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Optimum Working Condition of Waste Gas Evaporator
with Z-Shaped Double-Folded for Public Baths

LI Huixing ,LU Yuhang , FENG Guohui ,HE Weixuan
(School of Municipal and Environmental Engineering, Shenyang Jianzhu University , Shenyang , China, 110168 )

Abstract:In order to solve serious waste of waste heat from public institutions’ baths,the research
on the optimal working condition of z-shaped double-folding exhaust gas evaporator was carried
out to optimize the use of non-renewable energy and reduce the environmental heat pollution, and
the heat generated from waste gas in university baths was recovered to the greatest extent. Based on
the layout of a university’s bath in the shower area,the discharge form of the bathroom’s high-
humidity exhaust gas was analyzed. Convection heat transfer was strengthened by increase of the
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heat transfer area and the turbulence intensity. After the fins of the coiled tube evaporator and the
two parameters of angle and spacing changed ,through numerical simulation speed ,temperature and
pressure are analyzed to obtain the Nusselt number on the surface of the fins under 18 working
conditions. The simulation results show that in university bath dual-source heat pump with waste
water & exhaust gas is used,and the shell and tube evaporator is used for waste heat recovery. A
snake tube type finned evaporator is used to waste gas recovery. when the fin angle is 45° and the
fin spacing is 6. 5 mm, the synergistic effect of the the snake tube type finned evaporator between
velocity field and temperature field is strong, the convective heat transfer effect was more
remarkable , the Nusselt number is the largest, the heat exchange by the fluid in the evaporator is
the most sufficient,and the heat exchange effect of the evaporator is the best. In public baths waste
water&exhaust gas can be recovery to achieve energy conservation and treatment of air pollution,
which provide a new way of energy saving for ancillary services like public building.

Key words: exhaust gas evaporator; university bath; numerical simulation; recovery; turbulent

flow ; heat transfer
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HR

airl 9 6.5 60 0.35 400 x600
air2 5 13 60 0.35 400 x600
air3 9 6.5 30 0.35 400 x600
air4 5 13 30 0.35 400 x600
air5 9 6.5 45 0.35 400 x600
air6 5 13 45 0.35 400 x 600
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Table 2 Simulation condition

To MAERSEER HFRRE/ (m-s™h)

airl
airl
airl
air2
air2
air2
air3

air3

O 0 N N W R W =

air3

)

aird

aird

—_
NS}

aird

—_
W

aird

—_
~

airS

—_
wn

airS

—_
o)}

airh

—_
=

air6

—_
oo

air6

2

B R T S I T S e S R e

4 BIIGE RSy
4.1 MEREZSRIHSW

i8] fluent BEAARAE, T 00 1 Y 3 K

BN LUK 4 F 5 Fw.

Fig.4 Speed vector at 60° angle of fin

B4 R 60° b b

B S5 AR R R R

Fig.5 Air flow diagram around the finned tube

MG FE R ] DL AR AR EA
JU R 3E 3 7R R S T A X A R T )
PR RGN AT R DR AR 0. AR
RV R R 09T &8, 77 AR T W Il 1 3 i X
BT AR, PR T R R A
R NS SR ] LU ) 7Eh Bl A H
LA A R B ] —F, 7RG ]
FE RN B — B G O, B SR e A
FEIT KA S i e BES  JFAE i) E
TR A AR B TR AR A T B R A
W AdiE S BRI — B A, TR S
W A R A O, S A2 R RS  E T
FR IV R A 7 A K e AT I AE M R
B 2R
4.2 BIRBFR#ASH

6 S ANIR] s g I R A R T AL |
TZE M R A 2 L AU AT LN AN [ A R
SIRIFE A R AR s B R
R AEER R IR DL R ) B AR BRI
R W= S £ R e = W] IS D s v A W 7S e
TR FVRRAE A BE DL KO [R) (%42 30 26 B, T JH:
TIRBONEE . 28R A BHEE—E , Tk
Pk — , I ) A R - v e i Ry %
FEIREL. VN A48 E RSO f BRI A
J BT

APD
=—2* (11)
2pu”L
N
= (12)
Re Pr3

K AP L A BEH CUERE, Pa; D, Rl A
HEM O K O B AR, myu I EE O
m/s; L AR, m.

