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Abstract This article studies the possibility of using heat
pump instead of cooling tower to decrease temperature and
recover waste heat of circulating cooling water of power
system. Making use of heat transfer theory the article
carried on analysis and calculation about recoverable waste
heat of circulating cooling water in hot-stamping power
system which includes hot-stamping, closing-in and
extrusion intermediate frequency induction furnace. The
results show that the whole process can recover a calorie
which is 2.642 x 10° kJ per hour. Using the recycled
calories can make 15.82 tons hot water per hour which
is 60 °C. So it can reduce burning capacity of coal
180.29 kg/h. The hot water can provide the needed water
for production and workers bathing. This research shows
that using heat pump to recover the waste heat of circu-
lating cooling water is effectual. Realizing the use of waste
heat, it can reduce pollution of condensing heat, reduce
operating cost and noise of cooling tower, reduce site and
the occupation of equipment, improve the production
efficiency, and can also save the natural resources (fossil
fuel-coal) and reduce the cost of needed hot water
production.
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Preface

With rapid growth of the economy, the contradiction
between supply and demand of energy is becoming more
and more prominent, government of all countries in the
world attaches great importance to energy saving and
emission reduction. The target of realizing energy saving
and emission reduction, improving energy -efficiency
mainly depends on the industry field. China is in the middle
or later stage of industrialization, industry is the main
energy consumption field and also main emission source of
pollutant. Energy consumption of industrial field in China
accounts for about 70 % of the total national energy con-
sumption. Unit energy consumption of main industrial
product in China is 30 % higher than the international
advanced level. Chinese energy utilization rate is only
about 33 % and it is 10 % lower than developed countries.
There is at least 50 % of industrial energy which is dis-
carded in a variety of forms in China. Therefore from
another angle, Chinese industrial exhaust heat is abundant,
widely exists in industrial production. Waste-heat resource
accounts for about 17-67 % of the total fuel consumption,
recovery rate of waste heat reaches about 60 %, and waste
heat of cooling medium which is a part of low-and-medium
temperature waste-heat accounts for 20 % of the total
industrial waste heat resources (Lian et al. 2011; Li and
Zhou 2007; Spoelstra et al. 2002; Zhou et al. 2002).

Liao Shen Industries Group CO.LTD needs a large
number of recirculating cooling water to ensure hot-stamp-
ing production run smoothly. Formerly, they used cooling
tower to cool water. In the process of cooling waste heat
emitted into atmosphere directly, it not only creates squander
but also causes thermal pollution. In response to energy
conservation and emission reduction policy of chinese
government, realizing the comprehensive utilization of
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energy, Liao Shen Industries Group decides to update the
technology on condition that do not affect properties of
original production, will use heat pump to cool recirculating
cooling water of hot-stamping dynamic system.

This article did research and analyse about recoverable
waste heat of circulating cooling water in hot-stamping
power system of Liao Shen Industries Group. The results
can make preparation for designment of waste-heat
recovery system and selection of equipment.

Analysis of production process
The original production process

Put roughcast which weighs 32 kg into intermediate fre-
quency induction furnace to heat to 1,200 °C. Then three
hydraulic presses separately complete techniques of cup-
ping, punching and stretching, temperature of workpiece
get down to 970 °C. After punch forming, workpiece
should be inspected whether its wall thickness and shape
meet the requirements, otherwise workshop should stop the
production to check and adjust facilities. After workpiece
passes inspection, put it in the air to cool until below
200 °C, remove its oxide skin to prepare for closing-in
technology. Before the closing-in technology, workers put
workpiece into intermediate frequency induction furnace to
heat to 1,200 °C. After closing-in technology, the tem-
perature of workpiece is downed to 800 °C, so workpiece
needs to heat to 1,200 °C again in intermediate frequency
induction furnace to prepare for warm extrusion technol-
ogy. Through closing-in and warm extrusion technology
workpiece attains the required shape and properties.

The improved production process

On the basis of original production process use three sta-
tions oil press to substitute for three hydraulic presses,
make techniques of cupping, punching and stretching fin-
ished in a three stations oil press. So it not only reduces
floor space, shortens working hours, but also cuts down
energy consumption. Collation map of original production
process and improved production process is shown as in
Fig. 1. The part of double dots line is an improved pro-
duction process that is different from the original produc-
tion process. Their marked difference is different demand
of temperature.

