PIQUE FERRE. MARIA TERESA
Tecnologia d'Alim.
18/10/93

UNIVERSITAT DE LLEIDA

ESCOLA TECNICA SUPERIOR D'ENGINYERIA AGRARIA DE LLEIDA

TESI DOCTORAL

TECNOLOGIA POSTCOLLITA DE L'AVELLANA.

ASSECATGE I FRIGOCONSERVACIO DE L'AVELLANA
(Corylus avellana 1..)

Maria Teresa Piqué Ferré
Juny 1995



REFERENCIES BIBLIOGRAFIQUES

Mayer, A.M. i Harel, E., 1979. Polyphenoloxidases in plants. Phytochemistry, 18: 193-215.

Mazza, G., Jayas, D.S. i White, N.D.G., 1990. Moisture sorption isotherms of flax seed.
Transactions of the ASAE, 33(4): 1313-1318.

Mazza, G. i Jayas, D.S., 1991. Equilibrium moisture characteristics of sunflower seeds,
hulls, and kernels. Transactions of the ASAE, 34(2): 534-538.

McCabe, W.L., Smith, J.C. i Harriott, P., 1991. Operacions Unitarias en Ingenieria
Quimica. McGraw Hill, Inc.

McEwen, E. i O'Callaghan, J.R., 1954, Through drying of deep beds of wheat grain. 7he
Engineer, 10: 817-819.

Me, G. i Radicati, L., 1993. Novita e ricerche nel mondo sul nocciolo. Rivista di
Frutticoltura, 55(12): 27-29.

Mehlenbacher, S.A. i Miller A.N., 1989. 'Barcelona' Hazelnut. Fruit Varieties Journal,
43(3): 90-95.

Menon, A.S. i Mujumdar, A.S., 1987. Drying of solids: principles, classification and
selection of dryers. A Handbook of Industrial Drying, A.S. Mujumdar (ed.), Marcel Dekker,
Inc., New York, pp. 3-46.

Molina, T., 1973. El avellano, en peligro. Agricultura, 492: 188-191.

Molnir, K., 1987. Experimental techniques in drying. A Handbook of Industrial Drying,
A.S. Mujumdar (ed.), Marcel Dekker, Inc., New York, pp. 47-82.

Moreira, R.G., Castell-Pérez, M.E. i Bakker-Arkema, F.W., 1988. Desecacion de
almendras a altas temperaturas. Revista de Agroquimica y Tecnologia de Alimentos, 28(4):
509-518.

Muhidong, J., Chen, L.H. i Smith, D.B., 1992, Thin-layer drying of kenaf. Transactions of
the ASAE, 35(6): 1941-1944,

Mulet, A., Rossello, C., Piiiaga, F., Carbonell, J.V. i Berna, A., 1983. Mecanismo y
cinética del secado de zanahorias con aire caliente. Revista de Agroquimica y Tecnologia de
Alimentos, 23(3): 369-377.

Multon, J.L. i Bizot, H., 1980. Water adsorption in cereal foods and water activity
measurement. A Cereals for Food and Beverages, G.E. Inglett i L. Munck (ed.), Academic
Press., New York, pp. 97-119.

Murua, J.R. i Albisu L.M., 1992. La almendra espafiola. Un futuro incierto.
Hortofruticultura 12; 29-34.

284



REFERENCIES BIBLIOGRAFIQUES

Nadeau, J.P. i Puiggali, J.R., 1989. De l'analyse d'un produit a la conception d'un séchoir.
Entropie, 149: 41-47.

Nellist, M.E., 1974. The drying of ryegrass seeds in deep layers. Ph. D. Thesis. University
of Newcastle upon Tyne.

Ninot, A., 1985. Estudi de la conservacio de disset varietats d'avellana, sotmeses a
diferents condicions ambientals, per mitja del control analitic de la fraccié oliosa. Treball fi
de carrera de EU.E.T.A. de Lleida.

Nishiyama, Y., 1982. Deep layered grain drying simulation by the sphere drying model.
Journal of the Faculty of Agriculture, wate University, 16(1): 49-59.

Noomhorm, A. i Verma L.R., 1986. Deep-bed rice drying simulation using two generalized
single-layer models. Transactions of the ASAE, 29(5): 1456-1461.

