 4c e 25¢
50 F 68 F 77 F 86 F 104 F 77 F 77 F
6 40.3 43.1 44 .4 45.7 48.0 . la44 €62.8
7 51.8 5404 55.6 5647 58. 8 1.48 €59.7
8 6243 64.5 65.5 66.5 68.3 l.51 €56.6
S 71.4 73.2 74.C T4.7 76.1 1.54 653.5
10 78.7 80,1 80.8 8i.4 82.4 1.58 €504 4
11 E4e3 85.6 86€.1 86,5 87.3 1.61 647.3
12 88.5 89.7 9C.1 90.4 91.0 l. 64 £44.2
13 92.2 92.8 93.0  93.2 93.7 1.67 641.1
14 54,6 95.0 6.2 95.3 $5.6 1.71 638.0
15 96.3 96.6 96.7 96.8 S7.0 1.74 €34.6
1¢ 67.5 57.17 G1.6 97.8 8.0 1.77 631.8
17 98.3 S8.4 S8.5 $8.5 sé,e 1.81 €28.7
18 S8.9 99.C SSeC 99,9 99.1 l.84 €25.¢
19 99.3 99.3 99.3 Q9.4 SSed 1.87 €22.
20 $6.5 99.6 96,6 99.6 99.6 1.91 619.4
21 96.7 99.7 $S.1 99,7 6G. 8 1.64 616.3
22 56,8 99.38 99.8 99.8 59.8 1.67 613.2
23 95.9  99.6 6.6  99.6  SS.9 2.0l 610.1
24 99.9 99.9 99.9 99.9 95.9 2.04 €07.0
25 Rkkd oo ok L2 2 3 3 E-3'E £ 2.07 €03.9
26 ook k% kb *dh ok ok *H0 % 2.10 €00. €
21 ok K ook Aeokok 4 A kR 2.14 567.7

28 ETY kA P Aok K Bdkk 2.17 £G4 .6
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Table 15. ROUGH RICE (LONG GRAIN): EQUILIBRIUM RELATIVE HUMIDITY AT VARIOUS

MOISTURE CONTENTS

Moisture
Content
(% w.b.)
o _10 C
50 F
€ 6.6
7 11.6
8 18.5
9 26¢5
10 35.3
11 4404
12 53.3
i3 61.5
14 6805
15 15.3
16 80.7
17 85.1
18 86.7
16 Sl.t
20 S3.7
21 S5.3
22 96.6
23 97.6
24 G8.2
25 98.8
26 S9.1
217 99.4%
28 GG. €

Equilibrium Relative Humidity

31.2
40.1
49.0
57.5
65.3
72.2
78.C
82.5
868
90.0
92.5
9444
95.9
97.0
97.8
5845
$8.9
99,2
99.5

99.6

(%)
25 C 30 C 40 C
77 F 86 F 104 F
11.C 12.4 15.2
17.2 18.9 22.2
24.8 26.8 30.5
33,32 35.4 35.2
42.3 44.3 48.0
51.1 53.0  5&.4
59.4 61.1 €4.1
66,5 68.4 71.0
73.5 T4.8 769
79.1 80.1 81.5
83.8  84.6 86.C
£1.5 88.2 89.3
90.5 91.0 S1.$
$2.5 93.3 9349
S4.7 95.0 95.5
96.1 96.3 S6.7
S1.2 S7.3 N
98.0 98.1 58.3
GEet 9846 S8.8
99.0 99.0 SS.1
$S.3 99.3 99.4
955 99.5 6546
99.7 99.7 99.7

Specific Bulk
Heat Density

(kI/kg-K) (kg/m3)
25 C 25 C
77 F 77 F
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Table 16. ROUGH RICE (MEDIUM GRAIN): EQUILIBRIUM RELATIVE HUMIDITY, SPECIFIC
HEAT AND BULK DENSITY AT VARIOUS MOISTURE CONTENTS

