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Table 1  Characteristics of Film Fill Media for Heat Transfer

( Manufacturer: Film fill media for heat transfer, Icea, Fluid Handling, Casalbuttano, Italy )
	Product Code
	CTPAK (Onda) 12,
sheet spacing 12 mm
	CTPAK (Onda) 19,
sheet spacing 19 mm
	CTPAK (Onda) 27,
sheet spacing 27 mm

	Property Description

	(1) Operating temperature
	Standard:  -5 → +60 ºC
	Standard:  -5 → +60 ºC
	Standard:  -5 → +60 ºC

	(2) Size : Length x Width x Depth
	900 → 2750 mm x up to 600 mm x up to 600 mm
	900 → 2750 mm x up to 600 mm x up to 600 mm
	900 → 2400 mm x up to 600 mm x up to 600 mm

	(3) Heat transfer surface area
	248 m2/m3
	152 m2/m3
	120 m2/m3

	(4) Void
	97 %
	96 %
	96 %

	(5) Cross corrugated flutes angle
	60 º
	60 º
	60 º


















Table 2 Dependence of the parameters  on wet bulb temperature and pad module thicknesses ( at constant dry bulb temperature , air- velocity , Pad module type: Onda 27
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2.805
	2.795
	2.903
	2.893
	3.048
	3.037
	3.312
	3.301
	2.805
	2.795
	2.903
	2.893
	3.048
	3.037
	3.312
	3.301
	17
	43

	2.828
	
	2.928
	
	3.074
	
	3.340
	
	2.828
	
	2.928
	
	3.074
	
	3.340
	
	19
	

	2.852
	
	2.953
	
	3.100
	
	3.369
	
	2.852
	
	2.953
	
	3.100
	
	3.369
	
	21
	

	2.883
	
	2.984
	
	3.133
	
	3.404
	
	2.883
	
	2.984
	
	3.133
	
	3.404
	
	23.5
	

	2.907
	
	3.009
	
	3.159
	
	3.433
	
	2.907
	
	3.009
	
	3.159
	
	3.433
	
	25.5
	

	2.806
	2.765
	2.905
	2.862
	3.050
	3.005
	3.314
	3.266
	2.806
	2.765
	2.905
	2.862
	3.050
	3.005
	3.314
	3.266
	17
	35

	2.828
	
	2.927
	
	3.073
	
	3.340
	
	2.828
	
	2.927
	
	3.073
	
	3.340
	
	19
	

	2.850
	
	2.950
	
	3.097
	
	3.366
	
	2.850
	
	2.950
	
	3.097
	
	3.366
	
	21
	

	2.878
	
	2.979
	
	3.127
	
	3.398
	
	2.878
	
	2.979
	
	3.127
	
	3.398
	
	23.5
	

	2.900
	
	3.002
	
	3.151
	
	3.425
	
	2.900
	
	3.002
	
	3.151
	
	3.425
	
	25.5
	









Table 3 Dependence of the parameters  on pad module type at different dry- and wet bulb temperatures and constant air- velocity and pad module thicknesses (
	
	

	Onda12
	Onda19
	Onda27
	Onda12
	Onda19
	Onda27

	
	
	= 2.67 m/s,  
	 = 0.67 m/s, 

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	43
	17
	6.336
	6.381
	3.734
	3.748
	2.893
	2.903
	6.121
	6.164
	3.608
	3.621
	2.795
	2.805

	
	19
	
	6.432
	
	3.779
	
	2.928
	
	6.214
	
	3.651
	
	2.828

	
	21
	
	6.485
	
	3.811
	
	2.953
	
	6.265
	
	3.682
	
	2.852

	
	23.5
	
	6.551
	
	3.852
	
	2.984
	
	6.329
	
	3.721
	
	2.883

	
	25.5
	
	6.604
	
	3.884
	
	3.009
	
	6.380
	
	3.752
	
	2.907

	35
	17
	6.269
	6.377
	3.695
	3.750
	2.862
	2.905
	6.057
	6.160
	3.570
	3.623
	2.765
	2.806

