24 4
2000 7

JOURNAL OF ENGINEERING FOR THERMAL ENERGY AND POWER

Vol. 24, No.4
July., 2009

: 1001— 2060 (2009) 04— 0447— 05

Dulong —Petit 1% LA B Ao 4 3 AR GG SRS K

(BEITRKRF HR AR # KK 430033)

RS WAL AR K& AR L AZ R ] B 2t
Dulong— Petit f£ #ALAE] ¢ OCCCAD YY) T Am #4 5 AR Bk 89 R
MABATT A5, AR R F R FE T K KD i
B MR AZGY A AL B ARE B A e — ANE— L
SE k. BT &5 K Z W AR S0 KE Tk, AT
AR 89 BT S, TR AR B AR M ER 4 SO
AT AL Ao b ST LT Ao A RS K89 AR AR
BATT oA, R A9, & R 4 45 B e E— L K35
8 A AR A e AR AR B 18] 69 38 Ao AR R R #E ehd, BB A
E— LR35 R JE ¥ 1T oh 3048 4GB L, 12 2 R B 1% A
W H) E— L NG9 X RN 49, Andb 46 g A2y 45 12 B
AR BB A kit AL AT K 89 R K 2L TR AR R,

: Dulmy Petit B 5 B
. TK124 LA
Cc— E—
E'(0)— E,—
E;— fCoH—
K— P
q— R—
T— T.—
T y—
V0)— Vi
w— T
)\7
b
(1731 Rubin
[4~5]
b
[ 4]
b
: 2008—05— 15; :2009— 03— 26

(NCET— 04— 1006);
(T8I A s

(3 i
[6~9
. Band
q AT
( )[ 10~ 15]
[11]
g (AT D
( )
g CACT")
o [ 11]
. [11. 16 ~17] ,
Dulong— Petit g C<(AT)*
[ 18]
1
1 mol s
() (
)s Dulong— Petit
W =K (T T
b T TGX
E (0). 4
E )= ft)— W (t)—Sign(T— T« K[ Sign
(T— T ) (T— T > D)

c EF— ;W(l‘)_ ;Sign(T*Te,J

(200136



't "t
JO £~ di —JO{Em K[ T EC)/

° 448 - 2009
s T—Te=0 LSign(T—To)=1, T— G17* dr ©)
ToZ 0  ,Sign(T— T )= — ) .
W=PV (0, tm) ’
t
: [ ] : minHZJO’”[E(t)—K[ Ta— E@)/C]7de (D)
@Y (5 :
 Sivn(T—Tex WO EW K[ Ta—Ew/ ]’
RS E>" i[gsl(gﬁ(;—T I(T-T.)]% Jo E() dt
P(1),T,, V(t),n v
PV=RT = Eln 70) = constant ®)
(8 D) s
1(t)
L=E() —K[T E(t)/C]“+E(—t)><
rgp X £ — =
M1 #FRAAETEH (f()—EW+K[Te— EC()/ C]”* ©)
(0, tm) A - @ -
. ’ A _d L _ . _ 7
W:JOp(t)V(l‘)dl‘ (2) x dtaf_SKE(E MN(T—E/Cy)
 f— o V— ANCf—ACK (Tx— E/C =0 (10)
. : EO).f(0) 10
= W/{ E, & RTIn] Vi/ VO] } 3 A
t 2 o 4
:Jmf(t)d(t)— ; : SKE*O) T —E©Y G _an
0 ACfO+K[ E©+4C, T [ To— E©)/ C\]
Tex V(O) Vm (10) t s .
;R_ ° f(t)\ E(t)i 16C3 >\f[ TexiE(t)/C\r]3/4 (12)
T Va VO B " 5KE (1] 8C, T+ A—9E (1]
A an
EC() =0
2 [6=%17 E(p)
, P(O=RT(O/ V. E E(t)—E<0)+E(0)t+0(z)
(O=CyT(D. Cy = RE 1)/ ~EO)TEW©) (13)
LG @ EO) ; 12) y
.t V(t) :16C\,>f(0>[T9x_E(O>/Cy]
W:J Epn iBai @ EO=Sp oy sC.tat i—9EW)] ¥
[17] , &)
—C/R
- ETL ’ Vi) = V(())[ E(t) V exp
EQ
’ T— Tex<07 54
C, ") K[ T — E()/C)] (15)
) @ R E) de
=) —W(OFK(Te— 1" 5 " t
Ew {4) . ° 1B as
, : EQ©) VO
W:jom[f(t)—E(t)—i—K[ Too— E()/ Cy 7] dt , . (13)

