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Development of High-Efficiency Sewage Heat Utilization System for Medium- and
Small-Diameter Sewage Pipes

Kenji Mikoda Hiroshi Harashima

Eisaku Sumiyoshi
Abstract

The authors have developed a system for laying a sewage heat collection tube inside a sewage pipe while
simultaneously rehabilitating the sewage pipe, using a light curing method. This is a sewage pipe rehabilitation
technique for medium- and small-diameter (not more than 900 mm) sewage pipes. First, a test model device
comprising a 10-m long pipe is manufactured at a point 1.8 m underground. Furthermore, a quantitative
evaluation experiment of the sewage heat collection performance is conducted for a conventional heat
collection tube with a wall thickness of 1.5 mm. Next, to improve the heat collection efficiency, a thin-walled
heat collection tube with thickness of 1.0 mm is manufactured and installed in parallel to the conventional heat
collection tube in the same sewage pipe. Comparative verification experiments of the heat collection
performances of both the tubes are conducted, and the improvement effect of the heat collection by the
thin-walled sewage collection tube is verified.
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Temperature Comparison between Sewage
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2823A 343|  20.1 10. 1 1.7 12.4 209
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Relationship Between Sewage Flow Rate and Sewage Heat
Collection Ratio or Heat Recovery Temperature
(Flow Comparison Experiment)

Table 7 WSHPEREVAI D5 F: (B AVE HLig SE5R)
Heat Collection Side of Water Source Heat Pump Result
(Heat Collection Tube Comparison Experiment)

SRSV N g E . TR | EEE[BYER | SRR | BRx
DI Wx D EIRETZ @\W)ﬁi‘%ﬁigm SR aet [ ®RE | o [T i | oeD | Gree)
T, RREICERBVE DS N0F & BEIGRE 1372 (0] [[t/minl| [c] | [c] | [c] | [Wn]
DEL<RY, B ZRWSHPHEIRI D22 5 7z, 28278 10] 154 40 6.4/ 82 238

37108 10 158 51 72| 12.2 216
- = 20288 14 179 e8] 85 82 235

55 iy TS A Ik BB ST R
4. BRETKERREMERETMEER I o T T R R R
3H9H 14 184l 74 9] 119 212
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Table 8 WSHP R DS 5 (BREVE i K 5R)
Heat Dissipation Side of Water Source Heat Pump Result
(Heat Collection Tube Comparison Experiment)
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(BLEE LU iR FEBR)
Relationship Between the Number of Heat Collection Tube
Rows and Sewage Heat Collection Rate or Heat Recovery
Temperature (Heat Collection Tube Comparison Experiment)
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LTINS,
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REDOLA, SCOPIEL - & mWERENHIfFTEL LT
HEnd,

5. F&H

SerEfb LA W T, RS 1.8mit Iz NAR300mm, &
E10mD FARBFA S 27 LOEFEBLZREL, T
BEVE 7 TSI LTz, £ 0 L T20174F & 201948
D2RNZ o7 > THEEFM R 21TV, LT O R 2157,

1) AMIEAREREIT > 7-AER, TKEREASRIL245W/m

LR T R — VAL R D5 ~6fE DEREWERE R A L,

Table 9 FEPIEREVE VERERTAM IR D S
The Conditions of Thin-Walled Heat Collection Tube
Performance Evaluation Experiment
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Fig. 12 WSHPA-RIREL & it
Water Source Heat Pump Parts Temperature and Flow Rate
(February 15, 2019)

Table 10  WSHPEREMA 0 A (T K/ 7 525R)
Heat Collection Side of Water Source Heat Pump Result
(Sewage Small Flow Rate Experiment)

g e |TKE| RE [BEEEEVEN RRE
(TH7) | (FL1) | (THD) [ (TH2) | (t&1E)

[c] |[L/min]] [c] [ [*C] (W/m]
2H68| ftEE -| 1729 271 5.5 324
ERE -| 17.8] 3.9 6.7 330
288A| #exE| 16.0] 182 27 55 336
wme| 16.0] 180 3.4 6.3 343
28128 #tk%E| 161 17.8] 2.9 5.6 316
wme| 16.0] 17.4] 3.8 6.7 322
28138 #tske| 160 17.9] 2.1 4.8 326
| 16,0 181 3.8 6.6 324
28148| #tk%E| 160 17.9] 24| 5.2 318
wmme| 16.1] 17.8] 3.1 6.1 338
28158 #tske| 161 17.8] 2.0 4.8 324
@] 16.0] 180 3.3 6.1 330
- ek 16,0l 17.9] 25| 5.2 324
R sle| 16,00 17.9] 3.6 6.4 331

