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A Basic Study on Particle Distribution Characteristics
of Rotary Mist Spraying Device
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Abstract. The purpose of this study is to analyze the distribution characteristics of mist spray particle size by devis-
ing a rotary mist spraying device to develop the evaporative salt water desalination system. The rotary mist spraying
device was consisted of a BLDC sirocco fan, a spinning fan, a fan fixed shaft and a salt water supply device etc. In
this study we analyzed the characteristics of spray particle size and distribution according to the variation of sirocco
fan surface roughness(Ra, um), revolutions(rpm) and salt water flow rate(mL/min). When sirocco fan surface rough-
ness(Ra) was in the range of 0.27~7.65 pum, the spray particle size was 0.117~1.360 pm. And then more than 90% of
spray particles were found to be less than 0.50 pm. When sirocco fan surface roughness(Ra) was in the range of
12.70~22.84 um, the spray particle size was 2.51~184.79 um and more than 98% of spray particles were found to be
less than 13.59 pm. To analyze the effect of fan rotation speed on the size and distribution of spray particles, when
surface roughness Ra was fixed 0.27 um and fan rotation speed and salt water flow rate was respectively changed at
3,800~5,600 rpm and 2.77~8.28 mL/min, spray particle size was 0.341~0.541 um. And when salt water flow rate
was 9.74 mL/min and fan rotation speed was 3,800~5,200 rpm, spray particle size was in the range of
29.29~341.46 um and in case of 5,600 rpm more than 98.23% of spray particles were in the range of 2.51~13.59 pum.

Additional key words : desalination, spraying, salt water, particle distribution

N o2

Az gelueie s sl o] Ak
97} AF WS o} FPEF FHol 4R 5
o, B3 7HAE FYES Fust olele) @A
2 MBS Agslel olgsn gk oItk Az
AR 5 iR A 2viE B TEsee
A A7} ool glor], A YR
HlE el PRl AT 53] Sl 5
Aroz AAHeln Adbsd FUES Fu ol
slesjole @), tiRRel AL A Gt
o} $USFE FHTS] He] 4 MBS Agslel
AL P BYSE S EE A4S W5
sfate] FYahe o] wigsict.

o

r e

*Corresponding author: ysryou@korea.kr
Received September 10, 2019; Revised October 27, 2019;
Accepted October 30,2019

454

.
B, BEH, AR, A7IFAN ol sler, A Al
Aoz sireErst ZHES] 95%E GNFEIHY F
AL F= AR ARESE] 917

osmosis)°] 7FF ZA1Z< Qom,
1BS Akshe o &8ss HE-2 ofF $1.0 F=olot.
b AlEAl AAEET e

T PIEHES gkl ot o] e w55
=7 A" A4 BAE 7 o) dRkdo = 3§
o] G 9F 35000 ppm oM, PHEAHE o)&-
sto] gE e =W FdE sl 40% =0t
9E ESH, YA 60%= 9F 70,000 ppme] 5
7} skl "tk o)9f e HESE uigE oA

HiESHE Zlo] QuREQ) el HEge] WAl Fw

AT (reverse
[e]

Protected Horticulture and Plant Factory, Vol. 28, No. 4, 2019



IAE vAAL AL QA 2 S0 #RE 7

Slara=rst SWE I s As=rt =okd 7t A
EE7F oA aFEiAlel FEFS mE

T Q7] Wil diat st SMEdME olE
1 FFT wjSHRto] wlEE|ojo} gt

AR QA8 Hrsteld w9875 SHst
A} P PRl sk w5 A2t o)
3] 2 EAZ diFddy & 5 o s55E Uz
A7RA] Errete] uidel BE]7lels AUAA B2 BlE
o] WSl A Srstr] ofH7] el wet
A GAslE BEEskele] ARgsl] AsiMe aeF]l
&5 g Wkte] midE oo} it}

by FHZ SojX GRS @t WHS 29
2 FEste] Aglshs Wit A7Eal vk &, 12K
o2 AT Brett, 2008; Lee, 2011)08 E4E
Akslar, FARESPHOIA Iske B xR
AL YR Ajste] Bt o] AAHoR d
£ A= R olth(Brandon, 2008; Song, 2014).

