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Algorithm of Room Input Exergy and Application Analysis
of Exergy Cost for Air Carrying Energy Radiant Air—conditioning System

GONG Guangcai’, YIN Dan
(College of Civil Engineering, Hunan University , Changsha 410082, China )

Abstract: Based on the heat transfer process of orifice plate and the exergy analysis method of traditional men—
tal radiant panel and convective air—conditioning terminal, the algorithm of room input exergy for air carrying energy
radiant air—conditioning system (ACERS) was proposed. The exergy cost analysis model of ACERS was established
by exergy cost analysis method. The unit exergy cost of three radiant air—conditioning systems including ACERS,
capillary radiant air conditioning system and a combined system of split air conditioning with floor radiant air condi—
tioning, was compared under the premise of thermal comfort. The results show that the unit exergy costs of capillary
radiant air conditioning system are 1~3 times higher than that of ACERS in office buildings. The unit product exergy
cost for the year of a combined system of split air conditioning with floor radiant air conditioning is 1.2 times higher
than that of ACERS in residential building. It is found that the overall exergy economic performance of ACERS is su—
perior to the other two radiant air—conditioning systems, which is of great significance for future engineering applica—
tion of ACERS.
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Fig.1 Operation schematic of ACERS
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Fig.2 Exergy flow process of ACERS
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Fig.3 Exergy cost analysis model of ACERS
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Tab.2 Investment and annual maintenance and management cost of ACERS and capillary radiant air conditioning system
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Tab.3 Exergy flow of ACERS and capillary radiant air conditioning system
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Tab.4 Investment and annual maintenance and

management costs of ACERS and a combined system of

split air conditioning with floor radiant air conditioning
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Tab.5 Exergy flow of ACERS and a combined system of

split air conditioning with floor radiant air conditioning

e i, FOLRG wHEGHE SERSE L. ;
20N Team wam emm oA
R /(kW+h)  /(kW+h) /(kW+h)
ERB HE 49310 54.99 19.77 —
REfm AT
SRS A% 1999.09  336.01 230.35 —
AR HE 699.66 142.29 33.41 —
P )+
HEE(%) &7 704646 377.88 230.35 84.74

% e R PR R AR B, B i TR RY
2P R G AR IR 10 4F 45 S8 5T Aedr 8 B
T A RIR AR LA 25 1 &R G AL L 12
ASSCE 2 YT AL 1 A8 TR RE R A =S T AR ST
ARG A K BRAT 1) A% Gt 25 3 3 GEAIAS 7 i
R T SAT 2 W o 2 3 7 S 9 2 34 s ) i A
BN ISAS R ZS 8 R G0 A ) BSL AR

Bl 6 o fE T S 2 AR AE R S 25 I R G
R S T o M B AR T 04 5 9 o ) i AR 4 246
JASKE L, B 7 D R A8 25 38 2R 07 dl R EAA AR
X EE. P AT, (6 0350 PR s ] R e 1) 25 3041 7 [
i AR B AR v TS R RE R S S R R B, it
M2 S0 O Wt AR T 2 RO A s TR AR 0, AR TT A A
G 25 8 s 1) ACHR BT A AH 22 AN K
PO ] ZR 587 i RS BEAS R RN, Bt v 30 A X
2V RGBT i TS AR R AT S R G, (R
B 2R GE I v T2 A RE R A =S R AR 4, 2 4F 0
AR 2 TR 8 28 9 1)) it ML PSS Oy 28
REAR S 25 T R GERY 1.2 A8l B R] L, 70 e A

B2 R AR AR 25

30 ¢ 27.50
G 25.66 p 4 s Z
T 7/ @ REEs R () + iz (4¢)
; 25 %
Z 20 |
@ 15+ 13.54 13 9 15241453
£
= 10 |
3
EE R
gy

0
P AAf

HEA
B 6 AT &P BB AWML 7 A

Fig.6  Unit room input exergy cost of air—conditioning

system of residential building

140
117.10

gt

Bz SAR
A7 AR P ER AR R R A

Fig.7 Unit product exergy cost of air—-conditioning

system of residential building

EPIEEOR B ETHE T, N T AN, 5k
25NN R GUAH LE , 25 AR AR S 25 T R L B
PRI TR

4 & it

7RG i 3 A S FLAR O A AR, 455 &
Ji i AR RO 2 S R B o M ik PR T AR
AR 258 s Tl AR Rk, R AT
AT AL T A AR AR R A 2 A R S ML
AT,

2) s A EBE R A 25 8 R G AR S A A
B FEE T W R S A SRR B S 2
I D 1) iy A AP JAS A0 23 98 28 877 il JAR B2 i
A IR R AT I ZORBITE OL T, 5 B
B 25 8 R G R S Iz SR ST X L
LURKI], 2 T ABE R AT 25 IR R G SRR BTk
T