O'Callaghan, J.R., Menzies, D.J. i Bailey, P.H., 1971. Digital simulation of agricultural
drier performance. Journal of Agricultural Engineering Research, 16 223-244.

Okos, M.R., Narsimhan, G., Singh, R.K. i Weitnauer, A.C., 1992. Food dehydration. A
Handbook of Food Engineering. D.R. Heldman i D.B. Lund (ed.), Marcel Dekker Inc., New
York, pp. 437-562.

Ory, R.L., St. Angelo, A.J., Gwo, Y.Y., Flick, G.J. i Mod R.R., 1984. Oxidation-induced
changes in foods. A Chemical Changes in Food during Processing. T. Richardson i JW.
Finley (ed.), Avi Publishing Company Inc., Westport, pp. 205-217.

Osborn, G.S., White, G.M. i Walton, L.R., 1991. Thin-layer moisture adsorption equation
for soybeans. Transactions of the ASAE, 34(1): 201-206.

Oswin, G.R., 1946. The kinetics of package life. International Chem. Ind., 65: 419-421.

Page, G., 1949. Factors influencing the maximum rates of air drying shelled corn in thin
layers. M.S. Thesis, Purdue University, West Lafayette, IN.

Palipane, K.B. i Driscoll, R.H., 1992. Moisture sorption characteristics of in-shell
macadamia nuts. Journal of Food Engineering, 18(1): 63-76.

Palmia, F., 1988. L'attivita dell'acqua dei prodotti alimentari: proprietd e metodi di
determinazione. Industria Conserve, 63: 50-56.

Pappas, G. i Rao, V.N.M., 1987. Sorption isotherms of cowpeas from 25°C to 70°C.
Transactions of the ASAE, 30(5): 1478-1483.

285



REFERENCIES BIBLIOGRAFIQUES

Parcerisa, J., Boatella, R., Codony, R., Farran, A., Garcia, J., Lopez, A., Rafecas, M.,
Romero, A., 1993. Influence of variety and geographical origin on the lipid fraction of
hazelnuts (Corylus avellana 1..) from Spain: 1. Fatty acid composition. Food Chemistry, 48:
411-414.

Parti, M. i Dugmanics, L, 1990. Diffusion coefficient for corn drying. Transactions of the
ASAE, 33(5): 1652-1656.

Peleg, M., 1988, An empirical model for description of moisture sorption curves. Journal of
Food Science, 53: 1216-1219.

Pellicer, T., Gimeno, V. i Vidal, D., 1989. Water activity of dried apricots. A Anales del II
Congreso Mundial de Tecnologia de Alimentos. Barcelona 1987. Avances en Tecnologia de
Alimentos, Vol I: 291-302.

Pezzini, C., 1989. El mercado de la avellana. Frut, 4(5): 262-265.

Pfost, H.B., Mourer, S.G., Chung, D.S. i Milliken, G.A., 1976. Summarizing and
reporting equilibrium moisture data for grains. A.S.AE. Paper No. 76-3520. St Joseph,
MI:ASAE.

Picén, E., 1990. La CEE promociona a los productores de frutos secos. Abrego, 69: 67-71.

Pifiaga, F., Carbonell, J.V. i Peiia, J.L., 1982. Deshidratacion de alimentos por energia
solar. II. Simulacion experimental del secado de arroz en cascara. Revista de Agroquimica y
Tecnologia de Alimentos, 22(3): 395-402.

Pokorny, J., Meshehdani, T., Panek, J., Davidek, J., Tama, J. i Sramkova, D., 1990.
Influence of conditions of hazelnuts roasting on the quality of the roasted product. Listy
Cukrovarnické, 106: 258-262.

Ponchia, G. i Ferroli, S., 1988. Osservazioni su caratteristiche fenologiche e produttive di
alcuni semenzali di nocciuolo. Rivista di Frutticoltura, 50(4): 75-80.

Porter, N.A., 1984. Mechanism of fatty acid and phospholipid autoxidation. A Chemical
Changes in Food during Processing. T. Richardson i JW. Finley (ed.), Avi Publishing
Company Inc., Westport, pp. 73-78.