AL SEYPHS F2 A5E 249 IS fsiA
ARgEE A9 Bor, E3] A =(Nam, 1998;
Nam, 2011), EZA]2E(Yoon, 1998; Kim, 1999) 5]
2 YA E E=YdF] Be AT A7 AL
S 54 2 Yraye] Bt 4 (Kim, 2010)0] %
oL Ut

EETE AR SEHoE Asly g9E Akl
AeME 1 FF57F ARA GA TR T U=

2 E52 N HEE BEsledolr e d B3

_

.
SE e gEe uEd 29 24 B9 oG
5o TSI Q7] W] uHA wBY ol§F B
pge Paol w2 Bl Fo| Mush WSl
A e Aoz UelA ok

k)
T

A o] ApeME WA AAZ AR A

B Fele) 1% WA $55E FEAA i
FEL olg3le] MAYAR Vo BABKE e 3

Hlel ¥EAAE nekeiRlen, ok e HWE A
W B Glold @5 FHE, B a5 1elm
A EEzEA BE B4 270 Wag 434
o= s Sk
e X wy

28 PAYA FRRAE Fig. 194 B nig} 2
o] Zgkelglom, s sjdo] FPsd Azl glo] 1
%S BAS, 15 2T Aol FHEe
Qe A Qe B FAIGor], 1Y
AN GrFINE 958 1=A B

7] BFor HAISA

o
B
2
RS

Ao -A =25, M2sd M4 20194

B

A7

oje} o] HAE I)AF wAYA} BFFH 9 st
dE= AN 3" Gt Z2w7) B s
ARNA 1A 02 EplEe] YFko g 27 BA
A FFET 1 geddle FFE 997 ) H4
A o 2R JRIE gESoiR|aL, o]9} o] AjAdH
2k JAks AlZFe] v} ekl AXE o
Fo] AlZ2=3 el FRAEA O mAIgE YA
o] 5o ESTE the] 3719k Al BAPL o]Fo]
Ztt.

Fig. 12} Zo] AZe 318 wAgal g1 &
F5498 7Hs] fstke AW SAF, AeeaE 18
I AEE W ouleEe] FAxReE W AP By
Ape] A7) wE RE 545 45134 Table 1 914

= HRe} o] ARAES vlEsIth. 2] 246
st AP VIRAES Bl Ha 2 HuAE
Asidor, M 5= AW HEZH7(Table 5)E ©]
83t 3,800~5,600rpme] HLolA SHAR IHFE
F7HAZ B9 wst 545 w48k

Fig. 19] 3ol dx)1" Al23 912 BLDC(Brushless
Direct Current) type ©]™, Table 204 Hi= nle} o]
AJe] 8~12V 74A] 5 GAR WHlsh= w9t W] I
FE 3,800~5,600rpm 71| ZMZ 0w Z7)Eledc).

AFTFHS FHIZ(Table 3)S ol&sle] A3
i1, 2.77~19.70mL/min &] HIA 8 SAZ TFHS
S7MAAZ BREPAe] wWgt 548 B4 eH, A
23 o] FUERTE Table 1904 He wlel o
3.78~22.84um ] HLlelX 8 GAR wW ALIE Wt

" o
o

y
i‘n‘i’

N

l salt water supply

< salt water supply device

fan fixed shaft— = st s

« Y — spinning fan

|l
IRl it

- sirocco fan

Fig. 1. Rotary mist spraying device.
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Table 1. Experimental plan to find out mist spraying characteristics of rotary mist spraying device.
Item Experiment range Remarks
Fan speed(rpm) 3,800~5,600* S steps
Salt water supply rate(mL/min) 2.77~19.70** 8 steps
Surface roughness[Ra(pm)] of sirocco fan 0.27~22.84*** 8 steps
* 3800, 4300, 4800, 5200, 5600rpm
**2.77,5.48, 8.28,9.74, 11.20, 14.07, 16.77, 19.70mL/min
*** (.27, 3.78, 4.34, 4.62, 5.38, 6.34, 7.65, 12.71, 22.84um
Table 2. Variation of rotational speed according to voltage in A|AZP vl Age wE BEEQix) B E BEAsiyTh
BLDC sirocco fan. o]9} Zo] W IHGF, AG5FFH 18 A== W vt

Item 1%step 2step 39step 4"step 5" step
Voltage 8 9 10 11 12
Revolution 3605 4300 4800 5200 5,600
(rpm)

Table 3. Specification of metering pump.

g FuxEe] wsle wE ERQRle] ExEA
walr| 9t EF-UR S A, A, EERTA
aga A S|Hg -] 58 ARESI e, RIS A%k
S Table 4, Table 5, Table 6 oA HE vl} 2T}

