11

1.2

13

21

22

2.3

24

2.5

2.6

3.1

3.2

4.1

4.2

4.3

4.4

4.5

4.6

LIST OF FIGURES

Methods of DeNUMIAIfICELION...........coiiieeie s 2
Honeycomb Structure of Desiccant Wheel ... 16
Rotary Wheel for Counter Flow of Ventilation flow and Exhaust flow ................... 16
Air ConditioNiNG PrOCESSES .........coiiiiieiierieeie ettt st sbe e st 20
TREMMAl PrOCESSES ...ttt sn e n e nneene e 20
Principle of DeSICCaNt COOlING......ccueiuiiirrierie ettt e e seesae e 21
Psychrometric Chart Illustrating the Principle of Desiccant Cooling .........c.ccceeeue. 22
Typical Desiccant Dehumidifier UNit ..........cooeiiiiieninine e 24
Rotary DesiCCant WNEE! ..o 25
Physical Descriptions and Coordinate System of the Problem............c.cccceeenene 27
Zoomed in View of Hypothetical Layer of Air Next to Desiccant ...........cccceveeeunene 31
Mass Transfer Augmentation ParameLer ............cccovveeereereseeeeieseesesee e eeeseee e sneens 38
Air Humidity Ratio along the Desiccant Thickness for Air mass flow rate of 34.3
kg/hr. and Air VELOCitY Of 1.56 M/S.......cccviiieiirierieeie et see e 38
Air Humidity Ratio along the Desiccant Thickness for Air mass flow rate of 36.4
kg/hr. and Air VELOCItY Of 1.66 M/S.......cccvcieeierieiieie e eee e eee s esee e see e sneeee s 39
Air Humidity Ratio along the Desiccant Thickness for Air mass flow rate of 49.4
kg/hr. and Air VELOCItY Of 2.25 MS......ccovieeieee e 40
Air Humidity Ratio along the Desiccant Thickness for Air mass flow rate of 74.3
kg/hr. and Air VEOCity Of 3.38 M/S......cccvieeiiceseee e 40
Air Humidity Ratio along the Desiccant Thickness for Air mass flow rate of 100.3

Vil



kg/hr. and Air VEOCItY Of 4.57 M/S......cooiiiiiiie e e 41
4.7 Air Humidity Ratio along the Desiccant Thickness for Different Vaues of Air mass
flow rates and Air VEIOCITIES. ........coviveirieerese e 41
4.8 Water Desiccant Content along the Desiccant Thickness for Air mass flow rate of
34.3 kg/hr. and Air VElOCity Of 1.56 M/S.......ccceeiireeiicie e 42
4.9 Water Desiccant Content along the Desiccant Thickness for Air mass flow rate of
36.4 kg/hr. and Air VElOCity Of 1.66 M/S.......ccceeveieeriiie e 42
4.10 Water Desiccant Content along the Desiccant Thickness for Air mass flow rate of
49.4 kg/hr. and Air VElOCity Of 2.56 M/S.......ccoveiviieieeeseceereee e 43
4.11 Water Desiccant Content along the Desiccant Thickness for Air mass flow rate of
74.3 kg/hr. and Air VeloCity Of 3.38 M/S......ccceeieiieiieiere e 43
4.12 Water Desiccant Content along the Desiccant Thickness for Air mass flow rate of
100.3 kg/hr. and Air VElOCity Of 4.57 MUS.......ccceeiieecieie e 44
4.13 Dehumidification Rate versus Dry Bulb Temperature for Different RH values and
Air mass flow rate of 34.3 kg/hr. and Air Velocity of 1.56 m/s........cccccveevvveinrnnnne 45
4.14 Dehumidification Rate versus Dry Bulb Temperature for Different RH values and
Air mass flow rate of 36.4 kg/hr. and Air Velocity of 1.66 m/s..........ccceevvvevinrnnnne. 45
4.15 Dehumidification Rate versus Dry Bulb Temperature for Different RH values and
Air mass flow rate of 49.4 kg/hr. and Air Velocity of 2.25 m/S......cceevecvvveiinnnenne. 46
4.16 Dehumidification Rate versus Dry Bulb Temperature for Different RH values and
Air mass flow rate of 74.3 kg/hr. and Air Velocity of 3.38 m/s........cccccvecvvvecinrneene 46
4.17 Dehumidification Rate versus Dry Bulb Temperature for Different RH values and
Air mass flow rate of 100.3 kg/hr. and Air Velocity of 4.57 m/s........cccccvvvevennenne 47