Primo, E., 1979. Quimica Agricola IIl. Alimentos. Editorial Alhambra. Madrid.
Puig, A., Sarrano, C.T., Lluch, M.A., Vidal, D., Giner, J., Tarrazo, J. i Aranda, V.,
1989. Modelling water uptake during chickpeas and lentils soaking. A Anales del II

Congreso Mundial de Tecnologia de Alimentos. Barcelona 1987. Avances en Tecnologia de
Alimentos, Vol I: 145-158.

286



REFERENCIES BIBLIOGRAFIQUES

Puiggali, J.R., Batsale, J.C. i Nadeau, J.P., 1987. The development and use of an equation
to describe the kinetics of air drying of hazelnuts. Lebensm. Wiss. u Technol., 20(4). 174-
179.

Pujol, A., 1982. Avellana. EI Campo, 87. 7-10.

Rao, D.G., Sridhar, B.S. i Nanjundaiah, G., 1992, Drying of toria (Brassica campistris var.
foria) seeds: Part 1- Diffusivity characteristics. Journal of Food Engineering, 17(1): 49-58.

Reid, D.S., 1992. Water relations of foods, a key to product stability. A Advances in Food
Engineering. R.P. Singh i M.A. Wirakartakusumah (ed.), CRC Press, Inc., Boca Raton,
Florida. pp. 3-12.

Richardson, T., 1984. Controlling acyl transfer reactions of hydrolases to alter food
constituents. A Chemical Changes in Food during Processing. T. Richardson i JW. Finley
(ed.), Avi Publishing Company Inc., Westport, pp. 219-254.

Ridge, I. i Osborne, D., 1970. Regulation of peroxidase activity by ethylene in Pisum
Sativum: requeriments for protein and RNA synthesis. J. Exp. Bot., 21: 720-734.

Rivella, F., 1984. Qualita delle nocciole per lutilizzazione industriale. Rivista di
Frutticoltura, 46(11): 26-31.

Rizvi, S.S.H., 1986. Thermodynamic properties of foods in dehydration. A Engineering
Properties of Foods. M.A. Rao i S.S.H. Rizvi (ed.), Marcel Dekker Inc., New York, pp.
133-214.

Rizvi, S.S.H., Singh R.K., Hotchkiss, J.H., Heldman, D.R. i Leung, H.K., 1993.
Necesidades de investigacion en ingenieria, transformacion y envasado de los alimentos.
Alimentaria, 248: 43-52.

Rodriguez, J., Pérez, R.I. i Gallardo, J.M., 1990. Tratamiento térmico de alimentos:
simulacion, optimizacion y control mediante ordenador. Alimentacion, Equipos y
Tecnologia, 9(7): 147-154.

Romeu, E. i Lopez, A., 1984. Frutos secos. £/ Campo, 95: 90-92.

Ressello, C., Caiiellas, J., Simal, S. i Berna, A., 1992. Simple mathematical model to
predict the drying rates of potatoes. Journal of Agricultural and Food Chemistry, 40(12):
2374-2378.

Rossello, C.; Mulet, A., Simal, S., Torres, A. i Caiiellas, J., 1994. Quality of dried
apricots: effect of storage temperature, light and SO, content. Journal of the Science of

Food and Agriculture, 65(1): 121-124.

Rovira, M., 1988. Ficha varietal: Avellano. 'Pauetet'. Fruticultura Profesional, 17: 17.

287



REFERENCIES BIBLIOGRAFIQUES

Salvador, G. i Serra, L., 1993. Grupos de alimentos. A Nutricion y Dietética. Aspectos
Sanitarios, Tomo 1. Consejo General de Colegios Oficiales de Farmacéuticos (ed.),
GRAFICAS GISPERT, S.A., La Bisbal - Girona, pp. 288-323.

Samaniego-Esguerra, C.M., Boag, LF. i Robertson, G.L., 1991. Comparison of
regression methods for fitting the GAB model to the moisture isotherms of some dried fruit
and vegetables. Journal of Food Engineering, 13(2). 115-133,

Saravacos, G.A., 1986. Mass transfer properties of foods. A Engineering Properties of
Foods. M.A. Rao i S.S.H. Rizvi (ed.), Marcel Dekker Inc., New York, pp. 89-132.

Scott, W.J., 1957, Water relations of food spoilage microorganisms. Advances in Food
Research, 7: 83-127.

Serrano, R., 1978. Enzimologia General y Aplicada. Ed. Universidad Politécnica de
Madrid.