Moisture " specific Bulk
Content Equilibrium Relative Humidity Heat Density
(% w.b.) (%) (kJ/kg-K) (kg/m3)
T e e z5c e 4oc 5¢  25C
50 F 68 F 77F 86 F 104 F 77°F 77 F
6 .2 €aC 7.C 7.9 10.0 1.24 59240
7 8.5 11.1 12.4 13.7 16.4 1.26 56641
8 1446 18.0 19.7 21.3 24.5 1.28 60042
9 22.5 2645 28.3 30.2 33.6 1.29 604.3
10 31.7 35.9 37.9 39.7 4341 1.31 €085
11 41.4 4546 41.5 49.3 5245 1.33 612.6
12 51e1 5540 5647 58.3 61.2 1.25 €lé.1
13 6C.2 63.¢€ €5.1 6645 6940 1.36 620.8
14 8.3  Tl.2  12.4  13.6  15.6 1.28 €250
15 75.2 77.¢ 78.6 7945 8l.2 1.40 629.1
16 80,5 82.8 83.¢€ B4a4 £5.7 1.42 €33.2
17 £5.6 87.1 817.7 88.2 85.2 lo44 637.32
18 89.2 90.4 50.8 91.3 S2.C 145 641.5
19 52.1 92.9 93.3 93.6 S4el 1.47 €45 €
2¢ S4.2 94, 8 S5.1 95.3 5548 1449 645.7
21 55.5 96.3 Gé€lS 56.7 97.0 1.51 €53.8
22 57.C 97.4 57.5 97.6 57.8 1.52 65840
23 97.9 98.1 $8.2 98.3 $8.5 1.54 662.1
24 S8.6 S8.7 SE.E 98.8 G8.9 1.56 66642
25 99,0 99.1 S5.2°  99.2 56.3 1.58 €7C.4
2¢ $9.3 99.4 99.4 99.5 S9.5 1.59 6745
217 99.5 99.6 99.6 99.6  S5.17 1.61 678.6

283 99.17 99.7 99.7 99.8 55.8 1.€3 €8z.1
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RYE: EQUILIBRIUM RELATIVE HUMIDITY, SPECIFIC HEAT AND BULK DENSITY AT
VARIOUS MOISTURE CONTENTS

-Table 17.
Moisture
Content
(% w.b.)
T wec
50 F
6 7.1
7 11.4
8 17.C
S 23.1
10 31.3
11 39.2
12 47.2
13 55.0
14 62.3
15 66.8
1€ T4.€
17 1%.6
18 83.8
16 €7.3
20 90.1
21 S2.4
22 S4.2
23 S5.€
24 9¢€.7
25 57.6
26 G8.¢
27 98.7
28 9S9.1

Equilibrium Relative Humidity

Specific Bulk
Heat Density
(kI/kg-K) (kg/m3)

(%)

0cC ¢ 0C
68 F 77F  86F

.3 €S 5.5
13.0  13.8  14.6
18.5  15.8  20.7
25.8  26.9  27.8
33,5  34.5  35.6
41e4  42.5  43.5
49.4  50.4  51.3
57.0  57.9  58.8
64.0  64.8  65.6
70.3  71.1  71.7
75.9  16.5  17.1
80.7  81.2  8l.6
84.7  €5.1  85.4
88.C  88.3  B88.6
90.7  96.5  91.2
92.8  S3.C  93.2
G4e5  S4eT1 9448
95.9  96.0  96.1
96.5  97.C  97.1
97.7  97.8  97.8
$8.3  S8.4  98.4
98.8  S8.8  98.9
99,1  SSel  99.2

40 C 25 C 25 C
194 F 77 F 77 F
1C. 8 1.28 1676
16.1 1.32 757.5
22.5 1.36 147.4
25.8 1.40 737.2
37.5 1.44 72742
45 .4 1.48 717.1
53,2 1.52 707.0
6Ced 1.56 €56.5
67.1 1.60 686.8
73.0 1.64 67646
78.1 1.68 EEELE
€2.5 1.72 656 .4
8642 1.7¢ £46.3
89.2 1.80 63642
51.¢ 1.85 626.1
93.5 1.89 616.0
55.1 1.53 €05.5
5643 1.57 595 .8
$7.2 2.01 585.6
S8.0 2.05 E754 &
5845 2.09 565.4
S8.5 2.12 555, 3
99.2 2.17 54542

- - —  —————— - =
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Table 18. SESAME SEED: EYUILIBRIUM RELATIVE HUMIDITY AT VARIOUS MOISTURE CONTENTS

