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Abstract: Problem statement: Engineering economics played an important rolenigineering design
works. The net saving value was the easiest @itetd indicate the optimum design. However, the
information about the net saving analysis of dod@éjer insulation of air conditioning duct was
insufficient. Thus, it was important to study tlease Approach: The optimum thickness analysis of
air conditioning duct’s insulation, which composg#ghe layer of rubber and fiber glass insulatoasw
conducted by means of thermo-economics methodddiitian, the effects of heat transfer coefficient
at inside and outside of duct on the optimum thédaof these insulators were also studied. The
research was done by considering the insulatioptsmum thickness of circular galvanized steel
duct. The duct diameter of 0.5 m with rubber inslak = 0.035 W i K™) and fiber glass
insulator (k = 0.045 W m K™) was selected to show the study results. In aalstudy the change in
optimum thickness when convective heat transfeffictents were varied, the inside and outside duct
convective heat transfer coefficient of 6, 10, 18 and22W m2 K™ were selected for calculation of
optimum thicknessResults: The results showed that the variation of insidd auatside duct’s heat
transfer coefficient did not affect on the insutd@ptimum thickness. In the case of a circulactdaf

0.5 m in diameter and the inside and outside cdiweebeat transfer coefficient of 6 and 22 W™
respectively, the optimum thickness was 0.0032 @ri®5 m for rubber and fiber glass insulator
respectively. The net saving was 34,173.00 Bahtnpeter of ductConclusion: Finally, when the
consideration in terms of insulator cost was déime thermo-economics analysis of optimum thickness
of double-layer insulation was recommended whenctis of main insulator was higher than that of
auxiliary insulator otherwise the thermo-economégglysis of optimum thickness of single-layer
insulation was sufficient. In addition, the variatiof inside and outside duct convective heat feans
coefficient did not affect the optimum thicknessit Bet saving increased when inside and outside duc
convective heat transfer coefficient increased.
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INTRODUCTION (Soylemez and Unsal, 1999). Although there are many
concepts for finding the optimum point, the simples
In a present day, the economical design is amoncept was introduced by Soylemez and Unsal (1999)
important issue in thermal engineering work. TheThey showed that the net saving value was the stasie
optimum design, minimum cost and high efficiency, i criterion to indicate the optimum point. In additjo
the necessary requirement. In order to fulfill thisthey showed the calculation method of optimum
requirement, there are many works tried to findtbet insulation thickness for single-layer insulation in
criteria for the optimum design (Umberéb al., 2009; refrigeration applications. However, we can sed tha
Nelsonet al., 2009; Davickt al., 2009; Soylemez, 2001a; there is a difference in cost of various types of
2001Db). In case of thermal insulation, many wor&ald insulator. In some case, a mixed insulation, the afs
with the optimum thickness of insulation, both in more than one type of insulator, may be more slgtab
building wall (Jinghuaet al., 2009; Ozel and Pihtili, For example, the cost of rubber insulator is highan
2007; Bolatturk, 2006) and refrigeration applicatio that of the fiber glass insulator but we selectrtltgber
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insulator in refrigeration and air conditioning
application to avoid wetting inside insulator due t
condensation of air's moisture at the cold surfdoe.
this case, if the thickness of rubber insulatogrisugh
to prevent condensation, we can use the fiber glass
insulator as adjacent insulator layer to reducet hea
flow into the duct instead of the use of only rubbe
insulator. According to above example, we called, i
this study, the rubber insulator as main insulatod

the fiber glass insulator as auxiliary insulator.
Unfortunately, the information about the optimum
point of insulation system that consists of various
layers of insulator materials is insufficient. Thsis
study will consider the optimum thickness of air . )
conditioning’s duct insulation which consists ofeth Fig- 1: The cross section area and thermal resietaof
layer of rubber and fiber glass insulator by using the bare air conditioning duct

maximum net saving criterion. Moreover, the
variation of optimum thickness, when the convective
heat transfer coefficients at inside and outsidewaft
were changed, was also investigated.