Sharp, J.R., 1982, A review of low temperature drying simulation models. Journal of
Agricultural Engineering Research, 27 169-191.

Singh, B.P.N., 1989. Model for absorption liquid water by grains. Transactions of the
ASAE, 32(6): 2067-2072.

Smirnov, M.S., Lysenko, V.L i Yegorova, S.V., 1993. Research on cyclic grain drying.
Journal of Food Engineering, 18(2): 201-210.

Smith, S.E., 1947. Sorption of water vapor by proteins and high polymers. J. Am. Chem.
Soc., 69: 646-651.

Sokhansanj, S. i Jayas, D.S., 1987. Drying of Foodstuffs. A Handbook of Industrial
Drying. A.S. Mujumdar (ed.), Marcel Dekker, Inc. New York, pp. 517-554.

Sopade, P.A. i Obekpa, J.A., 1990. Modelling water absorption in soybean, cowpea and
peanuts at three temperatures using Peleg's equation. Journal of Food Science, 55(4). 1084-
1087.

Sopade, P.A., Ajisegiri, E.S. i Badau, M.H., 1992. The use of Peleg's equation to model
water absorption in some cereal grains during soaking. Journal of Food Engineering, 15(4):
269-283.

Sowbhagya, C.M., Ramesh, B.S. i Ali, S.Z., 1994. Hydration, swelling and solubility
behaviour of rice in relation to other physicochemical properties. Journal of the Science of

Food and Agriculture, 64(1): 1-7.

SUCRO, S.A., 1990. Anuario Hortofruticola Espariol 1990. SUCRO, S.A. Empresa
Editora, Valencia.

288



REFERENCIES BIBLIOGRAFIQUES

Tasias, J., 1976. El avellano en la provincia de Tarragona. Agricultura, 533: 721-724.

Tasias, J., 1984. Produccion y mercado de frutos secos en Europa Occidental: La posicion
espafiola. Revista de Estudios Agro-Sociales, 129: 37-50.

Techasena, O., Lebert, A. i Bimbenet, J.J., 1992. Simulation of deep bed drying of
carrots. Journal of Food Engineering, 16(4): 267-281.

Thai, C.N. i Shewfelt, R.L., 1990. Peach quality changes at different constant storage
temperatures: empirical models. Transactions of the ASAE, 33(1): 227-233.

Thompson, T.L., Peart, R M. i Foster, G.H., 1968. Mathematical simulation of corn
drying. A new model. Transactions of the ASAE, 24(3): 582-586.

Timmermann, E.O. i Chirife, J., 1991. The physical state of water sorbed at high activities
in starch in terms of the GAB sorption equation. Journal of Food Science, 13(3): 171-179.

Tosi, E., Tamburelli, M. i Prado, R., 1990. Cinética del secado de soja (Glicine max.).
Ecuacion empirica para el secado en lecho fluidizado. Revista de Agroquimica y Tecnologia
de Alimentos, 30(1): 130-137.

Tous, J., Rovira, M. i Plana, J., 1987. Cultivo del avellano. Fruticultura Profesional, 11:
115-123.

Tous, J., 1991. Nuevas plantaciones de avellano. Agricultura, 709: 732-735.

Troller, J.A., 1989. Water activity and food quality. A Water and Food Quality, T.M.
Hardman (ed.), Elsevier Applied Science, New York, pp. 1-31.

Troller, J.A. i Christian, J.H.B., 1978. Water activity and Food. Academic Press, New
York.

Tuerlinckx, G. i Goedseels, V., 1979. Some thermal and physical properties as a tool for
energy economization. A Furopean Brewing Convention, 1983, pp. 701-714,

Tiama, J., Barvir, P.,, Meshehdani, T., Davidek, J. i Pokorny, J., 1990. Changes of
hazelnut kernels and their lipoxygenase activity during industrial roasting. Listy
Cukrovarnické, 106; 252-257.

Van den Berg, C., 1984. Description of water activity of foods for engineering purposes by
means of the G.A.B. model sorption. A Engineering and foods, Vol 1, BM. McKenna (ed.)
Elsevier Applied Science Publishers, New York, pp. 311-321.

Van den Berg, C., 1985. Water activity. A Concentration and Drying of Foods, D.
McCarthy (ed.) Elsevier Applied Science Publishers, New York, pp. 11-36.