Moisture Specific Bulk
Content Equilibrium Relative Humidity Heat Dencity
(% w.b.) (1) (k3/kg-K) (kg/m?)
"""" e Tmeo 2z wmc  ac | c  pC
50 F 68 F 77 F 86 F 104 F 77 F 77 F
€ 56.1 6l.4 6i.5 63.5 €5.4
1 7i.0 72.8 1ie€ T4e4 15.8
8 80.1 8le4 82.C 82.6 83,¢€
S 8¢.8 87.7 88.1 88.5 89.2
10 © 9l.4 92.0 G2.3 92.5 G3.0
11 9445 9449 95.1 95.2 95.5
12 Gte 5 6.8 S€eS 97.0 G67.2
13 - 97.9 98.0 G8.1 98.2 GE.3
14 G807 G8.8 cE.8 98.9 98.9
15 S%.2 99,3 93.32 95.3 G54
1¢ 6Ge5 99.6 99.6 99.6 99.6
17 99.7 99.17 65,8 99.3 5.8
1€ GG.8 99.9 99.9 99.9 9.9
16 GGeS 99.9 GS.5 99.9 GS.9
20 99.9 ook ok e T L] e e e Bk
21 e A Aok % Aok ek Aokl %
22 A e ek d L2 HHA K Aok %
23 Ak ek ok EEE 2 A Xk K Aol ok
24 *kAHP BRAR e ek dokdkdk . Rk
2¢ ek e LS EFEE] A Bk R
26 EXE L] EFE L] Aok PR el e
27 FHkXK PTT %A% A e d kR

28 L L 2 %ok A Ak % 3 e X A 5 e e %
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Table 19. SORGHUM: EQUILIBRIUM RELATIVE HUMIDITY, SPECIFIC HEAT AND BULK DENSITY
AT VARIOUS MOISTURE CONTENTS

Moisture
Content
% w.b.)

1¢
11
12
13
14
15
1¢
17
18
19
20
21
22
23
24

25

- I - . O - — o T S D - G S IR V6P ) S S e S s G

Bulk
Density
(kg/m3)

Specific
Equilibrium Relative Humidity Heat
(%) (kd/kg-K)

oo ezt oo a4t mc | e
50 F 68 F 77 F 86 F 104 F 77 F
6ol 8.9 10.2 11.6 14.3 1.15
10.8 14.2 15.6 17.5 20.8 1.17
16.7 20.8 22.8 24,7 2843 1.20
2345 28.5 30.6 32.7 3644 1423
32.C 3€. & 35.¢C 41.0 4448 1.25
40.6 45.3 4744 4S.4 £2.5 1.28
46.2 5346 5546 5744 60.6 1.30
57.3 6l.4 63.1 64.7 £€7.5 i.33
64.8 684 69.9 71.3 73.7 1.36
71.5 7445 75.8 16.9 78.9 1.38
77.3 79.7 80.8 81.7 83.3 l.41
82.1 84.1 8445 85.7 €7.0 1.44
86.1 87.7 88.3 88.9 S0.0 1e46
69432 90.5 Sl.1 91.5 92.3 1.49
91.9 92.8 93.2 93.6 54.2 1.52
$3.6 944 € 94.5 95,2 95.6 1.54
$5.5 9640 9642 96.4 S€.8 1.57
G6.6 . 97.1 5742 97.4 57.6 1.59
S7.6 97.8 8.0  S8.1 S€.3 1.62
$842 98.4 9845 98.6 5847 1.€5
98.7 S8.9 $5.C 99.0 SSal 1.67
99.1 99.2 99.3 99.3 SS .4 1.70
$9.4 99.4 5645 99.5 99.6 1.73




Table 20. SOYBEAN: EQUILISRIUM RELATIVE HUMIDITY, SPECIFIC HEAT AND BULK DENSITY

AT VARIOUS MOISTURE CONTENTS

Moisture
Con-ent Equilibrium Relative Humidity
(% web.) (%)
T o zc  zc  c  sc
50 F 68 F 77 F 86 F 104 F
6 30.1 32.¢ 33.8 34.9 37.1
7 35.5 38.0 36.2 40.4 425
8 41.1 4345 4447 45.8 48;0
S 4646 4G.0 5Ce2 51.2 53.3
10 52.1 S54.4 5EeE . 5645 58+ 4
11 57.5 59,6 60.6 6l.5 63.3
12 6245 6445 654 66.2 67.8
13 67.2 69.0 69.8 70.6 72.1
14 71.6 73.2 73.6 T4.6 759
15 75.6 77.0 17.¢€ 78.3 7G4
1€ 79.2 80.4 81.C 81.5 8245
17 82.4 83.4 83.9 84.4 €82
1€ 85.2 86.1 8645 86.9 87.6
19 87.¢ 88.4 E€.7 89.1 €Se 7
20 86.E 0.4 90.7 91.0 91.5
21 91.6 92.1 G213 92.6 3.0
22 93.1 93.5 G3.1 93;9 G4 .3
23 G4e4 94. ¢ G446 95.1 95.4
24 95.5 95.8 9549 96.0 G&a3
£ S6e 4 96.6 967 96.8 7.0
26 97.1 97.3 S1.4 97.5 67.¢€
21 ST.7 97.9 97.9 98.0 G8.1
28 98.2 98.3 G8.4 98. 4 GE.5