Through analysis of the new production process can
know that the whole power system includes three stations
oil press, intermediate frequency induction furnace of hot-
stamping, intermediate frequency induction furnace of
closing-in and intermediate frequency induction furnace of
warm extrusion.
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Analysis of power system

The workpiece is heated by intermediate frequency
induction furnace which can satisfy the different tempera-
ture requirement of technology. The temperature of circu-
lating cooling water which is used to cool electric source
and furnace body is rising constantly in heating process. In
order to guarantee normal operation of the heating units,
the circulating water should be cooled down timely. In the
original production process cooling water is used to cool
circulating water. This method is inevitably influenced by
nature temperature, which cannot be controlled steadily
and cannot achieve the aim of controlling temperature
accurately and efficiently (Lu 2011; Hui 2011). In order to
protect environment and save water, workshop intends to
use heat pump to extract and use the heat of circulating
cooling water.

The heated workpiece is stamped by oil press; through
subsequent finish machining operations workpiece gets
required shape and properties. Temperature of fuel tank is
rising constantly in cyclic process. If oil temperature is
exorbitant, it can reduce the viscosity of oil, makes oil
leakage quicker, accelerates detrition of component part
and oxidization of oil, and even affects normal work of the
system (Wang et al. 2005; Li and Zhang 2010). So worker
should pay more attention to maintain the normal operation
of the cooling system, control temperature of pressure oil,
stabilize pressure of oil, prolong service time of oil,
increased efficiency of mechanical lubrication and decrease
detrition.

Analysis and calculation of recoverable waste heat
in power system

Needs and pressure of circulating water is shown in the
Table 1.

In the production power of intermediate frequency
induction furnace mainly used for heating workpiece,
temperature rise of circulating water, self-heating of med-
ium frequency power supply. Total heat of induction coil is
from two parts, one produced when current passes through
induction coil, the other is from heated roughcast whose
heat crosses over furnace liner to induction coil.

Hot-stamping

(1) Circulating water of intermediate frequency induction
coil mainly depends on the convection heat transfer hap-
pened when water flows in the tube to cool induction coil.

Mass flow of water is 80 t/h that is 22.22 kg/s. Induction
coil has 25 turns, mass flow (g,,) of every turn is 0.889 kg/s.
Induction coil is a square pipe which is 20 mm x 25 mm,
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Table 1 Needs and pressure of circulating water in different technology
Productive Rated power of Equipment Water Water
technology intermediate frequency yield pressure
induction furnace (kW) (t/h) (Mpa)
Hot-stamping 2,000 Medium frequency power supply 20 0.4
Intermediate frequency induction coil 80 0.4
Three stations oil press 100 0.4
Closing-in 1,000 Medium frequency power supply 10 0.4
Intermediate frequency induction coil 40 0.4
Warm extrusion 500 Medium frequency power supply 2.5 0.4
Intermediate frequency induction coil 10 0.4

wall thickness of coil is 2.5 mm. Coil is helical, diameter
(D) is 180 mm. Inlet temperature (¢;) of water in coil is
20 °C, pipe surface temperature (t,,) of coil is kept at 60 °C.
The calculation about outlet temperature (¢,) of water and
heat release (@) of coil is shown as follows (Chen et al. 2002;
Chen et al. 2011, b; Wang 2001; Verzicco 2004; Ma 2008;
Jeong 2009; Dogruoz 2010; Aziz 2012; Lei and Bengt 2006).
Size of coil is shown as the Fig. 2 which designed in the light
of actual production needs. Figure 2 shows 3 turns of
induction coil.

Physical parameter of water at 25 °C is shown as
follows.