25 TR I 25 A 2R G A g — iR 1L ) S
ARG, T HAUF A RGPS PE AT RENE , AT L%
DNy SREARAC Y M IX — A 23 B A S 18— s 1 A SO
T RAR S S P R G A T ROHAR T, S
e TR L B SE PRt IR ) — 7 i i S AR

S 3k

(1] e, )&, TR0, 45, e 5 I8 15 REHOR [ M ). JE 5T HLI
Toalk i, 2015: V.
LIU Y H,LIU X, WANG X K, et al. Energy saving technology of the
HVAC system [M]. Beijing: Mechanical Industry Press,2015:V.
(In Chinese )



140 il PNE = =R RS 2019 4F
[2] FERE, B/NK, SRE, S5 RS T RGN KBTS IIRZ: environment and energy transfer on air —borne energy radiant

R[] SRR X2, 2014, 33(5):47—50.

WANG C G,MA X F,YAN S Q,et al. Overview on development
and research of radiant air conditioning system[J ]. Building Energy
& Environment,2014,33(5):47—50.(In Chinese )

SR, AT, SR, A 25 SRR AR ST 25 TR R i R e AR A%
RS EATSE ()] I Il (AR RR),2013,40
(12):31—38.

GONG G C,YANG H W,SU H,et al. The research on simplified
algorithm of radiative heat transfer for air carry energy radiant air
conditioning terminal system [J]. Journal of Hunan University
(Natural Sciences ),2013,40(12):31—38.(In Chinese )

AR, 3R, 5D, 5. 2 AR R S 2 T R G LR 2
FEVEREARTEL) . 3R, 2014,30(8):79—84.

XU C W,GONG G C,YANG H W,et al. Numerical study of
moisture condensation on pore panels of air —carrying energy
radiation air—conditioning system [J]. Building Science,2014,30
(8):79—84.(In Chinese)

GONG G, LIU J,MEI X. Investigation of heat load calculation for
air carrying energy radiant air—conditioning system[ J ]. Energy and
Buildings, 2017, 138:193—205.

SRS AR R AR IR TR IR TE (D ] Kbl g K
AT REBE, 2015:15—27.

WU F H. Experimental research for application based on radiation
terminal of air carrying and storing energy [D]. Changsha: College
of Civil Engineering, Hunan University,2015:15—27.(In Chinese )
e N RICANE AL B A1 2 2 B, OB 50736—2012 R
ARSI X 5 2 S B ELS . A st RS Tl
JE#t:,2012:7.

Ministry of Housing and Urban—rural Construction of the People’s
Republic of China. GB 50736—2012 Design specification for civil
building heating ventilation and air conditioning[ S ]. Beijing:China
Building Industry Press, 2012:7.(In Chinese)

U, SRR R, A R ) 2 AR RRAR S AR i IR B
LERemsEl) ). #HIRE,2017,33(10):113—119.

HAN J,GONG G C,YANG H W,et al. Study on thermal

[9]

[10]

[11]

[13]

[14]

[15]

[16]

terminal in large space| J ]. Building Science,2017,33(10): 113—
119.(In Chinese)

LOZANO M A,VALERO A. Theory of the exergetic cost [J].
Energy, 1993, 18(9):939—960.

BOLR G, FAT . B T s R IR R G A
L] IRl (AR , 2005, 32(5):16—19.
GONG G C,ZENG W,CHAGN S J. Scheme—-selection optimization
of air —conditioning heating and cooling system based on exergy
method [J]. Journal of Hunan University (Natural Sciences),
2005,32(5):16—19.(In Chinese)

BASPRR, 2054 INVE W, A IR R B IR 274y
BrlJ ] AP R 22 Rk (A SRR 2R , 2009, 37(4):97—100.
HU P F,LI F R,SUN Q M,et al. Thermodynamic analysis of the
economy of GSHP systems [J ]. Journal of Huazhong University of
Science and Technology (Natural Science Edition),2009,37 (4):
97—100.(In Chinese)
ALKANMA,KECEBASA,YAMANKARADENIZN. Exergoeconomic
analysis of a district heating system for geothermal energy using
specific exergy cost method[ J |. Energy,2013,60:426—434.
WANG Z,HAN W,ZHANG N, et al. Exergy cost allocation method
based on energy level (ECAEL) for a CCHP system [I]. Energy,
2017, 134:240—247.

Rl A HUALDE SRV Al i RGBSV TIATSE [D . Kb
IR 1R TRR2EBE, 2013:40—48.

ZHOU Y. Rsearch on the building heating and cooling system with
exergy analysis[ D |. Changsha:College of Civil Engineering, Hunan
University ,2013:40—48.(In Chinese )

MIN T C,SCHUTRUM L F,PARMELEE G V,et al. Natural
convection and radiation in a panel heated room [J]. Ashrae
Transactions, 1956,62(1):337—358.

A BB RGP I R IM ). P22 P4 2 25l R
HiptkE, 2005:217—218.

FU Q S. Thermodynamic analytic method of energy system [M J.
Xi’an:Xi’an Jiaotong University Press,2005:217—218.(In Chinese)



