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A Valuation and Improvement of Industrial Ventilation System of Printing Processin Synthetic L eather
Factory using Dimethylformamide
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In the recent vyears, heath effect of
dimethylformamide(DMF) has been one of critica industria
hygiene issues. There might be many factors to increase the
exposure level of DMF. Among those factors, industrial
ventilation would be one of the main factors. In this study,
indugtrid ventilation systems of printing processes in synthetic
leather factories were thoroughly surveyed and the improved
ventilation systems were proposed. 7 synthetic legther factories
were sdected for this Sudy. After the ventilation systems were
visualy inspected, each component of the sysem was tested by
using the appropriate instruments. Hood face velocities, fan
exhaud flow rates, fan satic pressures, fan rotation rates, eic
were messured. In addition, flow visudization techniques were
used to obsarve flow patten around hoods and ingde the factory
buildings. After gathering al qualitative and quantitative
information, the test results were analysed to see if any
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improvement might be necessary. For the system to be
improved, the re-design plans were made by using
computationd fluid dynamics softwares. The softwares used in
this sudy were AIRPAK and STAR-CD. The effectiveness of
the severd improvement options were tested, then the best cost
effective option was sdected. Findly, the standard ventilation
systems were proposed to minimize the exposure levels of
DMF
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Fig. 1. Synthetic leather manufacturing processes
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Fig. 2. Gravure printer M/C
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Table 1. Fan test results
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Fan Volumeflow ratg(n/min) Sttic pressure(mmAQ) Rotationd rate(rpm) Fen

NO.  Dedged Memured Raio%) Desgned Memsred Raio%) Desgned Messred — Ratio(%) type

#1 250 289 116 230 234 &4 1650 1,600 97 Turbo
# 500 35 65 230 298 130 1,750 1650 A Turbo
#3 800 385 48 220 280 127 1130 1,100 97 Turbo
#A 500 21 58 200 211 10 1,400 1,360 97 Turbo
#H 500 474 9% 200 145 73 1,400 1,390 9 Turbo
#6 650 47 66 200 220 10 1,778 1690 9% Turbo
74 500 19 24 250 260 104 1500 1,480 9 Turbo
#3 280 77 28 60 6 10 450 310 69 Srocoo
#9 280 164 59 60 6 10 450 3% 72 Srocoo
#10 300 48 16 70 5 7 600 420 70 Srocoo
#1 300 46 15 70 5 7 600 435 73 Srocoo
#12 200 168 82 230 265 15 1,750 1,700 97 Turbo
#13 450 398 88 230 332 144 1650 1845 12 Turbo
#14 500 390 78 210 290 138 1450 1,367 A Turbo
#15 600 535 230 270 17z 1500 1500 100 Turbo
#16 245 206 &4 100 0 0] 1370 1,324 97 Turbo
#17 300 210 70 200 245 120 1450 1350 3 Turbo
#18 500 324 65 230 265 15 1,750 1,660 9% Turbo
#19 30 290 83 230 166 72 1540 1977 128 Turbo
#20 63 15 23 20 0 150 1,750 1,750 100 Srocoo
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Table 2. Measurement results of activated carbon adsorption tower pressure losses

N Volumeflow ralgm3/min) Satic pressurgmmAg) Air deaning device

N T Dsgel  Memred  Raio%)  Deiged  Memwed  Raio%)  ifferentid presire(mmAq)

i 250 280 116 280 7 @ 110

0 500 25 & 20 28 120 256

i 500 30 . 210 20 138 210

" 600 535 & 20 270 17 190
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(b) Hopper type exhaust hood inddled

Fig. 7. Control volumes and hood informations for computational modelling
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Table 3. Boundary conditions for computational modeling