289



REFERENCIES BIBLIOGRAFIQUES

Vargas, F.J., 1989. Situacion actual y perspectivas de la obtencion de material vegetal en
nogal, avellano y pistachero. Frut, 4(6): 312-321.

Verma, L.R., Bucklin, R.A., Endan, J.B. i Wratten, F.T., 1985, Effects of drying air
parameters on rice drying models. Transactions of the ASAE, 28(1): 296-301.

Versavel, P.A. i Muir, W.E., 1988a. Moisture absorption by wheat spikes. Transactions of
the ASAE, 31(4): 1255-1259.

Versavel, P.A. i Muir, W.E., 1988b. Drying behaviour of high-moisture-content wheat
spikes. Transactions of the ASAE, 31(4): 1260-1263.

Vidal, D., Gimeno, V., Fito, P. i Tarrazo, J., 1986. La actividad del agua en alimentos.
Alimentacion, Equipos y Tecnologia, 5. 37-46.

Vidal, D., Fito, P., Gimeno, V., Tarrazo, J. i Gras, M.L., 1991. Isotermas de humedad de
equilibrio de datiles espafioles (Phoenix dactilyfera L.) tipo Candit. A /11 Congreso Mundial
de Tecnologia de Alimentos. TecnoAlimentaria-1991. Barcelona.

Villota, R. i Hawkes, J.G., 1992. Reaction kinetics in food systems. A Handbook of Food
Engineering. D.R. Heldman i D.B. Lund (ed.), Marcel Dekker Inc., New York, pp. 39-144.

Wang, N. i Brennan, J.G., 1991. Moisture sorption isotherm characteristics of potatoes at
four temperatures. Journal of Food Engineering, 14(4): 269-287.

Whitaker, J.R., 1984, Mechanisms of oxidoreductases important in food component
modification. A Chemical Changes in Food during Processing. T. Richardson i J.W. Finley
(ed.), Avi Publishing Company Inc., Westport, pp. 121-176.

White, G.M., Bridges, T.C., McNeill, S.G. i Overhults D.G., 1985, Equilibrium moisture
properties of corn cobs. Transactions of the ASAE, 28(1): 280-285.

Young, J.H., 1976. Evaluation of models to describe sorption and desorption equilibrium
moisture content isotherms of Virginia type peanuts. Transactions of the ASAE, 19(1): 146-
150.

290



6. ANEX



ANEX

PROGRAMA DE SIMULACIO

(Assecat en llit profund d'avellana Negret en closca)

Const cv =1.86

Const ro = 2500.6

Const ca = 1.004

Const cw =4.19

Const tmo = 15

Const hmos = .2062

Const hmo = hmos / (1 + hmos) 'humitat inicial avellana
Const alt = 3.8 'altura 1lit d'avellana en m
Const dx = .01 'espesor capa

Const n1 = 380 ' numero de capes

Const dt = 1 'min

Const dmo = 426 'densitat avellana seca inicial
Const scaja =4.15 'superf. sitja

Const COTEX =0

'Condicions inicials

Dim hmi As Single

Dim tmi As Single

Dim tai As Single

Dim wai As Single

Dim hrair As Single

'Condicions finals

Dim HMSAL As Single

Dim tasal As Single

Dim wasal As Single

Dim tmsal As Single

Dim hrsal As Single

Dim eqgh As Single
Dim dhm As Single
Dim hmmed As Single
Dim wmed As Single
Dim tex As Single
Dim wex As Single
Dim dz As Single
Dim ma As Single
Dim vo As Single
Dim pair As Single
Dim tinf As Single
Dim z As Integer
Dim hp As Integer
Dim tsec As Integer
Global n As Integer

'Propietats de I'avellana
Dim cm As Single
Dim lag As Single
Dim lavell As Single
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Dim dm As Single
Dim h As Single

Global ficgrab As String
Global inicio, final As Integer
Global finsim As Integer
Global simula() As Single
Global temps As Integer

'Simulassecat
Sub simulassecat ()

Dim b As Integer

Dim hrex As Single

Dim s As Single

Dim grab As String

Static hm(7, 381) As Single
Static tm(7, 381) As Single
Static ta(7, 381) As Single
Static wa(7, 381) As Single
Static hra(7, 381) As Single
ficgrab = "c:\tb\ne35.sec"
'Open ficgrab For Append As #1
"Print #1, camara