	
	19
	
	6.424
	
	3.779
	
	2.927
	
	6.206
	
	3.650
	
	2.828

	
	21
	
	6.472
	
	3.808
	
	2.950
	
	6.252
	
	3.679
	
	2.850

	
	23.5
	
	6.533
	
	3.845
	
	2.979
	
	6.311
	
	3.714
	
	2.878

	
	25.5
	
	6.581
	
	3.875
	
	3.002
	
	6.358
	
	3.743
	
	2.900




















Table 4 Dependence of the parameters  on wet bulb temperatures   at constant dry bulb temperature , air- velocity and different pad module thicknesses ( (Pad module type: Onda 12)

	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	43
	17
	32.620
	33.041
	30.016
	30.404
	28.591
	28.960
	27.621
	27.978
	32.620
	33.041
	30.016
	30.404
	28.591
	28.960
	27.621
	27.978

	
	19
	
	33.409
	
	30.743
	
	29.283
	
	28.289
	
	33.409
	
	30.743
	
	29.283
	
	28.289

	
	21
	
	33.791
	
	31.094
	
	29.617
	
	28.612
	
	33.791
	
	31.094
	
	29.617
	
	28.612

	
	23.5
	
	34.286
	
	31.550
	
	30.051
	
	29.032
	
	34.286
	
	31.550
	
	30.051
	
	29.032

	
	25.5
	
	34.698
	
	31.929
	
	30.413
	
	29.381
	
	34.698
	
	31.929
	
	30.413
	
	29.381

	35
	17
	33.102
	33.989
	30.460
	31.277
	29.013
	29.791
	28.029
	28.780
	33.102
	33.989
	30.460
	31.277
	29.013
	29.791
	28.029
	28.780

	
	19
	
	34.344
	
	31.603
	
	30.102
	
	29.080
	
	34.344
	
	31.603
	
	30.102
	
	29.080

	
	21
	
	34.711
	
	31.941
	
	30.424
	
	29.392
	
	34.711
	
	31.941
	
	30.424
	
	29.392

	
	23.5
	
	35.190
	
	32.382
	
	30.844
	
	29.797
	
	35.190
	
	32.382
	
	30.844
	
	29.797

	
	25.5
	
	35.589
	
	32.748
	
	31.193
	
	30.135
	
	35.589
	
	32.748
	
	31.193
	
	30.135












Table 5 Dependence of the parameters  on wet bulb temperatures  and pad module thicknesses (  at constant dry bulb temperature , air- velocity , Pad module type: Onda 19
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.134
	3.134
	3.244
	3.244
	3.406
	3.406
	3.701
	3.701
	3.134
	3.134
	3.244
	3.244
	3.406
	3.406
	3.701
	3.701
	17
	43

	3.135
	
	3.245
	
	3.407
	
	3.702
	
	3.135
	
	3.245
	
	3.407
	
	3.702
	
	19
	

	3.135
	
	3.245
	
	3.407
	
	3.703
	
	3.135
	
	3.245
	
	3.407
	
	3.703
	
	21
	

	3.136
	
	3.246
	
	3.408
	
	3.704
	
	3.136
	
	3.246
	
	3.408
	
	3.704
	
	23.5
	

	3.137
	
	3.247
	
	3.409
	
	3.705
	
	3.137
	
	3.247
	
	3.409
	
	3.705
	
	25.5
	

	3.101
	3.100
	3.210
	3.209
	3.370
	3.369
	3.662
	3.661
	3.101
	3.100
	3.210
	3.209
	3.370
	3.369
	3.662
	3.661
	17
	35

	3.102
	
	3.211
	
	3.371
	
	3.663
	
	3.102
	
	3.211
	
	3.371
	
	3.663
	
	19
	

	3.102
	
	3.211
	
	3.371
	
	3.664
	
	3.102
	
	3.211
	
	3.371
	
	3.664
	
	21
	

	3.103
	
	3.212
	
	3.372
	
	3.665
	
	3.103
	
	3.212
	
	3.372
	
	3.665
	
	23.5
	

	3.104
	
	3.213
	
	3.373
	
	3.666
	
	3.104
	
	3.213
	
	3.373
	
	3.666
	
	25.5
	











Table 6 Dependence of the parameters  on pad module type at different dry- and wet bulb temperatures and constant air- velocity and pad module thicknesses (
	

	

	Onda12
	Onda19
	Onda27
	Onda12
	Onda19
	Onda27

	
	
	= 2.00 m/s,  
	 = 0.67 m/s, 

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	43
	17
	5.317
	5.318
	3.134
	3.134
	2.428
	2.428
	5.3173
	5.3181
	3.134
	3.134
	2.428
	2.428

