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1 MMT: Miles de Millones de toneladas 
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2 PHAST: Post-Harvest Aeration Simulation Tool, desarrollado por la Universidad de Purdue 
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3 Contracción del grano y con ello la pérdida de nutrientes, poder germinativo o vigor. 
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Fig. 1  Vista frontal y superior de la celda de secado (Fuente: Proporcionada por la empresa) 
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Tabla 1 Datos nominales del aereador 

 

 

 
4 Gas Natural Comprimido 
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Gráfico 1  Consumo total de GNC vs Producción mensual de maíz de la planta (Fuente: Elaboración propia con datos 
proporcionados por la empresa) 
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8 Se define como la reducción en peso y/o en volumen en los granos (Caro, 1998). 
9 Cambios en características físicas y químicas de los granos, producidas por animales y hongos, 
contaminación por productos químicos y por condiciones inadecuadas de temperatura y humedad (Caro, 
1998). 
10 Reducción en el precio del producto a consecuencia de las pérdidas de calidad(Caro, 1998). 
11 Cambios en la estructura física y química de los granos almacenados que alteran su valor nutritivo (Caro, 
1998). 
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𝐻𝑓 − 𝐻𝑜 =
(𝑀𝑜 − 𝑀𝑓)𝑟
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𝑘 = exp [𝐴 + (𝐶𝑇𝑎𝑏𝑠 + 𝐷)𝑀𝑜 +
𝐵

𝑇𝑎𝑏𝑠
] 

𝑛 = 0.99 ; 𝐴 =  −28.66; 𝐵 = 7947; 𝐶 = 0.2744; 𝐷 =  −86 

𝑀
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𝑀𝑒 = 𝐴 [
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]

𝐵

 

 
𝐴 = 5.69 ;  𝐵 = 0.55 
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𝑃𝑣 =
101325𝐻

0.6219 + 𝐻
 ;  𝑃𝑠 = 𝐾 × exp (

𝐴 + 𝐵𝑇 + 𝐶𝑇2 + 𝐷𝑇3 + 𝐸𝑇4

𝐹𝑇 − 𝐺𝑇2 ) 

 
𝐴 = −27405.526  ;  𝐵 = 97.5413  ;   𝐶 = −0.146244  ;  𝐷 = 0.12558 × 10−3   

 
𝐸 = −0.48502 × 10−7  ;   𝐹 = 4.34903  ;   𝐺 = 0.39381 × 10−2  ;   𝐾 = 22105649.25 

 
Donde: 
𝐻𝑅
𝑃𝑣

𝑃𝑠

𝐻:
𝑇
𝐴, 𝐵, 𝐶, 𝐷, 𝐸, 𝐹, 𝐺, 𝐾: 

 

 

𝐶𝑎𝑇𝑜 + 𝐻𝑜(ℎ𝑣 + 𝐶𝑣𝑇𝑜) + 𝐶𝑔𝐺𝑜𝑟 + 𝐶𝑤𝐺𝑜(𝐻𝑓 − 𝐻𝑜) = 𝐶𝑎𝑇𝑓 + 𝐻𝑓(ℎ𝑣 + 𝐶𝑣𝑇𝑓) + 𝐶𝑔𝑇𝑓𝑟 
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𝑄 = 𝑚𝑔𝐶𝑔∆𝑇 
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Tabla 4 Resultados de la simulación (Balance de masa) 
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Gráfico 13 Demanda térmica durante la cuarta etapa  
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Gráfico 14 Comparativa de la demanda térmica demandada real-teórica 
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Tiempo Mo prom Mf prom Q [kJ]