Specific Bulk
Heat Density
(k3/kg+K) (kg/m3)
T 25¢C
77°F 17F
1.27 12C. 4
1.30 716.6
1.33 112.5
1.35 709.2
1.38 7C5.4
1.40 701.7
1.43 697.9
1.45 €S4.2
1.48 690.4
1.50 €864 7
1.53 683.0
1.56 €75.2
1.58 67545
1.€1 €71.7
1.63 66840
1.66 664.3
1.68 €€Q. &
1.71 656.8
1.73 €53. 0
1.76 649.3
1.7 €45.5
1.81 641.8
1.84 636.1
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Table 21. SUNFLOWER: EQUILIBRIUM RELATIVE HUMIDITY, SPECIFIC HEAT AND BULK
DENSITY AT VARIOUS MOISTURE CONTENTS

Moisture Specific Bulk

Content Equilibrium Relative Humidity Heat Density

(% w.b.) (%) (kJ/kg-K) (kg/m3)

TN o amc 2sc sc ac  5c  5C
50 F 68 F 77 F 86 F 104 F 77 F 77 F
¢ 31.5 35,3 3645 3845 41.3 1.37 337.7
7 41.5 45.3 46 .8 48453 51.C 1.40 335.3
8 51.8 5449 56.3 57.6 60.1  1.43 232.6
s 60.5  €£3.7  €4.5  66.1 6842 1.47 330.5
1C 6.0  Tl.4  T2.4  73.3 75.1 1.50 328.1
11 15456 77.8 78.7 79.4 8C.8 1.53 325.6
12 8l.6 83.1 83.8 844 85.5 1.56 322.2
12 86.2 87.3 87.8 88.3 89.1 1.59 320.8
14 89.7 90.6 91.0 91.3 $2.¢C 1.€3 318.4
15 $2.5  93.1 $3.4 93.7 94.1 1.66 31€.0
16 S4.6  95.0 5542 95.4  S5.8  1.€9 313.¢
17 96.1 96.4 S6.6 9647 $7.0 1.72 211.2
18 $7.2  97.5 S7.¢ $7.7 $7.9 1.75 308.8
19 8.1  98.2 98.3  98.4 $8.5 1.78 30€. 4
20 S8.7  SB.E SE.8 9E .9 $5.0 1.82 304.0
21 99.1  99.2 96.2 95.2 $S.3 1.85 301.6
22 S9.4  99.4 SS.4 99.5 99.5 1.88 299.1
23 99.6  99.6 99.6 99.6 T 1.61 25647
24 $6.7  99.7 95.8 99.8 99.8 1.94 294 .3
25 99.8  99.8 95.8 99.48 5S¢ 9 1.58 261.6
2¢ §9.5  99.9 99.9 99.9 99.9 2.01 285.5
27 99.5  99.5 $5.5S $9.9 T 2.04 287.1

28 LR L L H ook ok Aok %k L L L) 2.07 2841
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Table 22. TUVAR (PIGEON PEA) SEED: EQUILIBRIUM RELATIVE HUMIDITY, SPECIFIC HEAT
AND BULK DENSITY AT VARIOUS MOISTURE CONTENTS ‘

Moisture - Specific Bulk
Content Equilibrium Relative Humidity . Heat Density
(% w.b.) (%) (k3/kg-K) (kg/m3)
%t wmc  »c mec  ac ¢ 5C
50 F 68 F 77 F 86 F 104 F 771 F 77 F
6 16.2 17.7 1.5 19.2 2Ce 7 1.30 824 .8
7 21.4 23.1 23.9 24.8 26 .4 1.32 82C. 7
8 27.2 29.1 3C.C 30.8 32.5 134 8167
Y 3346 35.5 36.4. 37.2 35.C 1.27 £12.7
10 40.1 42.0 42.5 43.8 45.5 1.39 8C8.6
11 46.6  48.6  4S.4  50.3  51.8 1.42 804.6
12 53.2 5449 5547 5645 58.0 144 800.5
13 59.4 61.0 61.7 6244 €3.8 le47 756.5
14 65.1 6646 672 67.9 69.1 1.4S 152. 4
‘15 704  71.7 72.2 72.8 73.9 1.51 788.4
16 75.1 76.2 76.17 77.2 78.1 1.54 18443
17 7S, 2 80.2 8C.7 8l.1 . 81.9 1.56 780.3
18 83.0 83.7 84.1 844 85.1 1.5 176.2
19 86e1 86.7 E1.C 8703 87.8 1.61 17242
20 887 80,3 8G.5 89,7 5642 1.64 768.1
21 S0.5 91.4 S1.6 91.8 92.1 1.€6 16401
22 S2.8 93.1 53.3 93.4 53.7 1.68 760.0
23 9443 9446 94,7 94.8 95.1 1.71 1564 C
24 §5.5 95. 8 55.5 9549 96.1 ~  1.73 751.9
25 96.5 96.7 S6.8 96.9 57.C 1.76 7476
26 - ST.2 97.5 S7.5 97.6 97.7 1.78 743.8
21 S7.5 98.1 58.1 S8.1 6842 1.61 736.8