	
	19
	
	5.319
	
	3.135
	
	2.428
	
	5.3190
	
	3.135
	
	2.428

	
	21
	
	5.320
	
	3.135
	
	2.429
	
	5.3201
	
	3.135
	
	2.429

	
	23.5
	
	5.321
	
	3.136
	
	2.429
	
	5.3215
	
	3.136
	
	2.429

	
	25.5
	
	5.323
	
	3.137
	
	2.430
	
	5.3227
	
	3.137
	
	2.430

	35
	17
	5.260
	5.262
	3.100
	3.101
	2.402
	2.402
	5.2600
	5.2620
	3.100
	3.101
	2.402
	2.402

	
	19
	
	5.263
	
	3.102
	
	2.403
	
	5.2630
	
	3.102
	
	2.403

	
	21
	
	5.264
	
	3.102
	
	2.403
	
	5.2641
	
	3.102
	
	2.403

	
	23.5
	
	5.266
	
	3.103
	
	2.404
	
	5.2655
	
	3.103
	
	2.404

	
	25.5
	
	5.267
	
	3.104
	
	2.405
	
	5.2668
	
	3.104
	
	2.405














Table 7 Dependence of the parameters  on wet bulb temperatures   at constant
dry bulb temperature , air-velocity and different pad module thicknesses ( (Pad module type: Onda 27)
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	43
	17
	0.024
	0.024
	0.022
	0.022
	0.021
	0.021
	0.020
	0.020
	0.024
	0.024
	0.022
	0.022
	0.021
	0.021
	0.020
	0.020

	
	19
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	21
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	23.5
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	25.5
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	35
	17
	0.024
	0.024
	0.022
	0.022
	0.021
	0.021
	0.020
	0.020
	0.024
	0.024
	0.022
	0.022
	0.021
	0.021
	0.020
	0.020

	
	19
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	21
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	23.5
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	25.5
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	













Table 8 Dependence of the heat- and mass- transfer coefficients (   on frontal air linear velocity for different pad module types and thicknesses  at different air wet bulb temperatures and constant air dry bulb temperature
	

	

	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	17
	73.163
	0.055
	67.324
	0.051
	64.126
	0.048
	61.950
	0.047
	24.135
	0.018
	22.208
	0.017
	21.154
	0.016
	20.436
	0.015

	19
	73.957
	0.055
	68.055
	0.051
	64.823
	0.048
	62.623
	0.047
	24.397
	0.018
	22.450
	0.017
	21.384
	0.016
	20.658
	0.015

	21
	74.781
	0.055
	68.813
	0.051
	65.545
	0.048
	63.321
	0.047
	24.669
	0.018
	22.700
	0.017
	21.622
	0.016
	20.888
	0.015

	23.5
	75.853
	0.055
	69.799
	0.051
	66.484
	0.048
	64.228
	0.047
	25.022
	0.018
	23.025
	0.017
	21.932
	0.016
	21.187
	0.015

	25.5
	76.744
	0.055
	70.619
	0.051
	67.265
	0.048
	64.983
	0.047
	25.316
	0.018
	23.296
	0.017
	22.189
	0.016
	21.436
	0.015

	
	

	17
	68.758
	0.052
	63.270
	0.048
	60.265
	0.046
	58.220
	0.044
	22.682
	0.017
	20.871
	0.016
	19.880
	0.015
	19.205
	0.015

	19
	69.527
	0.052
	63.978
	0.048
	60.940
	0.046
	58.872
	0.044
	22.936
	0.017
	21.105
	0.016
	20.103
	0.015
	19.421
	0.015

	21
	70.326
	0.052
	64.713
	0.048
	61.640
	0.046
	59.548
	0.044
	23.199
	0.017
	21.347
	0.016
	20.333
	0.015
	19.644
	0.015

	23.5
	71.364
	0.052
	65.668
	0.048
	62.550
	0.046
	60.427
	0.044
	23.541
	0.017
	21.663
	0.016
	20.634
	0.015
	19.934
	0.015

	25.5
	72.228
	0.052
	66.463
	0.048
	63.307
	0.046
	61.158
	0.044
	23.826
	0.017
	21.925
	0.016
	20.883
	0.015
	20.175
	0.015









Table 9 Dependence of heat- and mass transfer coefficients and DEC-efficiencies 
on pad module typeat different air dry- and wet  bulb temperatures and constant air velocity
 and pad module thicknesses (
	