MATERIALSAND METHODS

M athematical model:

Thermal calculation: Figure 1 shows the cross section
area and thermal resistances of the bare air ¢onifig
duct. The amount of radius heat flow into the duct
(Qbare dug €an be calculated by the following Eq. 1:

AT
Qbareducl: 27 (1)

total, bare duct

Temperature difference between the outside and

inside of duct4T) can be found by: Fig. 2: The thermal resistance in case of an itedla
duct with rubber insulator as inner insulator
AT = To meanTimean 2) layer and fiber glass insulator as outer insulator
' ' layer

Total thermal resistances {# pare dquds IN case of Aq = 2Ry qucl. 5
bare duct, can be determined by summation of inner° ™~ o,duct-duct ®)
duct thermal resistance due to heat convectiop, (Z In case of insulated duct with rubber insulator as

thermal resistance due to heat conduction in duGhner insulator layer and fiber glass insulatoroaser
material (Z) and thermal resistance due to outer heafnsylator layer, the thermal resistance was shawn

convection (3): Fig. 2. The radius heat flow in this case.{@q can be
determined by the following Eq. 6:
In [R’odm] AT
d 1 + Ri,duct + 1 (3) Qinsduct 227 (6)

total, Ins duct

total, bare duct ™ ﬁ o, k o T.AO

duct

Total thermal resistances & ns aud. in case of

Where: insulated duct, can be determined by summation,of Z
Z,, thermal resistance of inner insulator layef.@X
A = 2R quetlduct (4)  thermal resistance of outer insulator laygs@Fand Z:
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The amount of heat flow, which can be decreased

by insulation, can be found by following Eq. 8:

Qsave = Q bareduct Q insdu

Net saving calculation: The net Saving(S) is a
function of the difference between the cost of sgvi R,

N ...
4 =ﬁ ifi =d (10)
-\ N
=1 1—(ﬂj iti#d (11)
(d-i) 1+d
P,=1+ EM- R, (&+ d)" (12)
Where:
i and d = Interest and inflatioate
N = Life cycle period of insulator
Mg = Ratio of maintenance and operation cost to

initial cost

energy and the cost of materials, installation,rafen

and resale value, by:

o RGQ.AL_
COP
+C

F; [(Qns,lAins,lx ins,1+ Cins,ﬁo‘ ins,% ins)

install.lA ins,1+ c install.zA ins,l

Ratio of resale value to initial cost

The positive sign of net saving implies that the
insulation of duct gives benefits. In contrast, the

(9) negative sign means that the insulation of duct is

worthless. In fact, the best design occurs whemntite

saving is highest.

insulation thickness that

Where: corresponds to the highest net saving is called the
Ce = Energy cost (Baht kWHh optimum thickness. Calculation of Eq. 9 cooperated
At = Operation time of air conditioning with graphical method is the most suitable method t
system (h) find the optimum thickness. The detail will discuss
COP = Coefficient of Performance follows.
Cins1and Gis, = Materials cost of inner and outer
insulator (Baht 1)
Aispand A, = Argza of inner and outer insulator
m
Xins.1 @Nd Yos.2 = (Th)ickness of inner and outer Case study: In order to verify the assumption that the

insulator (m)
Cinstan,1 @nd Grstan 2= Installation cost of inner and outer
insulator (Baht i)

net saving of double-layer of insulation is higllean
that of the single-layer insulation, the case stwillybe
selected. The information of case study is shown in

P; and B = Calculated by: Table 1.