28 S6.4 98.5 S8.¢ 96.6 G8.1 1.83 735.7
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Table 23. WHEAf, DURUM: EQUILIBRIUM RELATIVE HUMIDITY AT VARIOUS MOISTURE

CONTENTS
g;istur;-_ T Sp;;;;ic Buli--
Content Equilibrium Relative Humidity » Heat Density
(% w.b.) (%) (k3/kg+K) (kg/m3
T 20C  C  30C we ¢ c
50 F 68 F 77°F 86 F 104 F 77°F 77F
6 30.32 33.1 34.5  35.8 38.3
7 37.8 40.7 42.1 43.4 45.8
8 45.5 48.%2 45.6 50.8 53.2
9 53.0 55.6 56.6 . 5840 €0.1
10 60.1 62.5 63.6 6446 6645
11 6646 6847 6S.7 70.6 72.2
12 72.5 74.2 75.1 75.8 17.2
13 77.5  79.0 75.7 80.4 - B8l.5
14 8l.9 83.1 83.7 8442 8542
15 €546 8646 817.C 87.5 8842
16 88.6  B89.4  89.8  S0.1  SC.7
17 51.1 91.7 92.0 92.3 92.8
18 93.1 93.6 $3.8 94.0 She4
19 S4.7 95.1 95.3 95.4 95.7
2C 96.0 S6.3 S6.4 9645 <647
21 96.9 97.2 57.3 97.4 57.5
22 S7.7 $7.6 S8.C 98.0 9842
23 9843 98.4 8.5  98.5 S6.6
24 58.8 98.8 $8.6 S8.9 99.0
25 99.1  99.2  SS.2  99.2  GS.3
2¢ 56.3 99.4 99.4 99.4 $59.5
27 99.5  99.6 $9.6  99.6 55,6
28 99.7 99.7 99.7 99.7 $9.7




vable 26. WHEAT, HARD:
goisture _____
Content
% w.b.)
10C
50 F
é 24.2
1 31.3
8 38.9
9 46.5
10 53.6
11 60.5
12 67.3
13 7340
14 78.0
15 82.3
1¢ 85.8
17 88.8
18 91.3
16 $3.2
20 94.8
21 S6.0
22 97.0
23 $7.8
24 S8.3
2% S8, 8
26 S9.1
27 99.4
28 59.5
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EQUILIBRIUM RELATIVE HUMIDITY, SPECIFIC HEAT AND BULK
DENSITY AT VARIOUS MOISTURE CONTENTS

65.3

71.2

76.3

80.8

84.6
87.7
90.3
92.4

94.1

95.5

96.6

97<4

98.1 -

G8.6
G8.9
99,2

99.4

Specific
Equilibrium Relative Humidity Heat
(%) (kJ/kq*K)
25 C 30C 40 C s
77 F 86 F 104 F 77°F
22.0 34.3 38.6 1.37
39.4 41.7 45.9 1440
46.5 49.1 £3,1 1.43
5441 5642 599 1.46
€C.9 62.8 66.1 1.49
67.2  68.9  Tl.7 1.52
12.8 14.2 6.7 1.55
7.7 78.9 €l.0 1.58
81.9 82.9 84.7 1.61
8545 8643 €77 l.€4
88.5 89.1 90.3 1.67
5G5S 91.5 S2.4 1.70
92.9 93.3 S4el 1.73
S4.5 949 95.4 1.76
95.8 96.1 S€.5 1.79
SE.E 97.0 57.3 1.82
97.6 97.7 S840 1.85
98.2 98.3 S845 1.88
S8.7 S8.7 $845 1.91
99.0 99.1 99,2 1.54
GS.3 95.3 SSe4 1.97
$9.5 99.5 $S.6 2.00
5646 99.7 99.7 2.03

