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EFFECTS OF AN INDOOR COOLING SYSTEM USING MIST FANS
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Ambulance transports due to heat stroke
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750W high-pressure water pump can spray 3500 ISO 7243 “Heat Stress Standard”

240liters/h from100 nozzles. Evaporative o . - . L .
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However, temperature drop is limited to wet
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In Japan, wet bulb depression is about 7K in Droptet dameter () standard does not work. average among 141 surveyed people Blown air 80me/min
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Evaporation : : Mie Prefecture, Japan

cooling y/ e Weather:
A | A Sunny
Blown Air THER | - s Air temperature 26~28°C : .
320m>/min L A B Val - Humidity 42-45% . .then cooled air descends into

workspace, no wetting (usually)
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Characteristics of the indoor space: Densest mist
« 40,000m? floor space, 500,000m? air volume evaporates
Natural ventilation above work
Droplet Sauter Mean Diameter  ds, = 25um 1 pump supplies 6 mist fans Open vehicle doors, windows on all sides space..

Area of cooling with oscillation : Approx. 4000m?2 Pressure_= 6MPa No dividing walls
Spray volume = 510¢/h
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Daily operating cost (6 fans, water + electric) : 3500yen Seaife pesEr = 7505 Low worker density, mostly dry storage space
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Temperature and humidity measurements throughout oscillation area Heated skin analogue to measure heat flux change due to mist

No fan, no mist should yield: 0 N
* Natural convection baseline Fan and Mist should yield: o Silicone rubber
* Temperature decrease / humidity increase N el " Four 0.4mm sheets
* Larger heat flux | ///’;’;% \ Heat flux sensor 1
' ‘ ‘ ‘ o 4 & Heat flux sensor 2

. Sto //"// \‘": “I‘-‘ ‘I"E &
Fan only| Stop Fan and mist | Stop @p Fan only; etc. '= '= ;

~

Temperature / Humidity Mist

> (thermistor / capacitive)

Insulation”

| T skin

Fan inlet Avg. wind speed Slow response Heater ||| ~3E°
10 15 25 30 39 40 198~2.44 r‘:lls Record interval: 20s Control S 34~35°C

' i Heater 34.4°C $FLIR
Elapsed time (min) o o (Set temp)
Move heat flux SEensor, Oscillation angle 45 ™~ Magnets to fix 9cm X dcm heat

Oscillation period 50s Temperature
' bber sheet fl
Change fan settings, Unshielded thermocouple — rubber sheets erixbzzzzgﬁnder

Start next trial Temp/Humidity sensor J ' Indoor (T-type) 5 Mo SnEEn en e A I layer of silicone

Total of 16 trials over 2 days Thermocouple Environment Fast response S | lover of Silec
Globe thermometer Record interval: 1s

Fan only should yield:
* No temperature / humidity change
 Forced convection heat flux only

o Oscillating fan, 2014/9/21 centerline Oscillating fan example  Testruns | 1through6 | 11 through 16 2014/9/21 Case 1, 10m from fan, center
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Heat Elux by, Ean only vs. Fan +Mist Wouldhumidity rise be toorhigh? Conclusion's

Fan and Mist
effect

Conditions Fan only Fan and Mist Fan effect

Heat flux (W/m?) Heat flux (W/m?) (W/m?) a4y
Before | Avg | Peak Before | Avg | Peak Avg Peak
67 | 93 | 112 | 80 | 109 | 134 | +26 | +45 \ ot F+qY, —qY
75 99 135 76 110 166 +24 + 60
73 98 114 72 105 126 +25 +41
67 90 120 66 100 144 +23 + 53
73 96 106 77 108 127 +23 + 33
73 97 117 75 105 138 +23 +44
89 176 87 179 189 +72 + 87
80 143 75 144 155 +51 + 64
73 153 77 179 190 +70 + 80
74 174 73 237 262 + 81 + 100
73 152 65 108 171 + 31 +78
59 144 60 108 | 191 +33 + 85 Initial water = Water vapor at Rel. Humidity

_ Initial air
65 120 70 107 | 137 + 30 +55 Air exchanges vapor steady—state at steady-

66 135 | 68 | 109 | 169 | +29 | +69 Sl (e/ke) (e/ke) state
75 118 76 | 114 | 133 | +30 | +43
81 133 82 | 119 | 158 | +24 | +52
73 134 74 | 128 | 162 | +37 | +62
Added mist effect (above fan only)
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