Table 1: The information of case study

Item Description Value

1 Duct diameter 0.5m

2 Thermal conductivity of duct 60.5 W m* K™
3 Thermal conductivity of rubber insulator 0.035 Wm* K™
4 Thermal conductivity of fiber glass insulator 045 W mt K™
5 Inside duct convective heat transfer coefficient 6 Wm?K™

6 Outside duct convective heat transfer coefficient 22 W ni?K™

7 Temperature difference between inside and outfidect 13C

8 Interest rate 14.25%

9 Inflation rate 2.1%

10 Life cycle period of insulator 10 years

11 Ratio of maintenance and operation cost tceinitbst 0

12 Ratio of resale value to initial cost. 0

13 Energy cost 2.978 Baht kWRH
14 Rubber insulator cost 40697 Baht Ii?
15 Fiber glass insulator cost 5927.20 Baht i
16 Installation cost of rubber insulator 270 Baht ri¥

17 Installation cost of fiber glass insulator 110 Baht ni?
18 Operation hours of air conditioning system 28,p4ears
19 Average COP 2.81
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Figure 3 shows the calculation results of netrsgvi It should be noted from Fig. 5 that when inside tduc
of above information. The vertical axis shows netconvective heat transfer coefficient is increagednf6-
saving in Baht it of duct after 23,040 h of operation. 22 \v ni2 K™%, the net saving increases from 34,172-
The primary horizontal axis displays the rubberg; 748 Bant it of duct.
insulator thickness in meters and the secondary '
horizontal axis shows the fiber glass insulatockhess . )
in meters. We can see that if we use only rubbef he effect of outside duct convective heat transfer
insulator for duct insulation, the optimum thickaesf  coefficient on optimum thickness: Figure 6 shows the
rubber insulator is 0.05 m and the net saving @& th effect of outside duct convective heat transfeiffaaent
thickness is 30,201 Baht fof duct. In the other hand, on optimum thickness. Figure 6 indicated that,caltih
if we use rubber and fiber glass insulator for ductthe outside duct convective heat transfer coefftcieas
insulation, the optimum thickness of rubber ancerfib yaried form 6-22 W i K™, the optimum thickness of
glass insulator is 0.0032 ?ﬁg 0.125 m, respectiviifie  fiher glass and rubber insulator was constanti&sdand
net saving is 34,173 Baht frof duct. 0.0032 m respectively. Figure 7 shows that whesidet
The effect of inside duct convective heat transfer duct convective heat transfer coefficient is insezh
coefficient on optimum thickness: Figure 4 shows from 6-22 W ni K™, the net saving increases from
the effect of inside duct convective heat transferl9,675-34,172 Baht thof duct.
coefficient on optimum thickness. Figure 4 indichte
that, although the inside duct convective heatsfiem
coefficient was varied from 6-22 W K™, the
optimum thickness of fiber glass and rubber insulat
was constant at 0.125 and 0.0032 m rebmbet
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Fig. 5: The relationship between net saving anilas
duct convective heat transfer coefficient

Fig. 3: The calculation results of net saving of tase z 014
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Fig. 4: The effect of inside duct convective heatFig. 6: The effect of outside duct convective heat
transfer coefficient on optimum thickness transfer coefficient on optimum thickness
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40000 The effect of outside duct convective heat transfer
35000 - coefficient on optimum thickness: We can clearly see

A N ¢ form Fig. 6 that the variation of outside duct cective
30000 v heat transfer coefficient does not affect optimum
25000 * thickness. Figure 7 shows that when outside duct
20000 - convective heat transfer coefficient is increaskd,net

saving increases. As same as discuss in above, topic

Netsaving (Bahtm™ of duct)

15000 when the pay back period is a serious design mnter
10000 the precision value of convective heat transfer
5000 coefficient is needed. Thus it can be concluded tthe
0 _ , . . variation of outside duct convective heat transfer
0 5 10 15 20 25 coefficient does not affect optimum thickness.