4.18 Dehumidification Rate versus Relative Humidity values for Air mass flow rate of

Vil



34.3 kg/hr and Air VElOCity Of 1.56 M/S......ccooiiiiiiiiinee e s 48
4.19 Dehumidification Rate versus Relative Humidity values for Air mass flow rate of
36.4 kg/hr. and Air VElOCity Of 1.66 M/S.......ccceeieieereeeeseeieese e 48
4.20 Dehumidification Rate versus Relative Humidity values for Air mass flow rate of
49.4 kg/hr. and Air VEOCity Of 2.25 M/S......cccoiiiiiieeeeseceere e 49
4.21 Dehumidification Rate versus Relative Humidity values for Air mass flow rate of
74.3 kg/hr. and Air Vel ocity Of 3.38 M/S.......ccoveieiiee e 49
4.22 Dehumidification Rate versus Relative Humidity values for Air mass flow rate of
100.3 kg/hr. and Air VEOCity Of 4.57 M/S.......occeieeeeieie e 50
4.23 Dehumidification Rate versus Dry Bulb Temperature and Mass Flow Rate for
Relative HUMIdity Of 20 Q0.....c..ccveiieieeiee et st 51
4.24 Dehumidification Rate versus Dry Bulb Temperature and Mass Flow Rate for
Relative HUMI ity OF 40 Q0........coieiieiecie et s enne s 51
4.25 Dehumidification Rate versus Dry Bulb Temperature and Mass Flow Rate for
Relative HUMIdity Of 60 Y0........ccceiieieiieiieciesie e see et sne e 52
4.26 Dehumidification Rate versus Dry Bulb Temperature and Mass Flow Rate at

Relative HUMIdity Of 90 Q0........ooieiiiiiiee e e 52

4.27a Dehumidification Rate versus Dry Bulb Temperature and Mass Flow Rate for

Relative HUMIditieS Of 10 Y010 90 Q... ee e e e e e e e e e e e eeeeaans 53

4.27b Dehumidification Rate versus Dry Bulb Temperature and Mass Flow Rate for

Relative Humidities of 10 % to 90 % (ANOLher VIEW)......c.cccvveeieecieneee e 54

4.28 Optimum Dehumidification Rate versus Dry Bulb Temperature and Mass Flow Rate

at Relative HuMIiditieS Of 10 %010 90 Q0.....eeeeeeee e e e 54

IX



4.29 The Relative Humidity Polynomia Coefficient Cy .......ccoveveereriieneeii e 57

4.30 The Relative Humidity Polynomia Coefficient Cy .......ccccvveeveecieneeie e 58
4.31 The Relative Humidity Polynomia Coefficient Cq ......ccvevevveeieeciesieieeseeeseeen 58
4.32 The Relative Humidity Polynomia Coefficient Cg .......cccceveeereeieeneesniseeieseeeens 59
4.33 The Relative Humidity Polynomia Coefficient C7 ........ccccvveevieecenieern e 59
4.34 The Relative Humidity Polynomia Coefficient Cg ........ccccveeeverceeneeniennenieneens 60



NOMENCLATURE

Ach Cross-sectional area of the desiccant channel

Ueh Air flow speed inside channel

Us Air flow speed at the desiccant wheel face

Com Mean specific heat for desiccant bed (Jkgy . K)

Ca Mean specific heat for moist air (JKkga . K)

Dy Hydraulic diameter (m)

fc Actual mass and heat transfer area/ unit volume of the air gap (m™)

Gen Superficial mass flux (kg/m?. s)

hw Heat of wetting (J/kg)

ia Specific enthalpy of the moist air (J/kg)

ig Specific enthalpy of the desiccant bed (J/kQg)
K Coefficient of mass transfer (kg . m%s)

L Passage length (m)

" Air mass flow rate per channel (kg/hr)

0z Specific energy transfer rate through the boundary (w/m?®)
T System equilibrium temperature (°K)

tw Wall temperature (°C)

t Air temperature (°C)

W Water content of desiccant (kg/ kg)

Packing filling factor

o Relative humidity

Pa Density of air (kg/m°)

Dd Density of dry desiccant materia (kg/m®)

T Time (sec.)
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Subscript

a Air
a,d Dry air
d Desiccant

dd Dry desiccant
d, w Wetted desiccant

b Desiccant bed

ch Air channel

S Cross sectional area of the substrate carrying material
w, | Water (liquid)

W, v Water (vapor)
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