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

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 pro-
blem is increasingly requsted in the fields of accommod-~
ation air conditioning systems, hot water supply systems,

cargo handling systems, district heating or cooling systems.,

The rational design of heat insulatjon of piping systems
can not only improve the overall efficiency of energy tra-

nsfer but also give energy saving.

In this paper, the heat insulation problem of district
heating systemsl is therefore modeled as the multi - stage
decision processes, suitable for &ynamic programming tech-
nique. And take the object function as the sum of heat in-
sulation 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 pro-

gramming.

Effectiveness of design method presented here is proved

by a computer simulation.
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Fig. 1 Heat loss of simple pipe
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2.3 EXAH &Y ( Dynamic Programming )
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Fig. 6 Basic piping system for design
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Qi, ,dl,CqA, Cv, 1
H:"J“Jull'nnph
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8 . Fi(G) , 0.

i=2
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Ri, Fle) , O~y

I=i+]

[ sTO0P

Fig. 7 Flow chart for heat insulation design of piping system
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i =27bx19] wh el glol Ao MA AU S AEstd oSy 2o
¥ BFT (2OAS =HEsHE X1 2 Newton-Rapson method

T+- Bairstowmethod & o] &3te] 3 t}S o]% positive real root o} &

=29 F9E @4 ARZA =2, (0 X) o A sl xSl 4

Aok AL AL i =079 el £Hog Yahul o A xulo o
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Fig. 69 wizt Al=go] 24 B2 HAAo| Table 20 FAs= 22
Data < ofv] Fofzl 2oz 3f3 ool Wt AANA=E Table 3,40] hgt
ol o

Table 3ol 49 C, & (ID)Ael A, =8 idHNa o A Aol A, =

Gy
Cidi 2 F&49 C; & oujslo

Table 2 ~Input data for optimal design

-t IR Tk #ol  Zlo] e 7
i q; ",/ h £;(m) di (m)’

1 261 700 0.216

2 588 400 0.319

3 650 600 0.356

4 350 500 0.406

5 1500 1000 0.508
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Table 3 Example of optimal insulation thickness calculation (1A)

optimal thickness (mm)
Fs(0s)
5 4 3 2 1
C no —~ —~ ~~ -~ —~ 65 = 125 aC
i X X X X X
1X 1078 11.0 | 11.0 11.0 | 11.0 10.6 27. 20942
2X 10°¢ 15.0 | 15.0 15.0 | 15.0 14.7 38. 73613
3X 10°¢ 19.0 | 19.0 18.0 | .18.0 17.8 | 47. 65904
4X 107 21.0 | 21.0 | 21.0 | 21.0 20.4 55. 23839
5X 107¢ 24.0 | 24.0 | 23.0 | 23.0 22.6 61. 95647
6X 10°¢ 26.0 | 26.0 26.0 { 25.0 24.6 68. 05117
7X 107¢ 28.0 | 28.0 27.0 | 27.9 26.4 73. 68301
8 X 107 29.0 | 30.0 | 29.0 | 29.¢ 28.1 78. 97131
9X 107 32.0 | 31.0 | 31.0 ] 31.0 | 29.6 83. 94013
1X 1078 33.0 | 33.0 { 32.0 | 32.0 31.1 88. 65841
2X 107° 46.0 | 45.0 | 45.0 | 44.0 42.3 127. 3165
3X 107° 55.0 | 54.0 | 54.0 | 53.0 50.5 157. 7065
4X 10°° 63.0 | 62.0 61.0 | 60.0 57.1 183. 7159
5X 1078 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
7X 1078 81.0 | 79.0 78.0 | 77.0 72.3 247, 9367
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Table 4 Example of optimal insulation thickness calculation (1B}
YEAR=USABLE YEAE

~ ~.

Optimal thickness (mm) i
Fg(0,)

C \no 5 1 3 2 1
. 6, =125¢ |

5@ar'\ X X X X X i
!
:

! Lo . ] ” - oy
fg 72Xioe b L 320 ¢ 32.¢ 30.7 87.40527%
8;\ X EXe n‘ *
soBG Al H BIRY I R : SHERS :

gl
[ )

LooSu30 Rt o N 7.0 0 BT BELU o BE.

e

o

(W}
bl

§

!

! i

i : ! !
b4 08KiDs 0 & 64.0 § 59.6 4 61.6 | 61.0 - 57,
: i i

4= 0.02 kcal »mhc Co=0.03% kg, C,=200,000% =)

[#5]
l
!

B s Fig, %.99F RO bl wi vt Aulell ol 5o

WE o HEDatas Folx %o @ simo 2FelAl lEar

FHA S i Srgierer ool tidr Al AFE 5 Table 7,80 wrER Qi

HOT
WATER
SUPPLY
SYSTEM

Fig. 8 Example of general piping system (IIA)
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HOT
WATER
SUPPLY
SYSTEM

Fig. 9 Example of general piping system(I1B)

Table 5 Input data for optimal design (11A)

FLOW RATE

PIPE NO. PIPE LENGTH | PIPE DIA.

i q; (/ h) Zi (m) d; (m)

1 254 500 0.216
2 397 300 0.267
3 650 600 0.356
4 261 700 0.216
5 588 400 0.319
6 850 500 0.406
7 1500 1000 0.508
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Table 6 Input data for optimal design (1IB)
PIPE NO. FLOW RATE PIPE LENGTH PIPE DIA

i qi @/ h) ¢; (m) d; (m)

1 150 600 0.165

2 104 300 0.140

3 254 500 0.216

4 143 500 0.165

5 254 800 0.216

6 397 300 0.267

7 650 600 0.356

8 107 400 0.140

9 154 800 0.165

10 261 700 0.216

11 359 600 0.267

12 230 100 0.216

13 588 400 0.319

14 850 500 0.406

15 1500 1000 0.508

Table 7 Example of optimal insulation thickness calculation (11A)

YEAR=USABLE YEAR

OPTIMAL THICKNESS(mm) F:(67)
NO =7 T &6 5 | 4 3 2 ] 0. — 195 4
YEAR x|z |x|®|x]|x r=lse
5 49.0 | 48.0 146.7 |44.7| 47.0145.8 | 44.7 157.6959

( 2=10.03, Cq = 0.02, Cy = 206000 )
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Table 8 Example of optimal insulation thickness calculation (11IB)

(YEAR = USABLE YEAR)

OPTIMAL THICKNESS (mm)

F15(015)

N0151413121110987654321
0,s=125T

)
>

TIRIRITI[XIXIX|R| XXX (XX

5 149.048.0{47.0(44.6]45.8] 45.4 43.0{42:0] 47.046.0| 44.6{43.0{45.0 12.0143.0 248.3408

(2 = 0.03, Cq=0.02 , C, = 200000)
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Ao AAHoz AL WHAFE & 4 Az, Cart FAT we} B2
HHEAT Z48E & & Atk

wal Fig.10b, colde 2ol ©@7b(Co) 7t F7hakel =t #74 Cost
gaer AATA 22T & & Ak F, 2o drbsh dFe
o godoz Eedi: oMY FAE FAstm wdste Aol #es
gE Re ¢ 5 A
st Figloabcol 2olAd Cq 2 Co o &g 3 o2 A8 g

rie

kR

=

FERPIEHERPEEE I S5 40 45 #% SCEE = L RE L P R
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Fig.13 Aspects of composite coefficient (C;) to optimal cost function
(F) and heat insulation thickness (X)
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Fig.14a Aspects of usable year of heat insulation material(N) to the
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