Outside duct heat transfer coefficient (Wm™2K™)

CONCLUSION

Fig. 7: The relationship between net saving andidet

; .S When the consideration in terms of insulator cost
duct convective heat transfer coefficient

was done, the thermo-economics analysis of optimum
thickness of double-layer insulation is recommended
DISCUSSION when the cost of main insulator is higher than thfat
auxiliary insulator otherwise the thermo-economics
Case study: The result from Fig. 3 shows that the net analysis of optimum thickness of single-layer iasioin

saving of double-layer insulation is higher thaattbf IS Sufficient. o , _
only rubber insulation. In contrast, the net savifg The variation of inside and outside duct convectiv

double-layer insulation is lower than that of ofiyer ~ heat transfer coefficient does not affect optimum

glass insulation. Thus, if the fiber glass insulai® thickness. But net saving increases when inside and
suitable for a given application without the tectahi outside duct convective heat transfer coefficient

problems, the determination of optimum thickness by"nCréases.

thermo-economics analysis of single layer is sigfit

This is because the materials cost of fiber glass i ACKNOWLEDGEMENT

extremely lower than that of rubber insulator. From

above discussion, it can be concluded that when we  The authors would like to thank Department of

consider in term of materials costs, the thermoyjachanical Engineering, Faculty of Engineering and

economics analysis of optimum thickness of doubleynqystrial Technology, Silpakorn University for all
layer insulation is recommend when the cost of mainy pnort to this study.

insulator is higher than that of auxiliary insulato
otherwise the thermo-economics analysis of optimum
thickness of single-layer insulation is sufficient. REFERENCES

The effect of inside duct convective heat transfer ~ Bolatturk, A, 2006. Determination of optimum
coefficient on optimum thickness: We can clearly see insulation thickness for building walls with respec
from the Fig. 4 that the variation of inside duct f %gtljou?hgjris a;: cllrggj[e 12300n1e_si3|(;19DT51|r.key.
convective heat transfer coefficient does not affat 18p1I016/j applthérmalg.r;g 2065 10.019 '
optimum thickness. This means t.hat the deS|gqee haVDavid, B., M. Gassner, T. Fuchino and F. Marechal,
not to concentrate on the uncertainty of convedtieat 2009. Thermo-economic analysis for the optimal
transfer coefficient in real application. HowevEig. 5 :

o , conceptual design of biomass gasification energy
shows that when inside duct convective heat transfe  onyersion systems. Applied Therm. Eng., 29: 218522

coefficient is increased, the net saving increaséss DOI: 10.1016/j.applthermaleng.2007.06.021

means that if the pay back period is a seriousgdesi Jinghua, Y., C. Yang, L. Tian and D. Liao, 2009. A
criterion, the precision value of convective heahsfer study on optimum insulation thicknesses of
coefficient is needed. Thus it can be concluded tthe external walls in hot summer and cold winter zone
variation of inside duct convective heat transfer  of China. Applied Energy, 86: 2520-252B0I:
coefficient does not affect optimum thickness. 10.1016/j.apenergy.2009.03.010

150



Energy Rec. J. 1 (2): 146-151, 2010

Umberto, D., S. Proietti and P. Sdringola, 2009a60 Soylemez, M.S. and M. Unsal, 1999. Optimum
powered cooling systems: Technical and economic insulation thickness for refrigeration applications

analysis on industrial refrigeration and air- Energy Convers. Manage., 40: 13-21. DOI:
conditioning  applications. Applied Energy, 10.1016/S0196-8904(98)00125-3

86: 1376-1386. DOI: Soylemez, M.S., 2001a. On the optimum sizing of
10.1016/j.apenergy.2009.01.011 cooling towers. Energy Convers. Manage.,

Nelson, F., P.J. Mago and L.M. Chamra, 2009. Energy  42: 783-789. DOI: 10.1016/S0196-8904(00)00148-5
and economic evaluation of cooling, heating andSoylemez, M.S., 2001b. On the optimum channel gizin
power systems based on primary energy. Applied for HYAC systems. Energy Convers. Manage.,
Thermal Eng., 29: 2665-2671. DOL: 42:791-798. DOI: 10.1016/S0196-8904(00)00149-7
10.1016/j.applthermaleng.2008.12.027

Ozel, M. and K. Pihtili, 2007. Optimum location and
distribution of insulation layers on building walls
with  various orientations. Build. Envitpn
42: 3051-3059. DOI:
10.1016/j.buildenv.2006.07.025

151