	
	
	
	 = 120 

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	43
	17
	50.403
	0.811
	0.039
	0.810
	48.245
	0.624
	0.037
	0.622
	47.341
	0.532
	0.036
	0.529

	
	19
	50.964
	0.814
	0.039
	0.812
	48.798
	0.627
	0.037
	0.625
	47.884
	0.535
	0.036
	0.532

	
	21
	51.545
	0.816
	0.039
	0.815
	49.372
	0.630
	0.037
	0.628
	48.447
	0.538
	0.036
	0.535

	
	23.5
	52.302
	0.819
	0.039
	0.818
	50.118
	0.634
	0.037
	0.632
	49.179
	0.541
	0.036
	0.538

	
	25.5
	52.930
	0.822
	0.039
	0.820
	50.737
	0.637
	0.037
	0.635
	49.787
	0.544
	0.036
	0.541

	35
	17
	51.849
	0.811
	0.038
	0.810
	49.703
	0.624
	0.037
	0.622
	48.772
	0.532
	0.036
	0.530

	
	19
	52.389
	0.813
	0.038
	0.812
	50.238
	0.627
	0.037
	0.625
	49.297
	0.534
	0.036
	0.532

	
	21
	52.950
	0.816
	0.038
	0.814
	50.793
	0.630
	0.037
	0.628
	49.841
	0.537
	0.036
	0.534

	
	23.5
	53.681
	0.818
	0.038
	0.817
	51.516
	0.634
	0.037
	0.631
	50.550
	0.541
	0.036
	0.538

	
	25.5
	54.289
	0.821
	0.038
	0.819
	52.117
	0.637
	0.037
	0.634
	51.140
	0.543
	0.036
	0.540










Table 10 Dependence of DEC-efficiencies  on pad module typeat different : (i)  frontal air velocity (ii) wet  bulb temperatures and pad module thicknesses ( at constant air dry bulb temperature
	
	

	
	
	

	
	
	
	
	

	
	
	
	
	
	
	
	
	

	17
	0.450
	0.448
	0.868
	0.867
	0.546
	0.544
	0.931
	0.930

	19
	0.453
	0.450
	0.870
	0.869
	0.549
	0.546
	0.933
	0.932

	21
	0.456
	0.453
	0.873
	0.871
	0.552
	0.549
	0.934
	0.933

	23.5
	0.459
	0.456
	0.875
	0.874
	0.555
	0.552
	0.936
	0.935

	25.5
	0.462
	0.458
	0.877
	0.876
	0.558
	0.555
	0.937
	0.937

	
	

	
	
	
	
	
	
	
	
	

	17
	0.238
	0.237
	0.602
	0.600
	0.302
	0.300
	0.704
	0.702

	19
	0.240
	0.238
	0.605
	0.603
	0.304
	0.301
	0.707
	0.705

	21
	0.242
	0.239
	0.609
	0.606
	0.306
	0.303
	0.710
	0.708

	23.5
	0.244
	0.240
	0.612
	0.610
	0.309
	0.305
	0.714
	0.711

	25.5
	0.246
	0.241
	0.615
	0.612
	0.311
	0.307
	0.717
	0.714












Table 11 The dimensionless Shaaban’s – and Lewis numbers independence of design- and operating parameters of DEC when dry air properties are considered
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	17.0
	43
	1.303
	0.884
	1.303
	0.884
	1.303
	0.884
	1.303
	0.884
	35
	1.302
	0.884
	1.302
	0.884
	1.302
	0.884
	1.302
	0.884

	19.0
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	21.0
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	23.5
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	25.5
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	17.0
	43
	1.303
	0.884
	1.303
	0.884
	1.303
	0.884
	1.303
	0.884
	35
	1.302
	0.884
	1.302
	0.884
	1.302
	0.884
	1.302
	0.884

	19.0
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	21.0
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	23.5
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	25.5
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	


Table 12 Effect of design- and operating parameters variations on the dimensionless Shaaban’s - and Lewis  numbers  when humidified air properties are considered
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	17
	43
	1.298
	0.893
	1.298
	0.893
	1.298
	0.893
	1.298
	0.893
	[bookmark: _GoBack]35
	1.292
	0.906
	1.292
	0.906
	1.292
	0.906
	1.292
	0.906

