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Washing Efficiency of Steam Jet Washing Process
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Abstract— The washing characteristics of steam jet heating process have been compared with other washing
processes, such as low temperature process(standard process, below 40T) and high temperature process(boiling
process, up to 95C) with the standard soil fabric, EPMA 105. Steam jet heating process showed almost the same
washing efficiency as high maximum temperature process for pig's blood and wine. This result can be explained
with the higher surface temperature of washing materials in steam jet process compared with direct boiling
process. In terms of the energy and water consumption, the steam jet washing process showed significant savings
compared with direct boiling type washing process.
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Fig. 1. Schematic diagram of testing steam drum
laundering system.
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Fig. 2. Washing liquid temperature changes of 3
washing processes.
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Table 1. Reflective Index, CV(%), and washing efficiency of the 3 washing processes

Reflective Index Washing

Process Standard soil fabrics Before | CV(%) | After | CV(%) B-A D/C Efflcolency
B | Q| & | @ (%)
Carbon black / mineral oil 25.7 0.86 440 420 18.3 488 285
Standard Chocolate / milk 36.3 0.54 64.7 1.52 284 2.81 52.9
Pig’s blood 18.4 1.97 79.8 3.08 61.4 1.56 85.7
Red wine 473 0.31 75.5 0.34 28.2 1.10 66.0
Carbon black / mineral oil 25.6 1.01 54.2 3.35 28.6 3.32 444
Steam Chocolate / milk 36.4 0.44 72.0 1.62 35.6 3.74 66.4
Pig’s blood 18.4 1.28 85.6 1.03 67.2 0.80 93.8
Red wine 473 0.25 85.2 0.38 37.9 1.52 88.8
Carbon black / mineral oil 254 1.09 60.2 1.87 34.8 1.72 53.9
Boil Chocolate / milk 36.1 245 71.4 1.64 353 0.67 65.5
Pig’s blood 18.2 2.12 85.8 091 67.6 0.43 94.2
Red wine 46.7 0.23 86.0 0.27 39.3 1.17 90.8
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Table 2. Contribution of two washing mechanism
on the washing and slope of linear part of washing
efficiency increasing rate of three washing processes

Standard 9 slope
Process soil fabrics 10071 R (% /min)
Carbon black 1\ o 11 0000 | 043
/ mineral oil
Chocolate
Standard / milk 18.3 | 1.0000 1.25
Pig’s blood 782 |1.0000| 0.62
Red wine 103.5 | 1.0000 | -0.08
Carbon black | 5 ¢ | goas0 | 073
/ mineral oil
. Chocolate .
Steam / milk 25.3 | 0.8854 0.10
Pig's blood 888 107244 | 023
Red wine 844 (09055 | 028
Carbon black | ) 3 |1 j000 | 054
/ mineral oil
Chocolate
Boil / milk 53.7 |0.9581 041
Pig’s blood 90.2 | 0.3049 0.15
Red wine 82.0 | 0.9467 0.22
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Fig. 7. Surface temperature changes of washing

materials during 3 washing processes.
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Fig. 6. Images of drum type test washing machine (a) Visible light image (b) Infrared light image after
15 minute steaming process.
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Table 3. Energy and water consumption and process time distribution of 3 washing processes

Process Standard Steaming, Boiling
Electricity consumption(Wh) 651.8 1373.7 2590.4
Washing time(min) 32 54 80
Water consumption(//Wash) 22.6 16.4 225
500 4 A =

[ Standard process
3 Boiling process
400 + S Steaming process

9
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2

g 300 {
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o 200 1

o

2
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& N H HH H

\ l
Washing time  Water Electricity

Fig. 8. Relative energy and water consumption and
process time distribution of 3 washing processes
(Standard process = 100%).