s -



4 »: Dulong— Petit © 449 -
3 T
4B dKJO (Ta— E/CHY*dt
BETR RON dE"(0) -0 >
: (25) E (O :
an-~ a9 4, AN AN
E—L . (tw)  En
. () K(T—T)*
) 5 : 4
EWM=EW) vy MG (16)
EOQ) V(O V(0)=1X10 *m’
: {E" (). V )}, Vu=8X 10 m’, C,=3R/2.
Te=300 K, E0)=3780
1 t=0 ZO TR E() I FO= die '®, B=1s
E'(0)=EWO[ V' (©/ V) ¥ an
2 =0 t=tn E—L , ,
EW=E"(O+E 0)°1 (18) X h=0.05 s. 1
V(1) = V(())[ %%] o . K ;2 E_3
5/4 ’
{%J;f(t)JrK[ T;(—t>E(t)/CV] dt] (19) P
1 K
50y CHOLTamE/C1 ™" ANCE SR
5KE (0)[ 8CvText A—9E (0)] K=5 K=6 k=1
- 51@,’2(0)[ T.—E ) G M, O/ (X 10 Hm® 2. 924 64 2. 894 26 2.865 14
AC.f O KE (0)+4CKT.] [ T—E ©)/C)"* E' )] 1848 32 1 861. 23 1873, 82
Q@D V(t)/ <10 Hm? 3,175 09 3.219 16 3258 M
3 t=tm Vin E(t,)/] 1 883. 04 1 890. 4 1.899. 03
: EJ/] 101696 1030. 36 1043. 54
En=E )] Va/ V(tw)] S (22) Wy 289971 2911. 56 2923.2
E() V) (18) (19) 7 0. 558 655 0. 560 939 0.563 185
. 0= 1X 1073, V= 8X 10 °m%, C,=3R/2, T,,= 30K,
EWO.VWO) Vn , E(0)=3 780} f()=Ate "B, 4=4200 V& B=1% £,=0.05 s
W E ) .

b

t t
max W= JO'”f(t)dt+E<0>— Em—O—KJOm(Ta—

5/4

E/Co)7 de (23)
an -~ aey 22),
v | R
E.=E©) 7(0) exp
U’ f+KTe—E/C)”* }
0 E di Q4)

AW/ dE' ©0)=0, E ©)

, E=C.T 2 3,
E—L
Too=1300 K,
LE—L
. [11]



° 450 - 2009
1900 2400
1890 K=71/(s - K% 2300
2200 i 4
1880} L K=4x107]/ (s -K*)
- Dulong-Petit
- o 2100 fg- VK5 22
S o) . K=5 176 -K™ ?;l(%gﬁx%OGJK/s
K=14.71 /(s*K)
2000
1860 1 K=67J/(s * K%
1900 |
10 K=51J/(s * K5
1800 s ' s '
0 0.01 002 003 004 005
1840 : : : :
0 0.01 002 003 004 005 t/s
t/s
B4 vk RS T IR
B 2 Dulong—Petit f# #4 #£F E— L K35 AR ARE 69 AR AR ek R
R ARA AR 69 AR R KR
4.5
33
40¢ LR
sl K=05x 10°JK /s .
T e 23| e,
-
31t =
- 30¢
= K=6J /(s + K5
30} = s* : A
25} ?;%Tx 1073 /(s * K% K477/ G- K)
29 20 : . . .
E=7 Tita = X5 "0 0.01 002 003 004 005
2.8 ! L : 1 t/s
0 0.01 002 003 004 005
t/s B 5 wihadartg AT N3RS
B 3 Dulong— Petit 1% #5 £+ R34 HLPY ARG AR BT KR
£ BARGY AR TR X A
5
[11.16~17 .
° » Dulong — Petit [ OSCATYY
4 tn=0.05s , Dulong—
Petit 4 E—L ’ [17]
’ ’ 0 ~0. 05 S (tm
, =0.05s) Dulong—
—L , Petit s
3 ) A
5 tm—0.05 s 4
E—L . , 4 E—L
0~0.05s : Du- ’ £
long— Petit E—L L ’
4 5 , E—L ’

aE_L ’



4 »  : Dulong— Petit ° 451

heat—transfer lw J| . Appl Energy, 2007 84(9).944—957.