	19
	
	1.293
	0.904
	1.293
	0.904
	1.293
	0.904
	1.293
	0.904
	
	1.287
	0.916
	1.287
	0.916
	1.287
	0.916
	1.287
	0.916

	21
	
	1.288
	0.914
	1.288
	0.914
	1.288
	0.914
	1.288
	0.914
	
	1.282
	0.926
	1.282
	0.926
	1.282
	0.926
	1.282
	0.926

	23.5
	
	1.282
	0.928
	1.282
	0.928
	1.282
	0.928
	1.282
	0.928
	
	1.277
	0.939
	1.277
	0.939
	1.277
	0.939
	1.277
	0.939

	25.5
	
	1.276
	0.939
	1.276
	0.939
	1.276
	0.939
	1.276
	0.939
	
	1.272
	0.949
	1.272
	0.949
	1.272
	0.949
	1.272
	0.949

	

	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	17
	43
	1.300
	0.888
	1.300
	0.888
	1.300
	0.888
	1.300
	0.888
	35
	1.293
	0.903
	1.293
	0.903
	1.293
	0.903
	1.293
	0.903

	19
	
	1.295
	0.899
	1.295
	0.899
	1.295
	0.899
	1.295
	0.899
	
	1.288
	0.914
	1.288
	0.914
	1.288
	0.914
	1.288
	0.914

	21
	
	1.290
	0.911
	1.290
	0.911
	1.290
	0.911
	1.290
	0.911
	
	1.283
	0.924
	1.283
	0.924
	1.283
	0.924
	1.283
	0.924

	23.5
	
	1.283
	0.925
	1.283
	0.925
	1.283
	0.925
	1.283
	0.925
	
	1.277
	0.937
	1.277
	0.937
	1.277
	0.937
	1.277
	0.937

	25.5
	
	1.278
	0.936
	1.278
	0.936
	1.278
	0.936
	1.278
	0.936
	
	1.273
	0.948
	1.273
	0.948
	1.273
	0.948
	1.273
	0.948








	
	
	
	
	

	
	
	
	
	

	
	
	

	

	

	

	

	


	
	17.0
	7.7677
	14.1359
	7.0961
	17.2305
	15.4569
	11.9595

	
	19.0
	13.9378
	25.5534
	9.0524
	22.2199
	16.2923
	12.5927

	
	21.0
	13.4078
	24.7247
	10.5023
	26.0581
	17.5758
	13.5706

	
	23.5
	11.0073
	20.4443
	9.1590
	23.0328
	20.0993
	15.4999

	
	25.5
	12.0148
	22.4591
	9.0243
	22.9526
	21.0161
	16.1958

	
	17.0
	10.1096
	18.4167
	8.9589
	21.8293
	19.5677
	15.1553

	
	19.0
	11.9148
	21.8291
	9.8869
	24.3256
	21.4018
	16.5615

	
	21.0
	13.6094
	25.0756
	9.0899
	22.5834
	23.5569
	18.2150

	
	23.5
	12.4183
	23.0383
	9.8638
	24.8263
	25.5387
	19.7325

	
	25.5
	13.6223
	25.4223
	12.0080
	30.5550
	26.8223
	20.7149








	
	
	
	
	

	
	
	
	
	

	
	
	

	

	

	

	

	


	
	17
	2.2262
	4.6778
	1.9891
	2.5531
	1.9275
	1.8888

	
	19
	2.8534
	6.3320
	3.0714
	4.9108
	2.8604
	3.9112

	
	21
	3.7060
	8.4996
	4.6063
	7.8958
	4.2297
	6.4086

	
	23.5
	3.9085
	9.0391
	4.8879
	8.4737
	4.7918
	7.4311

	
	25.5
	9.2589
	22.1176
	9.4286
	16.9118
	8.2952
	13.3946

	
	17
	3.0876
	6.8657
	3.2576
	5.2601
	3.3204
	4.7528

	
	19
	4.6949
	10.8429
	5.2800
	9.1201
	4.7637
	7.3092

	
	21
	8.2788
	19.5052
	8.4395
	14.9560
	38.1509
	61.9911

	
	23.5
	8.9901
	21.2831
	11.0296
	19.7542
	9.3040
	15.0237

	
	25.5
	12.3343
	29.3731
	11.0193
	19.8141
	11.8978
	19.4313








                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
