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Abstract: By analyzing the calculation formulas and methodologies for heat loss in the water
distribution networks of centralized domestic hot water systems as outlined in current national standards,
building water supply and drainage textbooks, and design manuals, it was found that the existing methods
relied primarily on qualitative analysis and cannot ensure alignment between calculated results and actual
heat loss. A new approach using the “economic thickness” calculation method was proposed. This method
integrated the calculation of pipeline network heat loss with the determination of insulation thickness
based on theoretical heat transfer formulas. By using project-specific design parameters to derive other

relevant unknown variables, a unique functional relationship among these parameters was established
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from a mathematical perspective. Through an analysis of the calculation results under different design

conditions for hot water pipeline networks, several key factors influencing heat loss were identified. It was

suggested that reasonably controlling pipeline diameter and minimizing the operating temperature of the

hot water network were effective measures to reduce heat loss. Case study calculations demonstrated that

the “economic thickness” method yielded unique results with positive deviation and lower heat loss

values compared to those obtained from textbooks and design manuals.
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centralized domestic hot water system;

surface coefficient of heat transfer;

water distribution network;

thermal insulation layer; heat flow rate
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HME D, 0.0269 | 0.0337 | 0.0424 | 0.0483 | 0.0603 | 0.0730 | 0.0889 | 0.1143 | 0.1413 | 0.1683 | 0.219 1
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Tab.2 Process parameters of pipeline heat loss calculation(7,=60 °C, £=0.25, P,=85 CNY/GJ)
g | e | onwmey | V| @V eNE L W) | AWkl | D2 | Dy | s/mm
> K)] | (> K)] | (m*K)] Do

DN20 | 24.2676 | 22.4385 | 5.2579 | 1.4574 | 3.8004 | 0.097 6 6.874 6 0.03948 | 0.12573 | 0.0269 | 35.3

DN25 | 24.3335 | 224397 | 5.1782 | 14579 | 3.7203 | 0.1079 7.600 9 0.03948 | 0.12551 | 0.0337 | 37.1

DN32 | 244053 | 224410 | 5.0941 | 1.4584 | 3.6357 | 0.1202 8.469 9 0.03949 | 0.12526 | 0.0424 | 389

DN40 | 244483 | 224418 | 50450 | 1.4588 | 3.5862 | 0.128 2 9.033 1 0.03949 | 0.12512 | 0.0483 | 39.9

DN50 | 24.5255 | 22.4432 | 49593 | 1.4593 | 3.4999 | 0.1437 | 10.128 8 0.03949 | 0.12485 | 0.0603 | 41.7

DN65 | 245963 | 224446 | 48832 | 14599 | 34233 | 0.1595 | 11.2385 0.03950 | 0.12461 | 0.0730 | 43.2

DN80 | 24.6738 | 22.4460 | 4.8026 | 1.4605 | 3.3421 | 0.1785 | 12.5769 0.03950 | 0.12434 | 0.0889 | 44.8

DNI100| 24.7794 | 22.4479 | 4.6968 | 1.4612 | 3.2356 | 0.2077 | 14.6367 0.039 51 0.12398 | 0.114 3 | 46.7

DNI125| 24.8748 | 22.4497 | 46053 | 1.4620 | 3.1433 | 0.2377 | 16.7567 0.03952 | 0.12366 | 0.141 3 | 48.2

DNI150| 24.9579 | 224512 | 45283 | 14626 | 3.0658 | 0.2671 | 18.8298 0.03952 | 0.12337 | 0.168 3 | 49.4

DN200| 25.0912 | 22.4537 | 44103 | 1.4636 | 29467 | 0.3212 | 22.6482 0.03953 | 0.12292 [ 0.2191 | 51.1
4.2 TESHETFOIHEERTLS T ) .35/ 893 T LA S5 K JE A0 28 k) . 8
4.2.1 JAHERERANAK P, Ko TR, B B S BRI % 0 N7 A8 28 55 AR
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BT AR TSR RE
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Tab.3 Process parameters of pipeline heat loss calculation(7,=60 °C, £=0.25, P,=35 CNY/GJ)

i T/C QN(W/m®) 1w/ /W ot D ,/m q/(W/m) g D, In D, Dy/m | 6/mm
(< K)] | (m*-K)] | (m*-K)] (m-K)] Dy
DN20 | 259593 | 35.0165 | 5.8759 | 1.4700 | 4.4059 | 0.0750 82497 | 0.03959 | 0.07697 | 0.0269 | 24.1
DN25 | 26.0663 | 35.0196 | 5.7728 | 1.4709 | 43019 | 0.0840 9.2370 | 0.03959 | 0.076 73 | 0.0337 | 25.2
DN32 | 26.1835 | 35.0230 | 5.6639 | 14717 | 41922 | 0.0949 | 104381 | 0.03960 | 0.07648 | 0.0424 | 26.3
DN40 | 26.2537 | 35.0250 | 5.6007 | 1.4723 | 4.1284 | 0.1020 | 11.2224 | 0.03961 | 0.07632 | 0.0483 | 26.9
DN50 | 263801 | 35.0286 | 54903 | 1.4732 | 40171 | 0.1161 12.768 6 | 0.03961 | 0.076 04 | 0.0603 | 27.9
DN65 | 26.4961 | 35.0319 | 53928 | 1.4741 | 39187 | 0.1305 | 14.3530 | 0.03962 | 0.07579 | 0.0730 | 28.7
DN8O | 26.6231 | 35.0356 | 52899 | 14750 | 3.8149 | 0.1481 16.2876 | 0.03963 | 0.07551 | 0.0889 | 29.6
DN100 | 26.796 0 | 35.0406 | 5.1560 | 1.4763 | 3.6797 | 0.1754 | 19.2999 | 0.03964 | 0.07513 | 0.1143 | 30.6
DN125| 269520 | 35.0450 | 5.0410 | 1.4775 | 3.5635 | 0.2039 | 224375 | 0.03965 | 0.07478 | 0.1413 | 31.3
DN150 | 27.0875 | 35.0489 | 49452 | 14786 | 3.4666 | 0.2320 | 25.5334 | 0.03966 | 0.07449 | 0.1683 | 31.9
DN200 | 27.3039 | 35.0551 | 47995 | 14802 | 3.3193 | 0.2843 | 31.2888 | 0.03967 | 0.07401 | 0.2191 | 32.6
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Tab.4 Comparison of calculation results of unit area heat loss

W/m?

