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Thermal Energy Lossin the Steam Valves and its Effects
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Abstract: In this study, the effects of thermal losses imstesalves for flow have been analyzed. In a

set of experiment built to achieve this, pressund aondensate values have been calculated in
different temperatures for insulated and non-irtedlacases in three different nominal diameter steam
valves. The amount of energy lost from the valudage in the natural convection conditions has been
calculated through application and use of prinaéheat transfer and fluid mechanics and equsition

of mass and energy conservation. Thermal loss icaift change and the amount of the heat

transferred from surface in 150°C steam temperdturdifferent steam velocities have been presented
in diagrams. Heat losses have been calculated ondifferent steam velocities in the cases of five

different steam temperatures and their diagrame baen arranged.
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INTRODUCTION T
(),

Pressured pipelines used in various industrial

areas such as textile, leather, chemistry, medianee \yhere the derivative is interpreted as the chamge i
insulated in order to prevent thermal losses. H@mev temperature due to a change in pressure at constant
insulation could be neglected in some componententhalpy”’. In the throttling process temperature is
such as valves and filters due to the ignoranceahfer stable as far as the ideal gases are concernekk- Jou
thermal losses at these parts. At these partsmstealhomson coefficient of water steam is positive and
goes into throttling process and a temperature drowhe_n it is throttled, its temperature drops. If Yiadve is
occurs in the water steam which is the real gas. Ifot insulated well against the heat, the process dot

addition, loss of enthalpy occurs related to thasrral become adiabatic due to the fact that the heat bill
loss. Consequently, the steam arrives saturatioa li gg\?vife\r/\r/%?kﬂgts??:;ggg:&itgrfo%?: dgjgthalpy atsp d
and a two-phase flow emerges in the system. Tlis ca '
causes a deterioration of flow conditions in the
. . o W=m, T (s-S) (2)
system, an increase in pressure drops and a rigein
convection heat transfer coefficient because of the
condensation process. Steam energy could not ke use The amount of _the heat trgnsferred out from the
to its optimal capacity. Steam Traps often have tosurface of the valve in the throttling processis (
become active in order to stabilize the flow bakant
the system®. A more extensive power is needed in
order to realize the desired operating conditiortse
experiment set has been built in a factory prodyicin
steam equipments in Izmit, Turkey. Valve pressure
losses and thermal energy losses in the insulatdd a E=W+Q (4)
non-insulated valves have been calculated. In the

experiments, DN25, DN50, DN80 cast iron globe In the throttling process, the work loss definad i

valves were used in different steam temperaturedn® €quation 2 cannot be changed, thermal lassaQ
e reduced through insulation. When the valve liy fu

mass flow rates and velocities ranging to 20 m/s. turned on, pressure drop can be calculated asvolt

Q=0.A(T.-T)) 3)

The total decrease in the energy of the steam is:

Theoretical study: As the steam passes through the I3
valve, it goes into throttling process. The effeft -~ -=k—- (5)
change in temperature of an isenthalpic change in
pressure is represented by the Joule- Thomson
coefficient m, defined by: Enthalpy change for real gase§lis
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1. Boiler 2. Collector 3. Heat exchanger 4. Tested valve
5. Condenser P- Manomelter T — Thermomeler [, IL, III Valves

Fig. 1: Experimental Set-up of the Studied System

dh=c, .dT+|: V- T(g%j } dF ©) E=m(h - h) (10)

Here, (h— he), can be found as follows through
There is not any enthalpy change in the throttiingeduation &:

process: . o .
hi=h,=(h -h)+( -h »rh-h; (11)
TZ PZ
th=[c,dT+ | v- MY lap= ¢ .
2P : aT ), (7) Heat transferred out from the valve is calculated
! ' through equation 3 if the surface temperature ef th
7 valve is known. If it is not known, the transferreeat
. : . can be calculated through the equations 10 and 4.
In this equation, in order to

2
solvej [v—T(avj }dp integral, (a—vj change should Experimental set-up and study: Schematic layout

1 oTJ, ar of the experimental setup has been given in Fig. 1.
be known. The steam taken from the boiler comes to the

