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Evaporative coolers:

. Environmentally friendly and cost-effective cooling technologies

. Reduce Greenhouse gases and requires minimum maintenance

Principle:

. Hot air + (cellulosic material - water) medium => Fresh humid air

. Latent heat of evaporation (water) -- Sensible heat (air) => Decrease
temperature (moist air).
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To investigate the performance of Hyphaene thebaica fibers as cooling
pad material for greenhouse cooling technology.
-
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1- Development and characterization of various pads via set-up
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Fig. 1 Celdek pad, wood wool pad and experimental set up.[1], [2]
2- Calculations at equilibrium

o /

ma = air mass flow rate, kg/s; mv = mass flow rate of water vapour, kg/s

Thbl__Thbf

( Saturation efficiency 1s given by: eff =

T]ibi.__ Tlrb
. Cooling capacity 1s given by: Q = m Cp,(Taps — Tapz)

. Energy and mass balance:

maha1 T IIlVthl T mVth - mahaz - szth - szhW —( =()
ha; - ha, + W](hVﬁ‘ hW) - W, (th — hW) = Cpa (Tdb1 — Tdbz)

. Heat loss: q = hyAAT , hy heat transfert coefficient

. Coetticient of performance: COP = Zpac

fan ETFLuxﬂp

ma x APv

pa x 1. _ X7

P,ump glven by the manufacturer. Pgy, =

motor

Cost
ef f

. Cost-to-efficiency ratio: CER =
=

. Mass transferred: me = hy;AAp, , hy mass transfert coefficient
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frontal velocity (v = 35.522 m/s).

20.50°C (Celdek) and 20.00°C (wood wool).
140.99% (wood wool).

scribes in ASHRAE (RH between 19.8% and 79.5%) [3].
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Fig. 2 Average temperature of wood wool and Celdek pad at constant

. Initial hot temperatures of 35.67 °C and 34.58°C were dropped to

. Increase 1n relative humidity (RH) by 270.37% (Celdek) against

These values fell within the acceptable comfort zone conditions as de-
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Parameters

Efficiency 79.80%
Mass tlow rate, kg/s 0.012
Cooling capacity, kJ/s 0.170
Heat transfer coef., KW/m*C 4.518
Mass transfer coef., kg/s 1.395
Coeftficient of Performance, COP 6.557
Cost to efficiency ratio, CER (based on XOF) 12551

At constant mass flow rate:
. A difference of 1% 1n saturation efficiency in favour of Celdek
. A difference of 0.181 kW/m*.°C in terms of heat transfer coefficient
with Celdek dominating

\Wood wool pad had better CER value of 12551 (table 1)

Table 1 Average thermodynamic parameters of studied pads

€0.005%: 50.00%

A0, 0%

50. 004 13.83% 33 33%
0. 00 13.50%

AVERAGE EH OF INLET WIND AVERAGE EH OF OUTLET WIND

Celdek W. wool
Average values

78.80%
0.012
0.172
4.699
0.875
9.036
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vaporative cooling pad from the 1i1ores o

1ypnaene thebaica (Wood w00

pad) could be a better cooling pad considering the local Sahelian context
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, W = humudity ratio, kg of air/kg of water; ha;, ha, = inlet and outlet enthalpy of air, kJ/kg ot dry air; hw = enthalpy of water, kJ/kg of dry air; Tgy1, Tap2 =

inlet and outlet dry bulb temperature, °C; T, = wet bulb temperature, °C ; Cpa specific heat capacity of air ; pa = actual density of dry air, Kg/m?; Ap, = log mean mass density difference of water vapour, Kg/m®’; As = to-
tal wetted surface area of the pad used, m*; AT = log mean temperature difference, °C; P pump and P fan = fan/blower and pump power; M motor = Motor efficiency; APv = pressure drop.