[ 100 BAND Y B KAFRIO, SALAMON P. Maximum work production from
aheated gas in a cylinder with piston [ J] . Chan Phys Lett, 1980, 72
(D: 127—130.

[ 11] BAND Y B, KAFRI O, SALAMON P. Finite time thermodynami cs:
Optimal expansion of a heated working fluid[ J] .J Appl Phys, 1982 53
(1. 8—28.

[ 12] BAND Y B, KAFRI O, SALAMON P. Optimization of a model extemal
combustion engine[ J| . J Appl Phys, 1982, 53(1). 29—33.

[ 13] SALAMON P, BAND Y B, KAFRI O.Maximum power from a cycling
working fluid[ J] . J Appl Phys 1982, 53(1); 197— 202.

[ 14 AIZENBUD BM, BAND Y B.Power considerations in the operation of

[1  HOFIMAN K H, BURZLER J, FISCHER A, et al. Optimal process
paths for endoreversible systems| J] . J Non — Equilib. Thermodyn,
2003, 28(3): 233— 268.

[2] CHEN L SUN F. Advances in finite time thermodynamics: analysis and
Optimiztion] M] . New York: Nova Science Publishers, 2004.

[3) ) [M].

s 2005.

[4  RUBINM H. Optimal configuration of a chss of ireversible heat en-
gines I.[ J] . Phys Rev A, 1979, 19(3). 1272— 1287.

[5]  RUBIN M H. Optimal configuration of an irreversible heat engine with
fixed compression ratio[ J] . Phys. Rev. A, 1980 22(4). 1741— 1752.

[6] SONG H, CHEN L LI J et al. Optimal configuration of a class of en-

a piston fitted inside a cylinder containing a dynamically heated work-
ing fluid[ J] . J Appl Phys 1981, 52(6). 3742— 3744.

[ 151 AIZENBUD BM, BAND Y B, KAFRI O. Optimization of a model in-
temal combustion engine[ J] . J Appl Phys 1982, 53(3). 1277 —
1282.

[ 16 , ,

[n. » 193 29(2): 97— 103.
[ 177 SONG H, CHEN L SUN F. Optimal expansion of a heated working

doreversible heat engines with linear phenomenological heat transfer
law[ J] . J Appl Phys, 2006 100(12): 124907.

[7] SONG H CHEN L SUN F. Endoreversble heat engines for maxmum
pover output with fixed duration and radiative heat— transfer law[ J .
Appl Energy 2007, 84(41). 374— 3&.

[8] , ,

fluid for maximum work output with generalized radiative heat transfer
law[J]. Appl Phys, 2007 102(9).094901.

[ 18] O SULLIVAN C T. Nevton’ s law of cooling— A critical assessment
[J] -Am. J Phys, 1990, 58(12):956— 960.

[J. G . , ,
2008, 38(8); 1083— 10%.
[9 LIJ, CHEN L SUN F.Optimal configuration of a class of endoreversible

heat— engines for maximum power— output with linear phenomenologi cal

(it 1h)

FE(OneP eTka 2008 F 9— 10 A F4RiE, JL KA K & bk A5 MO oA 209 £ B 2 & R4 69 B
BRARE., cERBBRAKNHF ARMEILE, TR MM ARBFESRETUT E 0% %A B E
AR F YR 0 HERK

AP BARARS S RAR RRIRSKE 25 MK k. A% PRCERN FAEE R T @ 3569
HEXF 1L 0%~55%. @ FTARAPH BHhA I ROXFG A ENSTFERDRA LN 5.0% ~5.5%, 4
FREB A =D RE %R 1.0% ~1. 2%.