99,6

Bulk
Density
(kg/m>)

1422.4
1416. 8
1417.2
141436
1412.0
14CS.4
1406.8
1404.2
1401.€
1399.0

136¢€.2

. 1393.7

1361.1
1288.5
1385.5
1383.3
1380.7
1378.1
1375.5
1372.S

1370.2
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Table 25. WHEAT, SOFT: EQUILIBRIUM RELATIVE HUMIDITY AND SPECIFIC HEAT AT
VARIOUS MOISTURE CONTENTS
MoisE;re ---------- h o Specifi;- --Bulk
Content Equilibrium Relative Humidity Heat Density
(% w.b.) (%) (k3/Kg*K) (ka/m?)
T w3 mc 4c 5¢c  BC
50 F 68 F 77 F 86 F 104 F 17 F 77 F
6 17.C 23.3 2643 29.1 34.3 leé4
7 25.8 22.6 36.1 39.0 44.2 1.68
8 35.8 43.0 46.1 48.9 53.8 1.72
S 4€.1 5269 55.¢€ 5843 62.6 1.76
10 55.5 62.1 64.6 66.8 7C. 4 1;80
11 64.65 70.1 12.2 74 .0 77.0 1.85
12 72.€ 7665 78.€ 80.0 82.4 1.89
13 79.C 82.5 83.8 84.9 86.8 1.63
14 84.2 86.S €7.5 88.8 6C.2 1.97
15 - 88.3 90.3 Sl.1 91.7 92.8 2.01
16 Gl.5 92.9 63.5 94.0 94.8 2.05
17 93.8 94.9 95.3 S5.7 G6.2 2.C9
18 5.6 96. 4 G617 96.9 67.3 2.13
19 $6e¢5 STa4 97.17 97.8 c8.1 2.117
20 S7.6 98.2 98.4 98.5 8.7 2.21
21 G8.5 98.8 GEeS 99,0 - SS.l 2.25
22 SG.C 99.2 99.2 99.3 SSe4 2425
23 6G.3 99. 4 GGe5 G9.5 G9.6 2.33
24 99.5 99.6 S9.7 99.7 SG.T 2437
25 99.7 99.17 6%, 8 99.8 99.8 2.41
26 99.8 99.8 99.8 99.9 S9.9 2.45
27 69.6 99.9 95.5 99.9 99 .9 2.49
28 99.9 99.9 . S9.S 99.9 A& 2454
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Table A. METHODS FOR DETERMINING MOISTURE CONTENT (M.C.) OF WHOLE SEEDS AND CHEMICAL COMPOSITION OF GRAINS,
LEGUMES AND OILSEEDS USED

Crop M.C. Determination Chemical Composition (% d.b.)

°C ______ Hrs Protein Ash Fat Fiber NFEd
Barley 130 208 14.9 2.6 1.9 5.0 75.6
Chickpea {garbanzo) 103 72b 27.0 3.1 3.3 11.8 54.8
Cottonseed 103 72 22.7 4.6 23.6 16.6 32.5
Dent corn (maize) 103 72a,b 1.1 1.6 5.2 3.3 78.9
Flaxseed 103 4a 28.5 3.8 33.7 9.2 24.8
Flint corn (maize) 103 723,b 12.2 1.4 4.5 3.3 78.5
Lentil 103 72b 27.7 2.8 0.4 4.4 64.6
Mung bean (green gram) 163 72b 27.4 3.7 0.8 5.0 63.1
Mustard seed 130 4a 21.8 5.5 39.2 8.3 25.1
Oats 130 228 14.6 3.3 4.2 1.3 66.5
Peanut (groundnut) 103 72¢ 32.0 2.3 49.2 2.6 13.8
Pigeonpea (tuvar) 130 72b 22.6 4.1 1.5 7.8 64.0
Proso millet 130 4 12.5 3.0 4,2 7.9 72.4
Rapeseed 130 4a 17.3 3.9 46.3 8.6 23.9
Rough rice, long grain 130 22¢ 7.4 5.8 2.5 10.8 73.5
Rough rice, medium grain 130 22¢ 7.5 5.0 2.1 9.7 75.7
Rye 130 168 13.3 1.9 1.7 2.8 80.3
Sesame seed (til) 103 72 23.6 5.4 51.7 6.6 12.7
Sorghum 103 72 12.5 1.7 4.1 2.2 79.4
Soybean 103 72b 39.8 5.3 16.4 7.0 31.5
Sunflower seed 130 3b 17.1 2.8 33.7 28.5 17.9

apmerican Society of Agricultural Engineers. 1980-81. Agricultural Engineers Yearbook, p. 352. Publ. by
the Society, 2950 Niles Road, St. Joseph, Michigan 49085.

bysDA. 1971. Oven methods for determining moisture content of grain and related agricultural commodities.
U.S. Dep. Agr. Consumer and Marketing Service, Grain Division, Hyattsville, Maryland 20782.

