Optimizing reduced energy resources to meet

finishing requirements

by Dipl.-Ing Kurt van Wersch, A. Monforts Textilmaschinen GmbH & Co. KG, Monchengladbach (Germany).

1. Abstract

Energy utilization in traditional finishing processes has to be
optimized through the use of innovative technologies. This article
describes how energy costs are incurred and how with simple
means and methods maximum energy utilization can be achieved
through the use of innovative technologies in traditional finishing
processes. Dryer configurations, minimum application processes,
measuring and control technology and fabric examples are
described.

2. Introduction

Discussing dwindling resources is no longer relevant today. No
matter how alternative energies are generated, we have to use
less energy more effectively.

The parliamentary State Secretary at the German Federal
Ministry for Economics and Technology, Dagmar Woéhrl, said
during the opening of a congress last year: “Energy is the motor
for economic growth and development worldwide. The conserva-
tive use of energy and raw materials is not only a major factor for
climate protection, but also and more particularly, an important
competitive advantage for companies and national economies.
Using resources efficiently allows you to produce more cost-effec-
tively than the competition.

The awareness that the best energy is the energy that is not
used is gaining more and more significance, particularly in the
light of the ever-increasing energy and raw material prices.”

3. Where do costs occur, and how can
they be measured?

If we consider the stenter as one of the main driers used in
textile finishing, then certain demands are made on this drier and
its configuration.

Modern stenters today should
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Have a high drying capacity.

Have good insulation.

Have variable-frequency circulating air fans.

Have variable-frequency exhaust air fans.

Be equipped with high-efficiency motors for fans, drives and
auxiliary motors.

Have long-term lubrication for the chain and require mini-
mum maintenance.

Be equipped with measuring, control and regulating elements
Have a heat recovery system.

If necessary, have an exhaust air scrubber, and
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tion. If we now consider the classic stenter drying process [Fig. 11,
we can see here how much heat energy is required to dry a damp
textile.

The damp textile web enters the stenter at production speed
and is heated up. The water is vaporized and evaporates. The
dried textile leaves the stenter with a certain residual moisture
content and at a certain temperature.

The evaporated water is absorbed by the circulating air
(=energy medium). Part of this moist air is drawn out of the
machine as exhaust air and is replaced by fresh air. This fresh air
has to be heated to drying temperature. The energy required to
evaporate the water, heat up the fresh air and compensate the
losses is supplied to the machine by the heater with the circulating
air serving as energy medium. A small part of the energy is nor-
mally fed into the system by the rotating fan blades of the circu-
lating air fans.

This can be expressed by the following formula [1]:

Q, =0.,+0, +8,. -0,

Qppen= Heoat flow for the actual drying process
with energy requirernent for heating up textile and waler,
for evaporation of the water and for superheating the
resulting steam to drying temperatune

Huat flow for healing up the fresh air fo diying femperature

vad = Heat loss flow,
o.g. radiabon via dryer walls and stenter chain

'ij.,.‘H= Heat of friction of the fan bades, benefits the process (docs not have to
be provided by heating)

The process heat flow and the heat flow to heat up the fresh
air are the most significant elements in the drying process. The
importance of the heat flow for heating up the fresh air has
already been described many times, so that here reference is
made merely to citations [2-4] on the above subject.

The process heat flow is here the most important heat flow
for which energy has to be input.

q‘lm — 1:‘_- + Qu.n * q‘-mu * Qm

p iy S ety = 1) Heating wp the lexile
Ho = My 'CH.Q'[I-; -t} Heating up the water in the teatile

Evaporation of the water (Ah, = 2260 kikg)

a
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4] L. ) Superheating of the steam (G, , = 2.0 kikg « K)
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The specific energy consumption for each application can
then be calculated using these formulae.

k  Specific energy consumption per kg evaporated water.

G2 ki rkgH.0]

o o 5600 ——
A m, (f, -,

»  Specific energy consumption per kg textile.