1 26.67% 26.07% 826636.58

2 26.07% 25.48% 130435.15

3 25.48% 24.91% 14863.79

4 24.91% 24.37% 1366.80

5 24.37% 23.84% 133.23

6 23.84% 23.33% 38.09

7 23.33% 22.85% 30.69

8 22.85% 22.38% 29.18

9 22.38% 21.93% 28.06

10 21.93% 21.49% 27.00

11 21.49% 21.07% 25.98

12 21.07% 20.67% 24.99

13 20.67% 20.29% 24.05

14 20.29% 19.91% 23.14

15 19.91% 19.56% 22.26

16 19.56% 19.16% 593017.16

17 19.16% 18.77% 83956.69

18 18.77% 18.39% 16531.77

19 18.39% 18.03% 3062.93

20 18.03% 17.68% 718.99

21 17.68% 17.34% 319.89

22 17.34% 17.02% 245.75

23 17.02% 16.71% 225.82

24 16.71% 16.41% 215.33

25 16.41% 16.12% 206.83

26 16.12% 15.84% 198.94

27 15.84% 15.57% 191.41

28 15.57% 15.32% 184.17

29 15.32% 15.07% 177.20

30 15.07% 14.83% 170.50

31 14.83% 14.61% 164.06

32 14.61% 14.39% 157.85

33 14.39% 14.17% 151.88

34 14.17% 13.97% 146.14

35 13.97% 13.77% 140.62

36 13.77% 13.59% 135.30

37 13.59% 13.40% 130.18

38 13.40% 13.23% 125.26

39 13.23% 13.06% 120.53

40 13.06% 12.90% 115.97

41 12.90% 12.74% 111.58

42 12.74% 12.59% 107.37

43 12.59% 12.45% 103.31

44 12.45% 12.31% 99.40

45 12.31% 12.18% 95.64

46 12.18% 12.05% 92.03

47 12.05% 11.93% 88.55

48 11.93% 11.81% 85.20

49 11.81% 11.69% 81.98

50 11.69% 11.58% 78.88

51 11.58% 11.48% 75.89

52 11.48% 11.38% 73.03

53 11.38% 11.28% 70.26

54 11.28% 11.19% 67.61

55 11.19% 11.09% 65.05

56 11.09% 11.01% 62.59

57 11.01% 10.92% 60.22

58 10.92% 10.84% 57.95

59 10.84% 10.76% 55.76

60 10.76% 10.69% 53.65

61 10.69% 10.62% 51.62

62 10.62% 10.55% 49.67

63 10.55% 10.48% 47.79

64 10.48% 10.42% 45.98

65 10.42% 10.36% 44.24

66 10.36% 10.30% 42.57

67 10.30% 10.24% 40.96

68 10.24% 10.19% 39.41

69 10.19% 10.13% 37.92

70 10.13% 10.08% 36.49

71 10.08% 10.03% 35.11

72 10.03% 9.99% 33.78

73 9.99% 9.94% 32.51

74 9.94% 9.90% 31.28

75 9.90% 9.85% 30.09

76 9.85% 9.81% 28.96

77 9.81% 9.78% 27.86

78 9.78% 9.74% 26.81

79 9.74% 9.70% 25.79

80 9.70% 9.67% 24.82

Marzo
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Tiempo Mo promedio Mf promedio Qg [kJ]