CKososki, A. R. 1977. Two methods of comparing equilibrium moisture of grains. M.S. thesis, Kansas State
University, Manhattan 66506. :

dNFE = nitrogen-free extract.



Table B. EQUILIBRIUM RELATIVE HUMIDITY CONSTANTS FOR CHUNG-PFOST EQUATION

ERH = EXP [ -A/R (T + C) * EXP (-B * Mp)l

Crop A B C Standard Error

Barley 745.49 16.18 46.64 0.0467
Chickpea 956.09 15.08 104.61 0.0504
Cottonseed 904.80 18.35 88.77 0.0470
Dent corn 1787.30 18.80 114.57 0.0314
Flaxseed 1439.40 22.67 140.50 0.0516
Flint corn 1945.80 20.21 109.75 0.0253
Lentil 1358.39 14.26 139.00 0.0475
Mung bean 101419.00 40.82 1147.50 0.1070
Mustard seed 1039.60 25.43 76.77 0.0563
Oats 1275.89 18.54 65.84 0.0268
Peanut, shelled 779.60 30.59 72.42 0.0548
Pigeonpea 1755.50 14.63 180.50 0.0511
Proso millet 1717.13 21.60 59.60 0.0235
Rapeseed 1379.40 28.23 116.14 0.0633
Rough rice, long grain 1359.10 19.93 61.72 0.0199
Rough rice, medium grain 1997.80 - 21.34 71.64 0.0215
Rye 2555.30 17.37 150.50 0.0546
Sesame seed 1419.90 - 37.30 115.70 0.0494
Sorghum 1299.50 18.70 61.93 0.0255
Soybean 773.63 12.93 132.12 0.0587
Sunflower seed 1065.60 23.81 92.74 0.0340
Wheat, durum2 921.65 18.08 112.35 -

Wheat, harda@ 529.43 17.61 51.00 -

Wheat, soft@ 726.49 23.61 35.66 -

8Data from American Society of Agricultural Engineers. 1980-81. Agricultural Engineers Yearbook,
p. 328. Publ. by the Society, 2950 Niles Road, St. Joseph, Michigan 49085.
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Table C. REGRESSION ANALYSIS OF THE RELATIONSHIP OF SPECIFIC HEAT AND MOISTURE CONTENT

Specific Heat? (Btu/1b-OF) = A + B * Moisture Content (% w.b.)

Crop A B R¢
Barley 0.2098 0.0083 . 0.755
Chickpea 0.2389 0.0080 0.804
Cottonseed : 0.2483 0.0067 0.865
Dent corn 0.1856 0.0012 : 0.777
Mung bean’ 0.2467 _ 0.0059 0.964
Mustard seed 0.3078 0.0069 , 0.831
Oats ; 0.0338 . 0.0300 0.980
Peanut, shelled ' 0.2622 0.0107 0.983 -
Pigeonpea ' 0.2746 : 0.0058 0.774
Proso millet 0.2213 . 0.0073 . 0.776
Rapeseed , 0.2973 , 0.0079 , 0.873
Rough rice, medium grain 0.2714 . 0.0042 0.817
Rye A 0.2468 0.0097 . 0.938
Sorghum : 0.2360 : 0.0063 0.967
Soybean 0.2678 ' 0.0061 : 0.940
Sunflower seed v 0.2819 , 0.0076 ' 0.990
Wheat, hardP » 0.2830 . 0.0072 -
Wheat, softC 0.3340 0.0098 ' -

8Multiply by 4.1868 to obtain kJ/kg-K (kJ = kilojoule, kg = kilogram, K = degrees Kelvin).
bpata from Pfalzner, P. M. 1951. The specific heat of wheat. .Can. J. Tech. 29:261.

CData from Kazarian, E. A. and C. W. Hall. 1965. Thermal properties of grain. Trans. Amer. Soc.
Agr. Eng. B8:33.

—g{—



Table D. REGRESSION ANALYSIS OF THE RELATIONSHIP? OF TEST WEIGHT AND MOISTURE CONTENT

Test Weight2® (1b/bu) = A + B * Moisture Content (% w.b.)