4, = 3600 "'fn [k Tkg Textil |
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From these calculation bases it is possible to determine the
specific energy consumption per kg textile during the drying
process in the stenter as a function of the water volume to be
evaporated (the parameter is the drying temperature). [Fig. 2]

Specific energy consumption per kg textile for the drying process
on the stenter as a function of the water volume to be evaporated
[parameter is the drying temperature)

¥ 100% Co, 1.5m, Ly, = 150°C, x, = 15 vol %
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[Fig. 2]

F  Examiple 1 f,=70%, &, = 8% Gy 2400 kg tawtila

This specific energy consumption holds true for 100% Co,
200 g/m2, 1.50 m wide.

tDu = 150°C, xD = 15 Vol %

[Fig. 3] shows the effect of a variation in the initial moisture
content. Starting point here is 70%. A reduction in the initial
moisture content results in an increase in the production speed
and a reduction in the energy consumption and production costs.
An increase naturally results in the opposite effect. Overall costs
and thermal energy have practically the same percentage relative
deviation. In summary this means first of all: The greatest contri-
bution to energy savings is made by a reduction in the initial
moisture content. Wherever possible, alternative liquor applica-
tion systems should be employed. The liquor application should
be as low as possible, but as high as necessary.

4. Examples of cost reductions during the drying
process to suit your needs

Example 1 Trouser fabric, 100% Co, 250 g/im?, 1.52 m wide
(Range: 7F stenter + condensation hotflue)

b Step1: Drying on the stenter Stain red
> Step 20 Curing on the hotflue M [EIease process
1o Inviliaal i uees 70 %
Rlezssiciusdl rmoisluns. o% Hezial ereziggy. GT4 KW wilh HR | 53 mimin
Termnpesalure, 130150 *C Eleclical eneigy. 117 KW
Fan spoed. 1450 rpm
20 Invilizal ksl e 40 %
Riezssiiusd rmoislurn:. 0% Heaal ercrgy. G50 KW wilh HR | 24 mimin
Temperalure. 1301350 "G Eleclrical eneigy. 120 KW
Fan spoed. 1450 pm
3 Invilial meoksture. 40 %
Residual moisturs: 5% Heal erergy. 392 KW wilh HR | 54 mimin
Temperature: 110/120 *C Electrical enangy: 38 KW
Fan spead: 900 rpm
Savings Fleat erergy” 418 %
at constant \ [mimin]: Clectncal energy &7 0 %

Example 1  f; =70% initial moisture content.
fy = 8% residual moisture content.
qr 2400 kl/kg textile.

Example2 1 =40% initial moisture content.

fy = 8% residual moisture content.
qr 1250 kl/kg textile

This then gives an hourly energy consumption during the
drying process of

Dyeing Printing Finishing
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Savings with 40% f, A 460 KW

The enormous influence of the initial moisture content on the
drying process is shown here again from a different perspective
for emphasis.

Influence of initial moisture content on the drying process
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[Fig. 3] shows the effect of a variation in the initial moisture content.
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In this example, only step 1 is
process without water evaporation.

considered, as step 2 is a

Drying process 1: Classic

Drying process 2: Reduced initial moisture content

Drying process 3: Reduced initial moisture content and modi-
fied machine setting.

Example 2 Terry cloth, 450 g/m?, 2.10 m wide,

30 mfmin (1701 kg fabric/h)
A. "Customer” process

1 Iyeing and washang

2. Main dovesleaing I = a1 %

A Wit inowet 1 17 %
(4% solones applicalion) [ I = 88 kgfh

4 A passage

4. Main dewatering i = o0 %
(FEITAINING SOMenar ¥ 4%, (= A0 H? K
(luss of sullener 1.6%) Gpmtsmenr = 27.22 ky'h

G onener = 120 tiyear (4400 hiyear)

& Dnying
Summary:

oW W11 LK THDLDO0 | LI2iyear produet down the dram

e pallutionl

Example 3 Terry cloth, 450 g/m?, 2.10 m wide,
30 m/min (1701 kg fabric/h)