'Close #1

Forz=1Tonl
hm(0, z) = hmos: tm(0, z) = tmo
Next z

dm = dmo: dz = dx
final = 120
ReDim simula(final + 1, 10)
If temps = 0 Then
finsim = final
Else
finsim = 10 * Val(modelo.text(0).Text)
End If

For n =1 To finsim
'Condicions aire
tex=15: hrex=.01 * 75
tinf = 36
psatex = presiosatura(tex)
pair=1.013
wex = .622 * hrex * psatex / (pair - hrex * psatex)
ma = 42.27'kg/min/m2

Forhp=1To6
tsec=(n-1)*6+hp
ta(hp, 0) = tinf: wa(hp, 0) = wex

Forz=1Tonl
tai = tathp, z - 1); tmi = tm(hp - 1, z)
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wai = wa(hp, z - 1): hmi = hm(hp - 1, z)

pws = presiosatura(tai)

hrair = pair * wai / (pws * (wai + .622))

If z =1 Then hra(hp, 0) = hrair

humequi

page

hmmed = (hmi + HMSAL) / 2

cm=1.65

d=.016

h = ((6/d)*.204 * (ma*60) ~ .8)* 60 / 1000 ' kj/minm3k
lag = 2500.6 - 2.3643956 * 22

lavell = lag * (1 +.5904 * Exp(-.1367 * 100 * hmmed))
dwa = -dm * dz * dhm / (ma * dt)

wasal = wai + dwa

wmed = (wasal + wai) / 2

tempnellist

pws = presiosatura(tasal)

hrsal = pair * wasal / (pws * (wasal + .622))

If hrsal > .85 Then
rehumectacio
hm(hp, z) = hmsal: tm(hp, z) = TMSAL
ta(hp, z) = tasal: wa(hp, z) = wasal
hra(hp, z) = hrsal
Forb=z To nl
hm(hp, b) = hm(hp - 1, b)
tm(hp, b) =tm(hp - 1, b)
wa(hp, b) = wasal: hra(hp, b) = hrsal
ta(hp, b) = tasal
Next b
z=nl
Else
hm¢hp, z) = HMSAL: tm(hp, z) = tmsal
ta(hp, z) = tasal: wa(hp, z) = wasal
hra(hp, z) = hrsal
End If

Next z

avella=0
Forb=1 Tonl

avella = avella + hm(hp,b)

Next b
avellal = avella / nl:
's=.10
dz =dx
dm = dmo
Next hp

Forb=1Tonl

hm(0, b) = hm(6, b): tm(0, b) = tm(6, b)
Next b
simula(n, 0) = hm(6, 40): simula(n, 1) = hm(6, 80)
simula(n, 2) = hm(6, 120): simula(n, 3) = hm(6, 160)
simula(n, 4) = hm(6, 200): simula(n, 5) = avellal
simula(n, 6) = tasal: simula(n, 7) = 100 * hrsal

295



ANEX

'grabacio
'humitat avellana puntual
grab = Format$(n / 10, "00.0") + Chr$(32)
grab = grab + Format$(hm(6, 1), "0.000000") + Chr$(32)
Forz=1Tonl Stepnl /10

grab = grab + Format$(hm(6, z), "0.000000") + Chr$(32)
Next z
grab = grab + Format$(avellal, "0.000000") + Chr$(32)
Open "c:\tb\hmne35.x1s" For Append As #1 'grabar en disco
Print #1, grab
Close #1
'humitat absoluta aire
grab = Format$(n / 10, "00.0") + Chr$(32)
Forz=0 Tonl Stepnl/ 10

grab = grab + Format$(wa(6, z), "0.00000") + Chr$(32)
Next z
Open "c:\tb\wane35.xIs" For Append As #1 'grabar en disco
Print #1, grab
Close #1
'humitat relativa aire
grab = Format$(n / 10, "00.0") + Chr$(32)
Forz=0Tonl Stepnl /10

grab = grab + Format$(100 * hra(6, z), "00.000") + Chr$(32)
Next z
Open "c:\tb\hrane35.x1s" For Append As #1 'grabar en disco
Print #1, grab
Close #1
'temperatura aire
grab = Format$(n / 10, "00.0") + Chr$(32)
Forz=0Tonl Stepnl/ 10