Table 11 WSHPEMR i (R 7K/t B F28R)
Heat Dissipation Side of Water Source Heat Pump Result
(Sewage Small Flow Rate Experiment)

. %E [2UB[EUR| BRE |omo .| SCOP

B BRE| o) me) | (He) |(rem) [PEEI | ()
(minl| [l | el | Dwm) | [

2H6B| #EEE 13. 8 36.9 31.1 5. 07 1. 86 2. 63

BERE 14. 2 38.9 33.4 5. 05 1.75 2.88

2A8R| HXE 13.7 35.9 30.2 5. 14 1.83 2.78

EAE 14.0 36. 1 30.4 5. 25 1.76 2.98

28128 | k& 14.0 36.5 31.1 4. 96 1.73 2.84

ERE 14. 4 37.9 32.5 5. 09 1.69 3. 01

2A138| itkE 14.0 36. 4 30.6 5.27 1.87 2.79

BERE 14. 4 38.6 33.1 5.18 1.77 2.94

2H148| itk E 14.0 3b.7 30. 1 5. 01 1.79 2. 86

EAE 14.3 36. 2 30.5 5. 26 1.76 3. 01

281658 | k& 13.9 36. 1 30. 4 5. 21 1.87 2.77

BEARE 14. 4 36.8 31.2 5. 27 1.76 3. 00

EHETMm| HEE 13.9 36.3 30.6 5. 11 1.83 2.78

BARAE 14.3 37.4 31.9 5.18 1.75 2.97
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Fig. 13 WSHP#-HIREE & i 5:(20194-2 A 28 H)

Water Source Heat Pump Parts Temperature and Flow Rate

(February 28, 2019)

Table 12 WSHPEREMAI 0 #f Fe (T AR 52 5R)
Heat Collection Side of Water Source Heat Pump Result
(Sewage Large Flow Rate Experiment)

. [TkBE| RE [E=R[2VUE| BRE

B[ BRE | qyy| FLy | (Hn | (H2) | (ass)
[cc] |[L/min]| [c] | [C] [W/m]

25288| #%&| 159 17.5] 1.5 4.1 299
wmE| 15.9] 17.8] 27 56 326

3A18] #tx®| 16.4] 17.5| 26| 51 278
WlE| 165 182 39 65 312

3848 wkE| 16.4 18.3 2.6 5.1 272
wemE| 165 185 39 66 280

3A68| k& 159 181 26| 409 274
wmE| 15.9] 182 43 6.6 281

3A60| #txE| 16.3] 182 25 49 275
WlE| 16.6] 188 51| 7.3 271
THEm| exE| 162 179 24 48 280
wpmE| 16.3] 183 40 65 294

Table 13  WSHPHEME D5 (R KKk & F25R)
Heat Dissipation Side of Water Source Heat Pump Result
(Sewage Large Flow Rate Experiment)

g | FE [EUR[EUR| BRE [ T S0P

BO|RRE| Flo) |we) | (He) |GrEm) | FEE | cram
[Wmin)| (] | rel | T | o

28288 | ’EXE 14.0[ 36.8] 31.1 5.07 1. 86 2.73

HARE 14.3] 36.5] 31.0 5. 15 1.75 2.94

3ATE| /EkE 14.0[ 39.1 33.7 4.7 1. 82 2.68

ERE 14.4] 39.0] 33.6 5. 11 1.75 2.93

348| ’EEE 14.1[ 38.9] 34.0 4.49 1.63 2.75

ERE 14.4] 38.4] 33.6 4.51 1.51 2.98

3A58| ’EkE 14.1] 38.8] 33.9 4.58 1. 64 2. 86

ERE 14.4] 38.0] 33.2 4.59 1. 45 3.12

3H6H| HEEE 14.2] 36.9] 32.0 4.52 1.77 2.58

ERE 14.4[ 38.3] 33.9 4. 44 1. 44 3.09

T Em| RERE 14.1] 38.1] 32.9 4. 67 1.74 2.72

ERE 14. 4] 38.0[ 33.1 4.76 1. 568 3.01
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