©. Minimum application on wet fabric

1. Dwyeing and washing

2 Main dewatering f, = 9%

3. Minimum application 2 x 3% f, = 9% %

4. Airpassage not requirsd

5. Main dewatering not required

6. Drying f; = 00 %

Acdditional drying costs 35,402 EURyear
Surmmany:

» Possiblel Mo water bag, no loss of softener, no waste water pollution.
» 130,000 EURSfysar savings

= 35400 EUR/yesr sdditional drying costs
144,600 EUR/year savings

(Af = 19%) Additional costs for drying 73,022 EUR/year
(better than 180,000 EUR softener loss).



a step in the right direction. What can be avoided doesn't need to
Range for examples | -1l be disposed of, and what isn't applied doesn't need to be dried.
s Our motto is “Put need to your benefit”.
#Fazy Redesign dryers electrically (use of: frequency controllers,
' high-efficiency motors, measuring instruments). Reconcile econ-
- FEh omy and ecology (use affordable technology to reduce energy
N _;‘::’g""l“ : consumption and costs, reduce the waste water).
P2 pheckitinh Use our resources conservatively, because our children's chil-
wae dren will also need energy.
MI] :"',_; z ., =0 . " Symbels used in formulae
- : . (_‘ Trog 1 aro Absclutely dry (water content = 0)
B Width of the textle web [m}
[Fig. 4] shows the range configuration for the wet-in-wet process. Gron Spocinic themal capacity of waltr 3.2 kg K]
Ciy Specific theenal capacity of steam [2.0 kdikg K]
[ Specific thermal capacity of haxtile [1.4 klieg K]
Example 4 Denim finishing 1, Initial moSlure conlind (Ngoing msisure) | i)
i Residual moisture content (oulgoing moisture) [% wiw)
A Oncegdcd apphoation [1x ndhing lguor), only 25% rot 0% g .I".‘ CHRar oS b IlEbun SR (% wiw]
B Two-aided appleation (2 same hauar), asly 3075 nst T0% Rang ) i
Z applicatisn (2 dfersrs liquers in 1 passage) - Specific weight of Tabric web, referred o alro [kgim¥)
A e 1 skes pigmenr dyes o Ird skie Anishing favieg + Gy Safterer consumption [kgh]
0 o#g 1 de hydropholes + 2nd aides hydroptle: fraking Blav afiectn &h, Specific svagoraion haal of waler 2350 kg
M, Mass v of waler [kgim]
Sl.lﬂmﬂﬂ':
s Conmin new iisas A Mass of fresh air [kami) U
*  Be able o moee than B resd [ Mags Mo of baxble [kgi] ~<
* Save diving sheps al the same Gme MR With heat recovery Q.
v Pul need lo your el o — (rpen] =
Ghees Specific Enengy CONSUMPSON per kg wals kg M0 cq
q Specific energy consumpSon per kg texile [klileg tewtile] E
a, Heal Bow 1o haat up the fresh s [, ki, kel 5'
(=% Hisal Bow 10 heitid L 1wl (KWW, K, kel =2
. -
[ = T Hisal Bow 1o The wholh process [V, ki, kealkh) (0]
&, Heat fiow 1o heat up the texiile [K¥V. ke, kcakih] |
Q.. Frictional haat fow of the tan Blades [KWV, ki, ealih] E_
. 72
Q.. Haat Sow 10 evaporate the wabar [k, kalit, kcal'h) -
L L]
Q. Heat #ow loss [, kdh, keabh) -
[II - Hisal B 10 4 upedhieal he beam [k, kL, ksalh] Uq
a. Haat Bosy inpit [V, kA, KAl
Inkat temperature of the textile fabric wab ["C]
Oulled temperature of the texbile fabric web =]
[ Mozzie outlet lemparaure 'Sl
[N Cooling limit temperature ['Cl
L) Temparatung dxhaust air S]
[ Room bemperalung =]
W Production spaed [uimin]
Ty Eriswm conlen! af rissh air ]
Tpay Steam conben] of exhaus! ar %]
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