grab = grab + Format$(ta(6, z), "00.000") + Chr$(32)
Next z
Open "c:\tb\tane35.xIs” For Append As #1 'grabar en disco
Print #1, grab
Close #1
'temperatura avellana
grab = Format$(n / 10, "00.0") + Chr$(32)
grab = grab + Format$(tm(6, 1), "00.000") + Chr$(32)
Forz=1Tonl Stepnl / 10

grab = grab + Format$(tm(6, z), "00.000") + Chr$(32)
Next z
Open "c:\tb\tmne35.x1s" For Append As #1 'grabar en disco
Print #1, grab
Close #1
‘humitat avellana mitja per capes
grab = Format$(n / 10, "00.0") + Chr$(32)
Forz=1To 10

avella=0

Fora=1Tonl/10

avella = avella + hm(6, a + (z - 1) ¥ nl1 / 10)

Nexta

avella = avella / (n1 / 10)

grab = grab + Format$(avella, "0.00000") + Chr$(32)
Next z
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grab = grab + Format$(avellal, *0.000000") + Chr$(32)

Open "c:\tb\hmedne35.x1s" For Append As #1 'grabar en disco
Print #1, grab

Close #1

Next n

End Sub

Function presiosatura (ta As Single)

If ta <= 60 Then
pws = (Exp(14.293 - 5291/ (ta + 273.15))) / (3.2917 - .01527 * (ta + 273.15) + (.0000254) * (ta +
273,15y72)
Else
pws = Exp(13.5921 - 5064.72 / (ta + 273.15))
End If
presiosatura = pws

End Function

Sub humequi ()

Dim eghw As Single

Dim eql As Single

Dim eq2 As Single

eqh = 045 * 8.10 * .819 * hrair / (1 - .819 * hrair) * (1 + (8.10 - 1) * .819 * hrair))

End Sub

Sub page ()

Dim teq As Single
Dim k As Single
Dim u As Single
k =2.94 * Exp(-1598 / (273.15 + tai)))
u=.5314 - .0014* tai - .0001* hrair
If hmi < egh Then teq = 12000
If hmi > egh Then
If hmos > hmi Then
teq = (-(Log((hmi - eqh) / (hmos - eqh))) / k) ~ (1 / u)
Else
teq=0
End If
End If
dhm = -(hmi - eqh) * k * u * (teq + dt*60)  (u - 1)
HMSAL = hmi + dhm

End Sub
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ANEX

Sub rehumectacio ()

Dim agreh As Single
Dim ws As Single
Dim hmsl As Single
ws = wasal - .00004
Do
wmed = (ws +wai) / 2
agreh = ma * dt * (wasal - ws)
hms1 = HMSAL + (agreh / (dm * dz))
dhm = (hms1 - hmi) / dt
tempnellist
pws = presiosatura(tasal)
hrsal = pair * ws / (pws * (ws + .622))
ws = ws -~ .00004
Loop Until hrsal < .94
wasal = ws + .00004
HMSAL = hmsl

End Sub

Sub tempnellist ()

Dim al, bl As Single

Dim a, b As Single

Dimee, f, y As Single

Dim tamed As Single

Dim tmmed As Single

Dim tmsall As Single

Dim tmsal2 As Single

tamed = (tai + tmi) / 2

tmmed = tmmed

al =-dm * dz * (tamed - tmi) * (ca + cw * (HMSAL))
bl =dm * dz * dhm * (cv * tai + lag - cw * tmi)

tasal = tai + (al + bl) / (ma * dt) / (ca + cv * (wmed - dm * dz * dhm / ma / dt))
a=2 * (tai - tmi)

b=cm + cw * hmmed

y = lavell + cv * tamed - cw * tmmed
e=ca+cv* (wmed - dm * dz * dhm / ma / dt)
f=cv*ta+lag-cw* tmi

tmsall =a+dm*dhm/dt* (2 *y/h+dz*f/ma/e)
tmsal2=1+dm/dt*2*b/h+dz/ma/e* (b+cw* dhm))
tmsal = tmi + tmsall / tmsal2

If tmsal > tasal Then tmsal = tasal

If tmsal < tmo Then tmsal = tmo

End Sub

298



	Scan0014.pdf
	TMTPF19de19.pdf