The enthalpy change in the real gases could beollector, passes through the valve to be testedisin
found out through the equation below using genegdli condensed in the outlet of the valve. Some of the
enthalpy departure ch&t Here, {) denotes an ideal steam is taken into the heat exchanger and condense

gas state: and let go to the condense tank in order to adjuest
. o . steam mass flow rate.
h,=h,=(h, =h)+(h, - h )} (h, - h (8) In the experiments, studies have been realized in

saturated steam with pressure ranging between 5 bar

In the equation 8, reduced pressure and reducegl par or in superheated steam with temperature

temperature values are used for the inlet and toutler(,j“,]ging between 120—160°C because the steam needs

tstates c:f the St?im n ttﬁe vaI\I/te: AS thde ?I‘)‘tlebf small and medium scale industrial plants are
emperature is not known, the result is gainedubho . 0o 0o i these ranges.

trial and error method. The entropy change, which . I
occurs as a result of adiabatic throttling, is glted by Saturated steam coming out of the b9|ler in 5 bar
the equation below sourced from generalized entropP'€Ssure has been exposed to throttling in 0.2, B
departure chart diagram according to the outleBnd 4 bar pressure respectively in the outlet ef th

temperature value found out with the equation 8: collector and the superheated steam has been let to
come into the valve to be tested. Steam velocity ha
s,~§=(-s¥F -5 (s- s 9) been arranged as 3 m/s and 20m/s through the heat

exchanger. Pressure values in the inlet and ooftltte
If steam inlet and outlet states are clear inly fu valve have been measured out with a Pakkers
turned on valve, the total amount of energy whichmanometer with 0.5 bar scale division and (0-10) ba
steam losses are: pressure range. A NiCr-Ni, metal cable, K type,
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Tecmoterm thermocouple with (-120°C, +1300°C) 1
scale division, F0.2 sensibility and 0.1°C scaldsion

has been used in order to measure the temperature.
Condensed steam mass flow rate has been measured
with a digital Boster scale with 2.0 gr caliber and
0.30kg capacity.

-1 e oo
P

Arranging the diagrams and results. The pressure
difference in the valve inlet and outlet could roet
observed with existing manometers. The out coming 20 30 40 50 60 70 80 90
pressure difference has been found out using loss
coefficient taken from the diagram providing diaaret
versus friction loss coefficient which has beeraaged

for Globe valves Fig.' through the equation below:

Loss Coefficient (K)
=)

2w 4= oun
P

Diameter D (mm)

Fig. 2: Diameter versus loss coefficient for gloladves

(4)
2
K C AP (12) 5
P2g d
. 4 a_~
Pressure losses found out are in the range of 28.5 o

Pa and 200 Pa. These values have been used in th
equation 5 and lost energy has been calculated. The = 3]
outlet temperature of the steam in the valve hasmbe 7,
found with the equation 8 through the trial andoerr 9
method. Lost work has been found with the equations
9, 10, 4 and 2. The total amount of lost energy and
heat loss transferred out have been found. Dutieg t 1]
experiments, it has been observed that change in
pressure and temperature (ranging from 0.2 to 4.5°C T . T —T —T
is considerably small and specific volume of treast 3 79 11 1315 1719
in the range of study has been assumed constant. c(m/s)

Using the equation of mass conservation, velocfty o

steam ¢ has been found:

O Insulated
OT ¢ Uninsulated

L

Fig. 3:Thermal loss coefficient versus steam
temperature variation in 150°C temperature for

c=2m (13) DN 25, DN 50, DN 80 Valves
™
800
The enthalpy of the steam in the inlet of the galv |
has been calculated: 700 rx/i"*_ ’
6001
H=mh (14)
5001

1/h)

The amount of the heat loss found out with theS
equation 4 has been divided by the entropy valuado
out with the equation 14 and dimensions thermas los =~ 3
coefficient has been calculated:

400 -

Quk

2001
_ Q A A A A A o
k= ﬁ (15) 1007 alnsulated
sUninsulated
0 T T T T T T T T
3 5 7 9 11 13 15 17 19

The velocity of the steam in different steam mass
flow rates and temperatures, the amount of the hec..
transferred from the steam to the surroundingsthad
values of heat loss coefficient have been calcdlate Fig. 4: Lost heat versus steam velocity at 150°C
Hence, for the valves insulated and non-insulated: temperature in DN 80 valve
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800 values found out are used in the equation 3, heat
loss has been calculated as 593.43 kJ/h. This value
can be found out with diagram 2 or equation 4 as
642 kd/h.