1 24.50% 23.97% 951395.76

2 23.97% 23.45% 150581.23

3 23.45% 22.95% 17105.75

4 22.95% 22.47% 1568.75

5 22.47% 22.00% 149.61

6 22.00% 21.56% 40.28

7 21.56% 21.13% 31.86

8 21.13% 20.72% 30.21

9 20.72% 20.33% 29.01

10 20.33% 19.95% 27.88

11 19.95% 19.58% 26.79

12 19.58% 19.23% 25.75

13 19.23% 18.89% 24.75

14 18.89% 18.57% 23.78

15 18.57% 18.20% 711574.09

16 18.20% 17.84% 103789.72

17 17.84% 17.49% 20118.43

18 17.49% 17.15% 3747.07

19 17.15% 16.83% 870.52

20 16.83% 16.52% 376.68

21 16.52% 16.22% 285.36

22 16.22% 15.93% 261.08

23 15.93% 15.66% 248.48

24 15.66% 15.39% 238.35

25 15.39% 15.14% 228.97

26 15.14% 14.90% 220.03

27 14.90% 14.66% 211.45

28 14.66% 14.44% 203.20

29 14.44% 14.22% 195.28

30 14.22% 14.01% 187.67

31 14.01% 13.81% 180.35

32 13.81% 13.62% 173.32

33 13.62% 13.43% 166.56

34 13.43% 13.25% 160.07

35 13.25% 13.08% 153.83

36 13.08% 12.92% 147.83

37 12.92% 12.76% 142.07

38 12.76% 12.61% 136.53

39 12.61% 12.46% 131.20

40 12.46% 12.32% 126.09

41 12.32% 12.19% 121.17

42 12.19% 12.06% 116.45

43 12.06% 11.94% 111.91

44 11.94% 11.82% 107.54

45 11.82% 11.70% 103.35

46 11.70% 11.59% 99.32

47 11.59% 11.49% 95.45

48 11.49% 11.38% 91.73

49 11.38% 11.29% 88.15

50 11.29% 11.19% 84.71

51 11.19% 11.10% 81.41

52 11.10% 11.01% 78.24

53 11.01% 10.93% 75.19

54 10.93% 10.85% 72.26

55 10.85% 10.77% 69.44

56 10.77% 10.70% 66.73

57 10.70% 10.63% 64.13

58 10.63% 10.56% 61.63

59 10.56% 10.49% 59.23

60 10.49% 10.43% 56.92

61 10.43% 10.37% 54.70

62 10.37% 10.31% 52.56

63 10.31% 10.26% 50.52

64 10.26% 10.20% 48.55

65 10.20% 10.15% 46.65

66 10.15% 10.10% 44.83

67 10.10% 10.05% 43.09

68 10.05% 10.01% 41.41

69 10.01% 9.96% 39.79

Abril
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Tiempo Mo promedio Mf promedio Qg [kJ]

1 16.60% 16.44% 487164.84

2 16.44% 16.26% 76848.71

3 16.26% 16.10% 8692.32

4 16.10% 15.94% 784.93

5 15.94% 15.79% 65.34

6 15.79% 15.64% 10.42

7 15.64% 15.50% 6.53

8 15.50% 15.37% 6.04

9 15.37% 15.24% 5.77

10 15.24% 15.12% 5.52

11 15.12% 15.00% 5.28

12 15.00% 14.89% 5.05

13 14.89% 14.78% 4.83

14 14.78% 14.68% 4.62

15 14.68% 14.58% 4.42

16 14.58% 14.49% 4.22

17 14.49% 14.40% 4.04

18 14.40% 14.24% 391658.72

19 14.24% 14.07% 56924.02

20 14.07% 13.91% 10976.13

21 13.91% 13.76% 1995.51

22 13.76% 13.61% 404.70

23 13.61% 13.47% 124.34

24 13.47% 13.34% 76.06

25 13.34% 13.21% 65.32

26 13.21% 13.09% 61.18

27 13.09% 12.97% 58.27

28 12.97% 12.86% 55.69

29 12.86% 12.75% 53.25

30 12.75% 12.65% 50.93

31 12.65% 12.55% 48.71

32 12.55% 12.46% 46.59

33 12.46% 12.37% 44.55

34 12.37% 12.29% 42.61

35 12.29% 12.20% 40.76

36 12.20% 12.13% 38.98

37 12.13% 12.05% 37.28

38 12.05% 11.98% 35.65

39 11.98% 11.91% 34.10

40 11.91% 11.85% 32.61

41 11.85% 11.78% 31.19

42 11.78% 11.72% 29.83

43 11.72% 11.67% 28.53

44 11.67% 11.61% 27.29

45 11.61% 11.56% 26.10

46 11.56% 11.51% 24.96

47 11.51% 11.46% 23.87

48 11.46% 11.42% 22.83

49 11.42% 11.37% 21.84

50 11.37% 11.33% 20.88

51 11.33% 11.29% 19.97

Mayo
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