2 =0.609 W/(mK) c,=4179J/(kg:K)
n=902.75 x 107®Pas Pr=6.22

Thermal conductivity (/) is the quantity of heat
transmitted through a unit thickness in a direction normal
to a surface of unit area, due to a unit temperature gradient
under steady-state conditions. Specific heat capacity (c;) is
defined as the heat required to raise unit mass of substance
by one degree of temperature. Dynamic viscosity (#) is the
coefficient of internal friction of fluid. Prandtl Number (Pr)
is a dimensionless number approximating the ratio of
momentum diffusivity and thermal diffusivity. Reynolds
number (Re) is a dimensionless number that gives a
measure of the ratio of inertial forces to viscous forces and
consequently quantifies the relative importance of these
two types of forces for given flow conditions. Nusselt

2,25; io_
=
=

- 90 —
»

Fig. 2 Size of intermediate frequency induction coil

J

=

]

number (Nu) is the ratio of convective to conductive heat
transfer across the boundary. Heat transfer coefficient (h),
in thermodynamics and in mechanical and chemical
engineering, is used in calculating the heat transfer,
typically by convection or phase change between a fluid
and a solid.

" coil is a square pipe

1
44, =22.22 mm (1)

.. equivalent diameter d, =

A. is the sectional area of coil, P is the sectional
perimeter of coil.
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_ 4am

‘"Re =
nd.n

= 5.64 x 10* > 10* (2)

.". This problem belongs to turbulent heat transfer.

D
g, = 5= = 25.449 <60 (3)

e

.. It needs to introduce a correction factor c;

d 0.7
=1+(73> = 1.1047 (4)

- coil is helical

.. It needs to introduce a correction factor c,
3
de
)

Do not consider
temperature, ¢, = 1

Nu = 0.023Re*Pr%“¢;c,c, = 385.317 (6)

compensating of difference in

h=Nudj, =10560.668 W/(m*K) )

hP
Outlet temperature: t, =t,, — (f,, — t)exp (— —l)
qmCp

= 2478 °C (8)

Heat release of coil: ¢ = ng,,c,(tx — 1)
=4.438 x 10° W 9)

It can extract quantity of heat (Q;) from circulating
water of hot-stamping induction coil per hour.

Q1 = ¢ xt=1598 x 10° KJ (10)

When designing the circulation loop of medium
frequency power supply required that circulating
cooling water of converter and capacitor should take
away 7.5 and 1.5 % of total power. Namely, cooling
system of power supply should take away 9 % of total
power (Li 2007).

It can extract quantity of heat (Q,) from circulating
water of power supply per hour.

0>, =P, x t x 9% =2000kW x 3600s x 9%
=6.480 x 10° KJ (11)

(2) trimming die of oil press and mould cooling

Through site investigation, the temperature of circulat-
ing water rises about 4 °C per hour of oil press and mould
cooling.

It can extract quantity of heat (Q3) from circulating
water per hour.
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0;=C x m X At
=41797J/(kg°C) x 1 x 10°kg x 4°C
=1.672 x 10°KJ (12)

Closing-in technology

Similarly, outlet temperature (#,) of water and heat release
(®) of coil can be calculated.

h
=ty — (t, — 11)exp (— P z) = 24.60 °C (13)
CIme
¢ = ngue,(th — 1) =2.136 x 10° W (14)

It can extract quantity of heat (Q4) from circulating
water of closing-in induction coil per hour.

Qy=¢ xt=1768 x 10° KJ (15)
According to the requirement that the cooling system of
power supply should take away 9 % of total power. It can

extract quantity of heat (Qs) from circulating water of
power supply per hour.

Qs =P, x t x 9% =1000kW x 3600s x 9%
=3.240 x 10° KJ (16)

Warm extrusion technology

Similarly, outlet temperature (#,) of water and heat release
(®) of coil can be calculated.

h
t =t — (t, — 11)exp ( P 1) — 25.63°C (17)
qmCp
¢ = ngme,(t — 1) = 6.541 x 10* W (18)

It can extract quantity of heat (Qq) from circulating
water of warm extrusion induction coil per hour.

Qs = ¢ xt=2355 x 10°KJ (19)

According to the requirement that the cooling system of
power supply should take away 9 % of total power. It can
extract quantity of heat (Q;) from circulating water of
power supply per hour.