XA 18 B T 0L B 2 B nl 45 Bl
W R A EE R R, ACJT 1) 5 R 22 ()
T — 3, U R I S B A TR
R BRI BE Rl Fr 52 BEL T W Sl s 55, A<
FERCR. i 00N i SR bE & 25 |8
FHES (38 K FIN-1 W5 7 3% 10 A9 i L2 R
JEE A BT T R R, D % e AR AE )



%3 FREE GG TN Z PR R E K A i T AR 565

FrIRIEE R 13 mm BORGEL T, ATRIERIE = 18 A ERIES R R K TR . o
LA B FIN-1 B RS B, 7= A T A AR R B R A AR [R], HL KT 1 &
PR ZIORAER. TR NRIES AR, ORS00 iR ARCR 2
R JBE A e A R R SR A BT LA R R ERI A

FEJ1/10°Pa FEJ1/10°Pa FEJ1/10°Pa

3.0 3.0

2.6

4 4 T

35 %5 9

18 18 1.6

14 16 14

12 12 1.2

b3 | 83 08

84 o g9 . ¥

. Mo2 ™ 0N 0.2 w Feiini] 0.2

(a) L1 (b) L2 (c) L3

10°Pa FEH/10°Pa FEH/10°Pa

%Z% - l%jg - 2.4

74 "% b

2. 1'3 ~1'8

1.3 1.6 1.6

1.6 1.4 1.4

1.4 12 1.2

12 1.0 10

p 82% 82‘% 8:%

o 04 63 63

(d) L4

(g) L7 (h) T8

G)LHL10 ((9ERVTAD WHIZE12

LD ] ] | OO=mNNW
BRLLNN——O  iioine -
i

Loboooin

(m)T. 4213



566

Tk B B OR E eE R (A SRR )

TR

]

(p)LHL16

4

(q %17

HFE/(m-s™)

=}

LRI R ==l ST
WWNN——O  isihon

NONOWNOWn

(nT.H18

6 L& 1-T0 18 fitl =

Fig. 6 Simulation cloud map at working condition 1 to 18

SRR RE LA AL S X S5 S IR B R, EA T
AL szme. /7 T 1 A T8 13 (YFIN-1%%

3500

o
3000 °
o8
2500 §
. 2000
2
1500
1000
500
0L 000 00100 69 00 9010 08 08 0818 08 08 8,
-0.013 -0.011 -0.009 -0.007 -0.005

R A ER/m
(a) L1FIN- 135 S /R ¥

TEIREL.

3000

2000
21500
1000 -

500 [

0 o o L0 6.0 0,000 00 0 °°
-0.013 -0.011

R R 5 BE B /m
(b)L13FIN- 155 £ /R 5

7 T 1R 13 (9 FIN-1 $358 /K50
Fig. 7 Nusselt number of FIN-1 at working conditions 1 and 13

M7 H AT LA, b 5= B
ARSI A2 I8, O EL 55 28 /R B S b . M se
I T AR A 52 Al A TS S R LA B A % 3 T
SRR DRI R, R I SRR R
BB BN (PR ST A
(55 FE /R BGZ W K T, 468 ) 1 ) 55 28 /R A0
I T TR A 55 2 SR RN T T B
SRR T PR O I MR U 1 0 D
TE I A A O L2 1 5% JE 2R BRI 4
T 1SRRI AR A X S AR T Y
. d i A T = EARR E S 18 A
53 AR 2 18] A=A Sl 391 1), At ot 1l
gL JF BT b 22 7 1) L ) 45 4 78
. S8R DX R 0 ) R 08 P A D/ 1
HRRE I ML BB B 2 AL A8 e A, ORI T
¥y i S ) ik B2 R € 37 22 [ 4 B3 [ 0. 573
Sb TERTE AP AE AL P 7R I A

R SR 55 FE IR A Ak

MR 3 R BRI , PR AL A48 7E 6. 5 mm
A1 13 mm &b 1) I B 3 R0 B S EL AT R Y
PMEIFE T, 302 Hh 3 R i e 8
TEARGE WS AT IS T A6 A s it b
FEAR R IR T, N T i )2 IR I
55 178 R p xR eI B A A R
60° 45°F01 30° = Fh T30 . il - #A BE R, il sty
U i 22 [ A4 e 22 8K, B R )5 3 9 e ) 5
Pl ™ E . R/ RS R R AR
X3 K R TR AR i S 6.5 mm (Y B
BIHEAT LU A, W R B ARER R Bl B T AR
A DX 355 47 gl 3. UARE A B Sk 30° B, Bl
Je TR XA T B 2 . B R oA
J45° TR 6.5 mm T4 5, T 11 F0
T 17 W55 S IR 5 20 T AL e 4
T4 1 4% 8 IR 5053 5l v 2 83.3% . 39.5%



Ll BERS S TR Z IR R R LA i L Lo SE

567

%3
45.2% 66.3% 97.1% .
5 %% i

(1) W A A BN 450, Bl FIa] 5 R
6.5 mm T-Li, Hod B 3 5 16 R 37 U [R) A
R i, SR IR B B (.

