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A Study on the Optimal Design for Heat Insulation of Hot water
Piping Systems Using a Dynamic Programming

H.H. Yoo, J.S.

Abstract

Ha

Recently, the design problem of heat insulation have been reappraised in the aspect of

energy saving due to the rising trend of energy cost. For example, that design problem is

increasingly requsted in the fields of accommodation air conditioning systems, hot water

supply systems, cargo handling systems, district heating or cooling systems.

The rational design of heat insulation of piping systems can not only improve the overall

efficiency of energy transfer but also give energy saving.

In this paper, the heat insulation problem of district heating systems is therefor modeled

as the multi-stage decision processes, suitable for dynamic programming technique.

And

take the object function as the sum of heat insulation material cost involved construction

cost and heat loss cost, and propose the design method to minimize the object function for

overall piping systems by dynamic programing.
Effectiveness of design method presented here is proved by a computer simulation.
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Heat loss of simple pipe

Fig. 1.
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Table 1. Data for heat insulation design

4FF EAE=AAY |
AT FHLE 140°C
Wae] s 15°C
BEAY dAdE§ *0. 02-0. 06kcal/mh°C
1%4—31 s 926. Okgy/m3
o Wd 1.023kcal/kgs°C
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Fig.6. Basic piping system for design
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( START) Table 2. Input data for optimal design
HARE 2eT KD g A o] |
P T oy | 4 di(m)
INPUT DATA ) 261 700 0.216
L ] . h . di N cq. CV, 1 2 588 400 0.319
H.N.a. O .rn.A 3 650 600 0.356
i=1 4 850 500 0. 406
5 1500 1000 0.508
SELECTION OF OPTIMAL INSULA-
TION THICKNESS AT | =1 PIPE C
X, (o), o. Table 391412} Citz (AIDA9] As=-FAd: HNa
i=2 o FAA A A A;=Cidi2 =4 w9 CiEF 2n]
Claa
SELECTION OF OPTMAL INSULA-
TION THICKNESS TO i=2-8 PPE
R, Filo) , 6., 3.2 QUHFX HYZ AJAES
=i+l EA el A+ Fig. 8,99 28 oduby  wizlz] A~
Elo] o} 3led Table 5,64 TA]sle 2% Datal
i N
< Folal Aoz Sx, 204 AET 9L ol
NO
wor
Fig.7. Flow chart for heat insulation design WATER
of piping system SuPPRLY
SYSTEM
2oz Fm ole] g AALAF}E Table 3,40
Y el ¢l o} Fig.8. Example of general piping system (IIA)

Table 3. Example of optimal insulation tickness caleulaion (IA)

optimal thickness(mm) Fs(8s)

5 X 4 X 3 X 2 X 1 X | gs=125°C
1x10-¢ 11.0 11.0 11.0 11.0 10.6 27.20942
2x10-¢ 15.0 15.0 15.0 15.0 14.7 38.73613
3Ix107¢ 19.0 19.0 18.0 18.0 17.8 47. 65904
4x10-¢ 21.0 21.0 21.0 21.0 20.4 55.23839
5x10-¢ 24.0 24.0 23.0 23.0 22.6 61.95647
6 x10-¢ 26.0 26.0 26.0 25.0 24.6 68.05117
7x107¢ 28.0 28.0 27.0 27.0 26.4 73.68301
8x 108 29.0 30.0 29.0 29.0 28.1 78.97131
9x 1078 32.0 31.0 31.0 31.0 29.6 83.94013
1x10-5 33.0 33.0 32.0 32.0 31.1 88. 65841
2x10-5 46.0 45.0 45.0 44.0 42.3 127.3165
3x 108 55.0 54.0 54.0 53.0 50.5 157. 7065
4x 1075 63.0 62.0 61.0 60.0 57.1 183. 7159
5Xx 1075 70.0 68.0 67.0 66.0 62.8 206. 9484
6x 10~ 76.0 74.0 73.0 72.0 67.8 228. 1956
7x10™3 81.0 79.0 ; 78.0 77.0 72.3 247.9367

(45)
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Table 4. Example of optima insulation thickness calculation (IB)