Q7=P; xt x 9% =500kW x 3600s x 9%
=1.620 x 10° KJ (20)

Results analysis

Due to circulating water in recycling process will inevita-
bly have loss, therefore, in the production process water
should be replenished in time. According to the site
investigation compensating water should be 0.3 tons/
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100 tons per hour. So compensating water volume should
be 0.8 t/h.

In the mixed process, temperature of compensating
water will be increased from 20 to 25 °C. In this process,
Qg heat will be taken away by compensating water per
hour.

Os=C x m x At=4.180 x 800 x 5
—1.672 x 10°KJ (21)

m: compensating water flow, 0.8 t/h or 800 kg/h. AT:
temperature difference, 5 °C.

C: specific heat capacity of 23 °C water, 4.180 kJ/
(kg °C).

Through above calculation, Q heat can be recovered
from circulating cooling water of hot-stamping power
system per hour.

0=01 + 0 + Q03 + 04+ 05 + 0s + Q07 — O
=5392 x 10°KJ (22)

According to the actual production need in heat pump
units, the type of evaporator and condenser chose the shell-
and-tube heat exchanger. The efficiency of heat exchanger
of shell-and-tube heat exchanger is commonly 0.6-0.8. In
this calculation, the efficiency of evaporator (7;) and
condenser (17,) are tentatively set at 0.7 (Guo 2009; Yang
et al. 2009; Poddar and Polley 2000).

Heat pump can recover Qo of heat from circulating
cooling water of hot-stamping power system per hour.

Qo=0Q x 1 X 1, =2.642 x 10°KJ (22)

Heat pump uses recyclable heat to heat water for
production and life; it can provide G tons of high
temperature water which is 60 °C per hour.

Qo=C x G x At (24)

G=0/(C x Ar)
—2.642 x 10°/[(4.174 x (60 — 20)] = 15.82¢

Coal consumption of boiler produces 15.82 tons water
which is 60 °C is Gj.

Gy X gxm=Cx G x At=0Qy (25)
G1=Qo/(q x n;) =2.642 x 10°/(20934 x 0.7)
Gi = 180.29 kg

G: water flow, At temperature difference. 1, 1,: efficiency
of evaporator, efficiency of condenser, C: specific heat
capacity of 40 °C water, 4.174 kJ/(kg-°C).

q: calorific value of ordinary coal, 5,000 kcal or
20,934 kJ/kg. n5: efficiency of industrial boiler, which is
commonly 0.7.

Table 2 Pollutant emissions load of industrial boiler when its com-
bust 1 ton of standard coal

COZ SOZ NXO Dust

2,620 kg 18.5 kg 74 kg 50 kg

Table 3 Decrement of pollutant emissions load in this project per
year

C02 SOZ Nxo Dust

2,418.5t 17.1t 6.8t 46.2t

One day recover 16 (T) hours (two shifts, per shift work
8 h), work 320 days per year. So it can save standard coal,
the quantity of which is about G,.

G2:G1 x T x D
= 180.29 kg/h x 16 h/day x 320 day/year
= 923100 kg/year = 923.1t/year

It can save standard coal about 923.1t per year.
According to the pollutant emissions load of the
industrial boiler when its combust 1 ton of standard coal
(as shown in Table 2), it can calculate that every year can
reduce CO, emissions load 2,418.5t, reduce SO, emissions
load 17.1t, reduce NxO emissions load 6.8t, reduce dust
emissions load 46.2t (as shown in Table 3).

Conclusions

(1) The research made analysis about recoverable waste
heat of circulating cooling water in hot-stamping
power system. Research results lay a foundation for
designing the waste-heat recovery system, and pro-
vide a basis for determining the waste-heat recovery
technology.

(2) Through analysis of recoverable waste heat of
circulating cooling water in the whole power system,
it turned out that it can recover a calorie which is
2.642 x 10° kJ per hour. Using the recycled heat it
can make 15.82 tons hot water per hour, which is
60 °C. The procreative hot water can provide the
needed water for production and workers bathing. So
it can reduce burning capacity of coal 180.29 kg/h.

(3) Every year it can reduce CO, emissions load 2,418.5t,
reduce SO, emissions load 17.1t, reduce NxO emis-
sions load 6.8t, reduce dust emissions load 46.2t.
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