(2) B R F B 45° B Frla)#E 6.5 mm By
TS o011 FUTAE 17, 25 % 25 T Ak ot

1T ARSI AR TT ) , 78 KA R HAICR B
S 3k

(1]

AN il SRS TN 3 g a
Jai 5 ,2018(17) 1 70.

(LUO Xing. Analysis on key points of energy-
saving design of building HVAC [ J]. Home,
2018(17) :70.)

B X T2, EVUE . SR AN =
PR RGBT T R [ 7] BEREOR
2005,26(1) :31-32.

( HUANG Kunrong, LIU Shengxue, WANG
Hanging. Research on the heat pump system
used for recycling and reusing waste heat in a
college bathroom [ J]. Energy technology,
2005,26(1):31-32.)

KURIOKA H, OKA Y,SATOH H,et al. Fire
properties in near field of square fire source
with longitudinal ventilation in tunnels[ J]. Fire
safety journal ,2003,38(4) :319-340.

25 1. ARIR IR & 0B e Al 24 AR 9 1
475??5&% PEWFR (D] T M AR BT oK
2018.

(LI Rixin. Research on heat transfer characteristics
of cryogenic mixed refrigerant inside plate fin heat
exchanger|[ D ]. Guangzhou ; South China University
of Technology,2018. )

KOGH, KIM S R, RYOU H S. An
experimental study on the effect of slope on the
critical velocity in tunnel fires[ J]. Journal of
fire sciences,2010,28 (1) :27-47.

T2 B A R BT 5[ D]
Jeat bRt R 2013,

(WANG Rui. Numerical simulation study on
heat transfer of coil inside foundation piles
[ D ]. Beijing: Beijing University of
Architecture ,2013. )

e, TR ZE R s A E (R IR 2 PERE
WEFE[ D AEaT AURHEIE 5T A BE ,2017.
(LI Xiaojuan. Study on the performance of
protective coatings for heat exchange tubes of
open frame heat exchangers [ D ]. Beijing:
Research Institute of Mechanical Science,
2017.)

KEVIN M, HOWARD B, RONALD R, et al.

LT ].

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Fire dynamics simulator ( version 5 ) technical
reference guide [ M ]. Maryland: National
Institute of Standards and Technology,2009.
PSOMAS T,HEISELBERG P,DUER K, et al.
Overheating risk barriers to energy renovations
of single family houses: multicriteria analysis
and assessment[ J]. Energy & buildings,2016,
117.138-148.
KLEPACKA A M, FLORKOWSKI W ],
THING M. Clean, accessible, and cost-saving:
reasons for rural household investment in solar
panels in poland[ J ]. Resources conservation &
recycling 2018 (139) :338-350.
XYL, MEHE ) 18 28 e A AR RE I B M
AN BYAEE [ D], AT  #TVL R ,2003.
(LIU Xueling. Spiral finned tube heat exchanger
heat transfer performance test and computer-
aided test[ D ]. Hangzhou ; Zhejiang University,,
2003. )
JORGE A, DIONICIO R, JOSE L. Potential
energy saving in urban and rural households of
Mexico by use of solar water heaters, using
geographical  information system [ J ].
Renewable and sustainable energy reviews,
2016(53) :243-252.
SEENIRAJ R V, VELRAJ R, NARASIMHAN
N L. Thermal analysis of a finned-tube LHTS
module for a solar dynamic power system[J].
Heat & mass transfer,2002,38(4/5) :409-417.
KIM C N. A numerical analysis of the
ventilation performance for different ventilation
strategies in a subway tunnel [ J |. Journal of
hydrodynamics,2012,24(2) :193-201.
i R, Wkts, 22 45 0. W E =S A AT HOR
[M]. JE5¢, S T i 2008,
(MA Zuiliang, YAO Yang, JIANG Yigiang.
HVAC heat pump technology [ M ]. China
Building Industry Press,2008. )
GIANLUCA S, ORNELLA F,NICOLA D F.
Soil porosity in physically separated fractions
and its role in SOC protection[ J]. Journal of
soils and sediments,2017,17(1) :68-72.
YONG W FU,Z C TIAN, AZIZ A. Measuring
dynamic changes of soil porosity during
compaction|[ J ]. Soil & tillage research, 2019,
24(6),193.
GIORGI L. Data on household energy
consumption in small urban & rural settlements
of Georgia[ J]. Data in brief,2019 (24 ) ;:103-
105.
ADAM M. The fiscal impacts of energy:
perspectives from local governments in the
mountain west, USA[ J]. Energy policy, 2018
(122) :186-193.
Min X D, YANG. Situation and challenges of
household energy consumption in Chinese
small towns [ J ]. Energy and buildings, 2015
(107) :155-162.

(DUTSmE AR TN FOCHRG T2