Crop A B R4
Barley 51.83 -0.354 0.956
Chickpea _ 62.90 . ~-0.372 0.820
Cottonseed 52.13 -0.616 0.964
Dent corn 63.84 -0.509 0.988
Flint corn , 64.56 - -0.512 0-963
Great northern bean 63.60 -0.552 0.978
Kidney bean 61.84 -0.419 0.914
Lentil 65.09 -0.660 _ 0.936
Lima bean 57.99 -0.244 0.941
Mung bean 72.94 _ : -0.862 0.954
Mustard seed 54.50 -0.246 0.990
Dats 43.45 -0.375 0.946
Peanut, shelled 5n.0% . -0.160 ' ‘ 0.807
Pigeonpea ' 66.26 -0.316 0.903
Pinto bean 63.28 -0.477 : 0.953
Proso millst _ 57.19 . _ -0.236 0.984
Kapeseed : 53.17 - : -0.242 ‘ . , 0.960
Rough rice, medium grain 44,26 ' +0.322 0.988
Rye ' 64.64 ' -0.789 0.948
Soerghum 63.34 -0.322 : 0.947
Soybean 57.97 -0.292 0.978
Sunflower seed ' 27.48 -0.188 _ 0.916
Wheat, hardP 112.63 © -D.204 -

aMultiply by 12.8148 to obtain kg/m>.

Data from Chung, D. S. and H. H. Converse. 1971. Effect of moisture content on some physical
properties of grains. Trans. Amer. Soc. Agr. Eng. 10:612.
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Table E. COMPUTER PROGRAM USED FOR GENERATION GF TABLES

oocl INTEGER GR(3)

cocz DIMENSICA ERH(S5),KT(5]) .

0003 9 FORMATE® *92Xe3AG4, 1Xs 1271 X¢F942+1XsF5.2:10X¢F7.2412(1XsF6.410,
12X+ F6.242X+F6.4)

00C4 10 FGRMAT(*G',22X¢3A4.:7/)

00G5 Ll FCRMAT(3A4,1X,1201XsF9.0,1XsF5.0,1X4F7.0,4(1X,Fe.Q))

00cCs 12 FCRMAT(*]1")

00G7 8 REACIS5,114END=100) GRcM,A,B+C,SA,SBTA,TE

000¢ WRITE(6412)

0009 WRITE(6+S ) GRoMeAgBsCrSA+SBTA,TB

oo1c WRITEL(6,10) GR

00il 13 FCRHAT(® *,70(*'~"))

0012 14 FCRMAT{' *,1X,'MOISTURE' 17X, "E.R.H.? ,21X," SP.HEAT® 42X, 'DENSITY")

0012 18 FCRMATI? * 02X " (IWBI?,19X,°02)* 921X *{KJI/KG=K)®¢3Xe ' (KG/M)")

0014 16 FORMAT(® *411Xs"10 C*14Xs%20 C*y4Xs%25 C®+4X,°30 C*44X,°40 C*y -
17Xs%25 C*,5%,°25 C*) !

0015 19 FCRMATC(® 411X 450 F? ¢4X %68 F e4Xy*TT F':4X+'86 F'o4X,'104 F*y
16X *T7 F*y5Xe°77 F?)

001¢ 26 FCPAAT (%00 13X e12+2X 504X sFb.1116XeF5.2,4XeF6.1)

0017 WRITE{6+13)

oo0l¢g WRITE{6,14)

0015 WRITE(6418)

0020 WRITE(&,13])

0oc1l WRITE(E (16)

0022 WRITE(6,19)

G023 WRITE(6,13)

00z4 KT(1}=10

GOz°< KT(2)=20

go2é KT(2}a2S

0g27 KT(4)=30

002¢€ KT(S)=4(

0023 00 50 N=1,23

0020 F=M+]

00:z1 WM= (N7 (1CC.=M)}

0032 0C 51 K=1,5

0032 ERH(K)=EXP(=A/(1.987 ®(KT(K)+C})SEXP(-B*WHM))*100

0024 €1 CCNTINUE

002¢ HEAT=4 .1B682(SA+5B8%M)

GC26 DEN=12.2148%(TA-TB*M)

0037 WRITE(6424) M, (ERH{I),I=1,5) HEAT,DEN

003¢ €0 CCNTINUE )

002s WRITE(6+13)

004cC GC 1C 8

0041 100 CCNTINUE

0042 WRITE(6,12})

0047 STCGP

0044 END

Data cards follow according to format 11.
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