5. The decrease in the steam temperature and pressure

500 A at the end of the throttling causes the steam tensi

to become lower and the steam velocity increase.

400 1 oUninsulated (10 ms) As the dimensionless Reynolds number is

oUninsulated (5 m/s) analyzed, the change in the Re value is

300 | slnsulated (10 m/s) . . T . .

elnsulated (5 mis) proportionate with the multiplication of velocity
and density. Therefore, the increase in the velocit
of heat transfer drops after reaching to a pasdicul

100 A value through the connection between the steam

3 : and the internal surface of the valve. This de@eas

. . T is confirmed with the drop of the velocity of the

105 1S 125 135 145 increase of the loss coefficient k and heat lotar af

T (°C) reaching to a particular value in the diagrams of

Fig. 3 and 4.

700 T

600 7 o

Q, (kJ/h)

200 1

Fig. 5:Heat loss versus steam temperature vamiaifo

valve without insulation in Turkey in the last ten yeass
taken into consideration, a heat loss of 642kJrthpar

a) The diagrams of thermal loss coefficient veitses in the steam temperature of 140°C emerges. Thiseval
steam velocity (Fig. 3) and the lost heat verses th¢an be calculated for one valve as follows:
steam velocity in the constant steam temperature
have been arranged (Fig. 4). 642 * 20 * 300= 3,852,000 kJ/year
b) The diagrams of heat loss versus the steam
temperature in the constant steam velocity havévith a hypothesis that an industrial plant oper&i6s

been arranged (Fig. 5). hours a day, 300 days in one year.
Therefore, as far as the approximate amount of
RESULTSAND DISCUSSION 2,200,000 valves is concerned, the loss can be

calculated as follows:

1. It has been found out that as the velocity increase
the increase of the thermal loss coefficient beme2,200,000 x 3,852,000= 8.47*kRJ/year
lower after a definite change in velocity and that, . _
the insulated case, this value could be obtained in The cost of 1 kg fuel oil spent for operating a
lower velocities (Fig. 3 and 4). boiler  with average 80%  efficiency s

2. The change in heat loss related to the stear§1,265,0008/year. In this sample handled, the press
temperature in the constant steam velocities hal@S been assumed as°4 bars while the temperatsire ha
exhibited nearly a linear character (Fig. 5). been assumed as 140°C. Since the steam pressure and

: : ; femperature increases are parallel with energyekss
Compared with non-insulated cases, increases |F1 P P 9y

temperature and heat loss are lower with insulatet'zrISUIation maintains its vitality.
casgs The steam may reach its saturation line and this

I , .__may cause a two-phase flow because of the headoss
3. As seen in Fig. 4, the difference between the inlegy the valve€l. The clarification of the location of

and outlet temperatures of the steam is reducegiegm traps, which must be placed on piping elesnent

with the use of insulation. o in order to prevent the deterioration of flow chetea,
4. The experiment has been applied in the 25.6°C drys also worth attention.

bulb room temperature sending air in 2.5 m/s
velocity vertical to the horizontal valve axis. The ACKNOWLEDGEMENT
average surface temperature of the valve has been
found out as 122°C in the non-insulated valve, The experiment sets used in this experiment has
140°C steam temperature and 10 m/s stearbeen built in Termo Steam Equipments Industry Ac.
velocity. The heat transfer coefficient has beenplant belonging to Gedik Holding. We are thankfol t
found through the connection between valvethem.
external surface and room as 18 \AKnusing the
known methods under these conditions. When thélomenclature

158



American J. Appl. Sci., 1 (3), 155-159, 2004

surface area, in

velocity, m/s

constant pressure specific heat, kJ/kg K
internal diameter, m

density, kg/m

gravitational acceleration, /s
specific enthalpy, kJ/kg
dimensionless thermal loss coefficient
friction loss coefficient

mass flow rate, kg/s

pressure, kPa, bar

heat, kW

specific entropy, kJ/kg/K
temperature, °C, K

power, kW

specific volume, ritkg

Joule Thomson coefficient, K/kPa

T<sH00TV3IZXATQ2UgO>

Subscripts

e outlet

i inlet

o ambient
s surface
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