AL RO ERSHEF LR LSRR ARG S HFLT, £RRARZAIRKESEE ¥ A P
B L2,

O RT M, R AR AR TE R A0 ARBESFEE XA RS 2B NE AT, TR XA &ZA P
PRk =) S8 K IR B3 B L R A0 A S L2569 R S, X B R FAAMEN 36.5% ~ BNt
AR B A 580 CHg By 3 ZiF Pead IR M.



4 ° 541

that under the condition of totally identical operating parameters of various equipment items in the system, the energy con-
sumption rate of the second category energy source systems of which the cooling and heating enegy output is increased by
a complementary combustion in a heat recovery steam generator (HRSG ), is higher than that of the third category energy
source system, of which the cooling energy output is enhanced by increasing the power generated from the unit and by
adopting an electric refrigeration mode. The energy consumption rate difference of the above two category systems will in-
crease with an increase of the woling/power ratio and heating/ power ratio of the espective system. The enhancement of
the complementary combustion type HRSG efficiency can obviously lower the enemy consumption rate of the second cate-
goty system. The relevant application cases have verified the accuracy of the simulation results. Key words: cooling-heat-

ing-power cogeneration, independent energy source system, distributed energy source, energy-saving

Dulong-Petit =Optimum Expansion of a Heated Gas Under Dulong-Petit Heat
Transfer Law{ . ]/ MA Kang, CHEN Lin-gen, SUN Feng-rui (Postgraduate School, Naval University of Engineer-
ing, Wuhan, China, Post Code: 430033) // Journal of Engineering for Thermal Energy &Power. — 2009, 24(4). —447
~451

Studied was the optimum configuration for the expansion process of a heated gas under Dulong-Petit heat transfer law | g
O AT)¥*| when the initial state imer eneigy, volume, final state volume and process duration were given. By utilizing
the optimum control theory, it has been found that the optimum configuration of the expansion process is composed of two
transient adiabatic components and an E-L component when a maximal expansion work output is produced. The solution to
parameters at transition points among various components, and numerical calculation cases of the optimum configuration
were presented. Finally, the results thus determined were compared with those of the optimum configuration for the expan-
sion of the heated gas obtained under the linear-, phenomenological-, Newton-and radiation heat transfer laws. The results
of the numerical calculation cases show that the inner energy and volume of the gas in the E-L arc portion increase gradu-
ally with an increase of time under the four heat transfer laws, and all the temperatures in the whole E-L arc portion are
lower than those of the external hot trough . However, the shapes of the E-L arc under various heat transfer laws are differ-
ent; and the terminal location of the initial adiabatic process is also not identical. Hence, the maximum work poduced in
the whole expansion process is also different. Key words: Dulong-Petit heat transfer law, optimum expansion, maximum

power, optimum configuration, finite-time thermodynamics, generalized thermodynamic optimization

= Numerical Calculation of Intensified Heat Transfer Law of Air
Externally Sweeping Across Corrugated Tube Bundlesy , |/ WU Feng (College of Petroleum Engineering, Xi" an
Shiyou University, Xi’ an, China, Post Code: 710065)// Journal of Engineering for Thermal Energy & Power. — 2009, 24
(4).—452~456

By using a low Reynolds number turbulent-flow numerical model, a numerical simulation was perfomed of the flow and
heat transfer peffomance of air externally sweeping acioss 8 rows of corrugated and bawre tube bundles. Through a compari-
son, analyzed and investigated was the intensified heat transfer mechanism of the rrugated tube bundles. It has been
found that due to the presence of a raised corrugation on the tube bundles, secondaty longitudinal vortex flows in the cwoss
section of the flow field may result, enhancing the disturbance and turbulence enery of the fluid and hence playing a role
of intersifying the heat transfer. Through a numerical calculation, the law governing the influence of the geometrical pa-
rameters of the corrugated tube bundles on the flow and heat transfer performance was analyzed. The calailation results
show that there exists a critical Reynolds Number Re.,=8000. When Re is lower than Re., the heat transfer factor 1 will
increase with an increase of the parameter €. When Re is greater than Recr, the heat transfer factor M will increase with a
decrease of the parameter € Within the range of Reynolds Number being studied, to appropriately decrease the value of

the  paraneter € and increase the value of the parameter, ¥ is favorable for improving the overall heat transfer pefformance