EgE|

B TR AR B

DN20 DN25 DN32 DN40

DN50

DN65 DN80 DN100 | DN125 | DN150 | DN200

T,=70 °C | 25.303 1 | 25.304 6 | 25.306 2 | 25.307 1 | 25.308

9

253104

253121 (253145 253166 | 25.3184 | 253214

T,=65 °C | 23.9025 | 23.903 8 | 23.905 3 | 23.906 1 | 23.907

7

23.909 2

239107 | 23.9129 | 23.9148 | 23.9165 | 23.9192

T,=60 °C| 22.4385 | 22.4397 | 22.441 0 | 22.441 8 | 22.443

2

22.444 6

224460 | 22.4479 | 22.4497 | 22.4512 | 22.453 7

T,=55°C|20.897 9 | 20.899 0 | 20.900 2 | 20.900 9 | 20.902

2

20.903 4

20.904 6 | 20.906 4 | 20.908 0 | 20.909 3 | 20.911 5

19.2625 | 19.2634 | 19.264 5 | 19.265 1 | 19.266

7,=50 C

2

19.2672 | 19.268 4 | 19.2699 | 19.2713 | 19.2725 | 19.274 4
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Fig.2 Function graph corresponding to mathematical
formula (23)

d & 2 AT 40, 24 778 (20,50) “CIX Al o, Fifi Y
JEE T i AL 3 1 5 24 D, 7E (0. 065, 0. 380) m X [f]

i o, S 3 I . PR =50 °C.

B0 (b) (3 My R et (13) o BOAMEESORTI R IR L, JAUE. 54 7,25
D,=0. 065 m B, o, BUA5 5t KA 8. 375 9 W/(m2+K) ;
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Fig.1 Function graphs corresponding to different

mathematical formulas

AR NS BRAE A 12.692 7 W/(m*-K) , fie/IME N 5. 133 5 W/
G0 CRACEWRE TR L BIAR (2K,

M (14) I RE RIS AR BRI 3N H S ZE L FET=20 CRYATIE T, oo, 1Y U V5 ]
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INEAR,F R AT HOR R ABKE W AR LT H 7

FHA2k FH2H

AR BOBOK , S AR BBH /DN AT R K el
PRSI, B o RATEEE 1. 63 W/(m®-K)
G B, BLRE T BRI H A3 24, il
B A
6 EHHHELERBRSH

DETF RS L, SR Bt " A0 T op g 44
KA WA

“HUP T P366 S AR AL I — i 12 R A
F 14 A 504 R, TR B T30 Ao %
BT AT POK R GE, KR R 70 °CLE
PN EREE I JEE 20 °C, PRI A VL RIS S 1 i , Rl
FHin=0. 6. &M AT IR ECOKAE BB K
B 5 K6,

®H EXREMBMEABIHELER
Tab.5 Calculation results of heat loss of pipe

network in upper area

pppe | ERR| RORER e
JEJE mm |[$#185/(W/m)
DN32 432 10.233 9 18.0 184.2102
DN40 44 .4 10.890 9 36.0 392.072 4
DN50 46.4 12.168 8 72.0 876.153 6
DN65 48.2 13.456 5 34.6 465.594 9
DN80 50.0 15.005 9 15.0 225.088 5
DN100 52.2 17.3815 50.5 877.765 8

®6 TEXEMHAMABITEER
Tab.6 Calculation results of heat loss of pipe

network in lower area

| AR RACREERGR .
B | A (Wim) BR/m | AW
DN32 | 432 10.2339 18.0 184.210 2
DN40 | 444 10.890 9 33.6 365.934 2
DN50 | 46.4 12.168 8 5.4 65.7115
DN65 | 482 13.456 5 46.5 625.727 3

e S AT, b DX R Hu A 2 5 24 4 3 020. 88
W, “Hbt " H B AE M 18 600 W, BT # 1 6. 16 15 .
M 6 A, R DX R R i 20 1 241,58 W,
“H T EAE R 5900 W, ZRTH 4. 7515 .

“F W P602 SE - KL 5 Sy SRR, AT 280 5K
PRAE, 70 B9 s A IA] . 5B A2 Hh A TR UK R 58,
ARG L 55 °C, NI ELIRE 20 °CL AR
WAL R W R AR B AR R U n=0. 7, Fe IR R
DR BRI G HAR LR 7

i 26 7 AT, HAOK B K IR PR ok Bl

3081.011 6 W, Rl 11 091. 64 kJ/h.“F M7 dit8EAH
A 16 562.20 kJ/h, HHETE ) 1. 4965,

R7T BEMPRKEBITEER

Tab.7 Calculation results of heat loss of pipe

network

| RgE [mpkERa] o

R B | 2 AW /m) B /m | PR E/W
DN20 33.2 6.124 7 19.6 120.044 1
DN25 34.9 6.785 2 50.4 341.974 1
DN32 36.5 7.577 1 151.2 1145.6575
DN40 37.5 8.090 5 68.2 551.772 1
DNS50 39.1 9.092 6 68.0 618.296 8
DN65 40.5 10.108 9 30.0 303.267 0
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