Items Specification Remarks
Model 520S (Watson Malow, UK)
Operating method Peristaltics
Speed (rpm) 0.1~220 5~70
Flow rate (mL/min) 0.004~3,300 1.38~19.70
Table 4. Specification of mist particle measuring apparatus.
Items Specification Remarks
Model Malvern SPRAYTEC (Malvern Instrument, UK)
Measurement principle Laser diffraction
Size range 0.1~2,000pm
Maximum acquisition rate Continuous mode : 1 Hz
Accuracy Better than + 1%
Operation temperature 15~40°C
Operation humidity 35%~80% RH
Table 5. Specification of surface roughness(Ra) measuring apparatus.
Items Specification Remarks
Model SJ-210(Mitutoyo, Japan)
Measuring range -200~ +160pm 360pum
Resolution 0.0256pum
Stylus material Diamond
Tip radius Spum
Measuring force 4 mN
Radius os skid curvature 40 mm
Operation temperature 5~40°C
Operation humidity 85% or below RH
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Table 6. Specification of BLDC sirocco fan speed controller.
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Items Specification Remarks
Model DC Power Supply PS-305DM(China)
Input power 1101220 V
Output voltage 0~30 V (adjustable) 0.1V
Oouput current 0~5 A (adjustable) 0.1 A
Display acuracy +1%

Mist particle

measuring apparatus Metering pump

I

Rotary mist
spraying device

<.

Salt water tank

Fan speed controller

Fig. 2. Experimental device to analyze the size and distribution of
particles discharged from rotary mist spraying device.
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Table 7. Variation of extinction lifetime and falling distance of sprayed droplet when spray particle size is fixed at 10, 20, 30um and

relative humidity is 50%.

Sp(um) Tos(°C) RH(%) Tws(°C) Epr(sec) Fp(cm)
10 15 50 9.67 0.235 0.035
20 15 50 9.67 0.938 0.563
30 15 50 9.67 2.111 2.849
10 20 50 13.78 0.201 0.030
20 20 50 13.78 0.804 0.482
30 20 50 13.78 1.809 2.442
10 25 50 17.81 0.174 0.026
20 25 50 17.81 0.695 0.417
30 25 50 17.81 1.565 2.122
10 30 50 22.00 0.156 0.023
20 30 50 22.00 0.625 0.375
30 30 50 22.00 1.406 1.898
10 35 50 26.14 0.141 0.021
20 35 50 26.14 0.564 0.339
30 35 50 26.14 1.270 1.714
10 40 50 30.31 0.129 0.019
20 40 50 30.31 0.516 0.310
30 40 50 30.31 1.161 1.567

Sp(um) : Spray particle size, Tpp(°C) : Dry bulb temperature, RH(%) : Relative humidity
Tws(°C) : Wet bulb temperature, E;r(sec) : Extinction lifetime, Fp(cm) : Falling distance
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Fig. 3. Cumulative number(%) according to spray particle
size in the range of Ra = 0.27~7.65um when BLDC
sirocco fan revolution is 5,600 rpm and salt water supply
rate is 19.70mL/min.
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Fig. 4. Number frequency(%) according to spray particle
size in the range of Ra = 0.27~7.65um when BLDC
sirocco fan revolution is 5,600rpm and salt water supply
rate is 19.70mL/min.
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Fig. 5. Cumulative number(%) according to spray particle
size in the range of Ra = 12.70~22.84um when BLDC
sirocco fan revolution is 5,600rpm and salt water supply
rate is 19.70mL/min.
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Fig. 6. Number frequency(%) according to spray particle
size in the range of Ra = 12.70~22.84um when revolution
of BLDC sirocco fan is 5,600rpm and salt water supply
rate is 19.70mL/min.
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Table 8. Cumulative number(%) according to spray particle size in the range of Revolution of BLDC sirocco fan =
3,800~5,600rpm when Ra is 0.27um and salt water supply rate is 2.77~8.28mL/min.

Cumulative number(%) of spray particle

Spray particle size(pm)

3,800 rpm 4,400 rpm 4,800 rpm 5,200 rpm 5,600 rpm
0.341 0.00 0.00 0.00 0.00 0.00
0.398 19.25 29.28 17.20 21.51 2.77
0.464 98.74 99.16 98.96 99.03 85.19
0.541 100.00 100.00 100.00 100.00 100.00
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