A4E B G AYRY AL(EF) T
$8) 34 A9 §dsi o] ¥ 34
gol §Ustuz o £ FHY z7]4
£ 2ok oo way 29
| 5 230 va) ymez ze
=AYt of ARz A
g S E T Agd Y o] 274%H =
Zroba Algrgo] B He 29 FE AYstH A
71 WY Eo] AAst: £ AfHez o F
ofXich £ AE Al BYT AAl= SYIEE A
g s 28 3YY AS AAY v==2 1
o sjgste whE wobxith

AHEE A7 FE AEr Y AT Agd 7t
go| AHGHT. Table 3 9 Fig. 89 HAeF 24E
Ed AL(EF) 3HE 100%=2 7|#319E o &
%] J.x%J_} "ri(é]}%) =z 40] 71—7]— 397%g} 2M11%=2

g ARl "I.Q_(/E\J- )_1_24_4

53% *201] "H% gtk & AFA AZE AE §
0}7} ¢ ﬁ}EE AZ(BE) AN AH&ste Al
31FY AY AEFE H2(RE) 34
=}

™
>
JQoN

}%

54

[>

rlr

>,
o 2

Mo o2 oft o > rlo
1o ox

au

do

40 mo o¥ 12
. o

g ;k_)‘ fr

AX FPMA 1058 AHgste 28 Ag 2
et A "‘%l Zi Hl‘%%—%h% Agds A

96 23 Gea 0o A8 U 4 Ao

1. B33 2482 34" EPMA 1056 220 9%
o A7) A Ag AL AFAFAA
ANE 7= 7HA dAYZCR d4E & Utk
% 71AH &0l Fa3A FE, 2EEH A
go &3jd ¢ e Jd= ddste FYo] F
ag A 1 AAUYEE, L9ELE 71AH Y
Ao f5ol gef HoezfE EHe 34
A2 HAUSLE 4T + U

2 A 1HAYE d&H, & A"LE: 59 &4
A B0l 4 HA B A &Y B, 11
4 29 A& AHgete] Agds ARAAA A
et 28 340l A AAE 7HEAN =
TEES) A" A Hd AEdy 2=
B2 A7 Yo 45AE = Jeng 2 oy
ARZA D2(E5) A" 343 A4S Agae

2 9 4 9
3.4 2 AUE 924, 2 AGAT 9240 ¥
& 239/90% Hagd/nygeds 3
© ARAT AR o) 54 o4 28 34
o Aagol TL(AL) FAEG ¥T AL(E
F) 3AuE w4 degos ot AgAz
o Aojo] gsf 4B 4 stk
ZALel 2
2 Q7 1GHAY AYeR Sqggon, o
o gAEgY .
o

1. W. P. Utermohlen, Jr. and E. L. Wallace,
Detergency Studies 1,2,3, Textile Res. ], 17,
670-688(1947).



AEEA MEAIAES NEES 24 79

2. W. ]. Diamond and H. Levin, Evaluation of

Soil Removal from Cotton Fabrics, Textile Res.

J., 27 787-795(1957).

. B. J. Caroll, Physical aspects of detergency,
Colloids and surfaces A: Physicochemical and
Engineering Aspects, 74, 131-167(1993).

. J. L. Bubl, "Laundering Cotton Fabric. Part
I-Effects of Detergent Type and Water
Temperature on Soil Removal", Textile Res. ].,
40, 637-643(1970).

. M. H. Seo, A. Lee, S. Jhung, S. Yang, H. Kim,
and J. Koh "Analysis of Washing Process of
Standard Soil Fabrics", Coloration Technology,
Submitted.

. E. Kissa, “Kinetics and Mechanisms of Deter-
gency. Part I-Liquid Hydrophobic(Oily) Soils”,
Textile Res. ]., 45, 736-741(1975).

7. E. Kissa, Kinetics and Mechanisms of Cotton

Dusts. Part II -Particulate Soil, Textile Res. J.,
48, 395-399(1978).

8. E. Kissa, Kinetics and Mechanisms of Cotton

Dusts. Part II-Effect of Soiling Conditions on
Particulate Soil Detergency, Textile Res. ]., 49,
384-389(1979).

9. E. Kissa, Kinetics of Oily Soil Release, Textile

Res. ], 41, 760-767(1971).

10. A. Lee, S. Yang, H. Kim and M. H. Seo,

Analysis of Washing Efficiency by Mechanical
Action Type, Proceedings of the Korean Textile
Conference, 39(2), 67-70(2006).

J. of the Korean Soc. of Dyers and Finishers, Vol. 18, No. 6(2006. 12) / 419