YEAR=USABLE YEAR

\\\ Optimal thickness (mm) a
Gi AN E— A A e 1 F3(95) 05=123°C
Jo 5 R 42 X 3 X 2 X ‘ 1 X

year \| ! |
9.72x 1076 2 33.0 32.0 | 32.0 32.0 | 30.7 87. 40527
1.85% 1075 3 44.0 44.0 43.0 43.0 1 40.9 122. 4547
2.66 % 1075 4 52.0 51.0 51.0 50.0 | 47.9 147. 9626
3.39x 1075 5 59.0 57.0 57.0 56.0 | 53.2 168. 2434
4.05% 1075 6 64.0 59.0 61.0 61.0 | 57.4 183.0755

(A=0.03keal/mh°C) Cq=0.03%1/kg,

Cv =209, 00081 /m3)

Table 6. Input data for optimal design(IIB)

PIPE NO. [FLOW RATE PIEENGTH PIPF DIA
HOT i qi(m3/h) fi(m) di(m)
WATER
SUPPLY 1 150 600 0.165
SYSTEM 2 104 300 0.140
3 254 500 0.216
4 143 500 0.165
5 254 800 0.216
] o 6 397 300 0.267
Fig.9. Example of general piping system (IIB) ; 650 600 0.356
Table 5. Input data for optimal design(IIA) 8 107 400 0 140
T 9 154 800 0.165
PIPE NO. FLO(VynsRﬁTE LENGTH PI§E DIA. 10 261 700 0.216
' i/ | film) ) 11 359 600 | 0.267
1 1 254 500 0.216 12 230 100 | 0.216
2 ‘ 397 300 0. 267 13 588 400 ‘ 0.319
3 l 650 600 0. 356 14 850 500 0. 405
4| o8l 700 0.216 15 1500 1000 | 0.508
5 ! 588 400 0.319
6 I 850 500 0406 Lt} Hd R dAE S el ole] w4
7 1500 1000 0.508 Ab2 5L Table 7,85 vhehd o ol

Table 7. Example of optimal insulation thickness caleulation (ITA)

YEAR=USABLE YEAR

T~

NOI
~.

OPTIMAL THICKNESS (mm)

~ ]
YEAR ~

7)2’6)?]55{]4}?‘35{‘25{\1)2‘

F:(8:) 6;=125°C

s |

49. o{

48.0) 467 447 47.0|

45. 8'

44. 7‘ 157.6959

(A=0.03, Cq=0.02. C,=200000)

Table 8. Example of optimal insulation thickness calculation(1IB)

(YEAR=USABLE YEAR)

15

14

OPTIMAL THICKNESS (mm)

11

13

1

NO 12 10] 9| 8 7’ 6| 5 4’ 3| 2 Fis(fis) f15=125°C
YEAR .X)leXXX{XXXXXX'XXX'
5 {49.0]48. 0:47.0{44. 645. 8145. 043.0 42.0]47.0)46. o§44.6|43. 0}45.0} 42.0’43.01 248.3408
TN=0.03, Caz0.02, C,= 200000

(46)
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Fig.10a. Aspects of unit price per calory(Cq) to optimal cost function (F) and heat insulation
thickness(X)
Cv= 100000 ~ 300000 , A =0.0526 , r =0.I
H =2160, N=2 , Cq=0.03
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ROy | T Falos) —]
160 f — '~ R " iy 70A
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120 V\\\fa X3 Xz i | ilo
~
1o . S~ 6
~_
00 b S~
~—
% } ~——_ 5
~
-
100000 150000 200000 280000 300000

Fig.10b. Aspects of unit price of insulation material involved constructioncéost (Cy) to optimal
cost function (F) and total cost
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(R) and heat insulation thickness (X)

. - c . R
H:2160 ,N:=2 E“-:mo’~3nd
A:0.0%26 ,r:01 '
F5(O?)
70 [ - r 70
- = 3n07 -7 ()
teo b P 60
2 g’ P
150 . . 50
|.:st67 id 0
S - :
130 Xsg X4 Xy, 2 Xz Xy 30
//
120 -
e
110 | ----FatCs) ,//
V4
.
100 7
‘
v 12 s 2 3x167 ¢4
T

Fig.10c. Aspects of unit price ratio for calory (Cq) to unit price of insulation material involved
construction cost (Cv) to optimal cost function (F) and heat insulation thickness(X)

X=vC.10°(mm) & S},

Hi Qs & 5 ded, ode @O %, 3A FA Xt sy Aol mi: wiake
2X3+dX2+Cdg=0 @9 AR Wsle] JFL vLshl WEE ¢ 5 9
2% Fm, DA Fiua s X dgE

4.1.2 »o] w3} (Fig.1la,b &%)