Classfications Boundary conditions Remaks
Sourceposiion(size mmi Printer M/C vesd qurface The Samecondition
posion3z& (wicth 1800 length 500) asthesite
Contaminant Source _ _
Contaminant Source conoantration 10
(opm, SF6 gee)
Uppermiti Hoodsize(mm) wicth 1800 length 200 Reldinoste
dois
hood \Volumeflow ratg(m/min) 20 Desgned
. Yot veoaty(m/s) 10 -
Exhaudtion hood .
Horper Hoodsize wicth 100 lengh 1,800 Ff‘\'ﬂ.er”“te
exhaudion , _
hood Volumeflow rae(m/min) 0, 50, 70 Desgned
Hood velocity(m/s) 0, 25,32 -
() Hoppe exhaust hood not ingalled (b) 50 mf/min (C) 70m¥/min

Fig. 8. Modeling results with the different exhaust rates of hopper exhaust hoods
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Table 4. Designed exhaust flow rates of gravure printer M/C

Modding condition Designed exhaust
Exhaudion Hood Volume Printer vesd flow rate per length of
flow rete(me/mir) length(m) the printer vessdl(m/min/m)

Upper muti dot hood 20 18 11(=15)

Hopper exhaudion hood 70 39(=40)
N Ny
slir:;;i;g /é Z;z:ﬁun hood /

(a) Beforeflangeingtalled (b) After flangeinstalled

Fig. 9. Control volumes and hood informations for computational modelling
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Table 5. Boundary conditions for computational modeling

>
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Classfications Boundary conditions Remarks
N Printer M/C vesd surface The Samecondition
Polluion Ocaurrence position(sz, mim) (wicth 1800 lengh 500) asthesie
ource
occurrence Pollution source concertretion 10
(ppm, SF6 ges)
. . Reflect thesite
Upper multi sze(mm) wickh 1,800 length 500 environment
dots
hood Volumeflow ragm/min) 20 Designed
Sot apening velocity(m 10 -
Exhaustion hood cpeirg oy I
Printer vesd i ; ; et thegte
ot Opening aurfacesze wicth 100 length 1,800 i
exhausion  \gumefiow rate{imin) % Designed
hood  ~ringarfaeveodiy(mig 32 i
Pintervesd gt gze(mm) (wicth 20 length 1,800) 4ea Designed
reat
exhaustion  \gumefiow rate(nimin) 13 Designed
hood Satvelodty(m9 5 i

(9) Printer vesssl exhaustion hood not ntalled (b) Flangenat installed (C) Aangeingtaled DMF Corc.
Fig. 10. Modeling results according to condition change of printer vessel exhaustion hoods
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Table 6. Designed exhaustion flow rate of exhaustion hood of gravure printer M/C

Maodding condition Designed exhaustionflow
Exhaustion Hood Volume Printer vessd rate per length of the printer
flow rete(nr¥lmin) length(m) vessd (Pminim)
Upper muiti dot hood 20 18 11(=15)
Printer vesd front _
exhaustion hood % 18 19(=20)
Printer vesH rear '
exheustion hood 43 18 24(=25)

upper multi =lot Hood ‘

Fig. 11. Cleaning processes of gravure printer M/C

upper multi slot
hood

general ventilation
exhaustion hood
(20w /minvea) \

gravure printer M/C

(8) Generdl vertilation not ingtalled

(b) Gengrdl ventilation indtalled

Fig. 12. Control volumes and hood informations for computational modelling



DMFE AHgshs @S 278 129l

>

A7 A2 7B R 125

Table 7. Boundary conditions for computational modeling

Classfications Boundary conditions Remarks
o , The Samecondition
Pollution Ooccurrenceposition Printer M/C surface stheste
ource
oocurrence Occurrence position(size, mm) 100
. Reflect theste
Upper muti Sze(mm) wickh 1,800 length 200 environment
doais
hood  Volumefiow rate(mimin) 20 (per printer M/C) Desgned
Sot opening velocity(m 10 -
Exhaudtion hood g et —
Exhaugion . . . Reflect thegte
ood Opening aurfacesize width500 length500 awir
for — vaumeflow rate(miimin) 100 Designed
Vertilaion "y aveveodiy(mig 7 i

DMF Conc.
{ppm)
100

(8 Generd vertilation not ingtalled

(b) Generd vertilation indalled (300m3/min) DMF Conc.

Fig. 13. Modeling results according to condition change of gravure printer M/C general ventilations
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