Fig. 11a,boll A= B¢ dAd=&o] T7Heh
Cv 2200000 , N=3 , r=0.I
H =2160 ,A =002~ 0.0526

175 1
Fs (Os)
<= Fy(0g) e
rd
150 /,’
-
/,’/‘
125 + /I/‘
///’
100 -~ Q
()
75 __»\_o_gg;__‘\_____\\ - 60
—
'\.
50 FXx=0.62 —* -— - 40
X5 X4 X; XZ xI
25 t - 20
0.02 0.025 0.03 0.035 ©.04 0.05 0.06 A

Fig.11a. Aspects of thermal conductivity of heat insulation material (A) to optimal cost function (F)

and heat insulation thickness (X)

48
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Cv=200000 , N=2 , r=0.]
Cq:=0. H H ~
Fa (Os) q=0.03 , H=2160, A =0.03~0.06
130
~==-Fy(0s) o
120 PPt
1o //////’/ 60/)2
100 | /),/ (mm)
Azo-08” 50
- = \
90 - —— T 40
0.03 ——
80 [ X, X4 Xs X, X 30
70 .
0.03 0.04 0.05 0.06 A

Fig.11b. Aspects of thermal conductivity of heat insulation material (A) to optimal cost function

(F) and heat insulation thickness (X)
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Fig.12a. Aspects of usable year (N) of heat insulation material to optimal cost function (F) and
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Fig.14a. Aspects of usable year of heat insula-
tion material (N) to the cost differe-
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Fig.14b. Aspects of composite coefficient (C;) to
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d3hE Gtk A5 Ne kA7 A A (Fpp), partly optimal cost (Fp) and
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Table 9. Comparison of D.P opimal thickness (X) and partly optimal thickness(X,)

THICKNESS OPTIMAL THICKNESS (mm) Foton)
Xs X4 Xs f Xz ‘_.__ Xl

G X% | X% | X% 2% 2 x| PP PART
1% 1075 33.0 33.2i 33.0 32.8 32.00 32.5 32.0 s2.2| 31.1] 31.1] 88.658 |  88.751
2 % 1075 46.0] 46.0, 45.0| 45.2 45.00 44.7) 44.0 44.2 42.3] 42.4 127.317 | 127.434
3% 1078 55.0/ 55.5 54.0| 54.4] 54.0| 53.7] 53.0| 53.0 50.5| 50.5 157.707 '  157.795
4% 1075 63.0| 63.3] 62.0] 61.9| 61.0 61.0| 60.0 60.2 57.1 57.2] 183.716 | 183.824
5% 1075 70.0| 70.0 68.0| 68.4 67.0/ 67.3| 66.0] 66.4 62.8 62.9] 206.948 |  207.070
6x 1075 76.0 76.0: 74.00 74.1 73.00 72.9| 72.00 71.9 67.8 67.9| 228.196 & 228.332
7% 1075 81.0] 81.4 79.0 79.3 78.0 78.0| 77.0| 76.8 72.8| 72.4/ 247.937 | 248.084

Table 10. Comparison of D.P optimal thickness (X) and partly optimal thickness (X,)
year=A}& 3 4~

= THICKNESS OPTIMAL THICKNESS (mm) FoOn)
‘\\\ Xs i X4 Xa Xg X1 ]
yEAR S~ X 1% RIx | 2Ix |21 x| 2] x p.p | PaART
2 33.0‘ 32.8 32.0| 32.4) 32.0| 32.1 32.0 31.8 30.7] 30.8 87.405 87. 453
3 44.0] 44.4) 44.0 43.7) 43.0) 43.2 43.0 42.8) 40.9) 41.0 122.455 | 122.522
4 52.0, 52.5 51.0’ 51.5 51.0| 50.8 50.0] 50.3| 47.9| 48.0 147.963 | 148.045
5 59.0 58.7| 57.0, 57.5 57.0| 56.7| 56.0 56.0] 53.21 53.3 168.243 | 168.330
6 64.0/ 63.6 59.0' 62.3 61.0| 61.4 61.0 60.6| 57.4 57.5 185.076 | 185.119
(Cy=200, 000, Ca=0.03, H=2,160, r=0.038] A5
5. = (D.P)e] 2 malste] geldom Ao at
& g Aasta e
BoATAAE Dot AR 429 HA B ond el d Pk ohlzh, e nos
2 AAFAE HAEFE B9 8td FHAIHY FE R A AEg A W A" ew B
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