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Analysis of a Dry Ice Production System with
Topping Ammonia Cycle
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Dept. of Mechanical Engineering

<Abstract>

A dry ice cycle with topping ammonia cascade refrigeration was devised and
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analyzed as a mean of mitigating the CQ: concentration in the air. The trends of
compression power, mass flow rate, and exit temperature of each compressor were
investigated as a function of CO» condensing pressure. In this cycle, the conventional
design pressure(26 bar) of CO: condenser was used to calculate ‘the intermediate
pressures of both COz*cycle and. ammonia-cycle. Results show that the conventional
design pressure of CQ» condenser has an enough vélidity in point of both minimum
compression power and optimum CO: condensing pressure. The present cascade cycle
has advantages in much lower CQO: condensing pressure(19-26 bar) than that(63 bar) of
3-stage compression system using CQ: as both working fluid and refrigerant and much
lower compression power(206-208 kW) in' comparison with that(260 kW/(ton/hr) of
dry ice) of typical commercial dry ice production system.

Key words: Dry ice production cycle(Z=gle]elo]» |2 AlelF) Topping ammonia
cycle(A® g2 1o} Alo] &) Minimum compression power(#H24%%%) Optimum CO:
condensing pressure (°j4t8letA o] HH-§&94H)
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AFEdEs AF FA4T 7FHNE Qe 2 4720 i #FHel nEdm
UTh(12] o] § olitstgdiy wrl2e gudt wiEH o AF-2dale & a9l H
I QY ol F o)AbsleAel Ao diF o WEEe] A=l gvih[l] of F olilsg
ag dA3ste Ao p@Edbe 3], EHELHTE 53 duvix AEESE ¥
A ojalgeAuE e BHF e ol WHE AANFIUTHHA]

2 dTdAe okitgr WEF e TaAT)E Wy ddie] wr|rtARRE o
M EAE FE3 =Elololol s AZAAH ALLTLEN F oolilsled LARE E
ol =gtojotolx AZA|AAM FEFTH(2AH)E HAAA 2N Tk wE/IA
g &olv d #4g Fa . (5]

a7 Edelelel 2 AR Ale]FE ¥ AL AFRE sRBRANLAAN -78°C) 7
&9 WEAlel g3 g FAALN #e o] EAojtt. B dWr|eEdA $FLH o
FOB 2 (300 KolA 67 bar), ol4tslg4hE ¢&5T Wl 2 5o La04d, gz
© Egtololol 2 1 ton/hr A4 Al T EE FHLS W 260 kWeolth[6] o8 F ¥ &
E4HE AL L9 A3E obvlsty wiF @ FA dAv S-S FUHAFA At

T3 zeolol 2 AFAFAE WEE el FUAAAEE AL AR AH o
. oo ¥ AFE FdtA @ F8 FU7F HAG

B Ao 4RI Ry ol Alej &gl Al aF o] S(cascade) BAE EYF =glo)o}
ol A ZALO)|F-E FA3IL AlEH A S Fote] H4stuzl gt AxAoE WisE &
PFo 2N ol itgei Alo]E9 FELHEE BFL FUEFHE Sole Ao EFol,
B ¢E7 EFEE ¥E 7 YA G879 ©FE PAY F qleon, ey 747
o] AtolEoA HETE g8 MBASE J9Y £ gl Aol duk B A7E £3)
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Fig. 1 Schematic diagram of a dry ice production cycle with ammonia cascade

refrigeration.
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Fig. 2 Pressure-enthalpy diagram of the dry ice production cycle.
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AN ngde 45FHo| FustA €& ¢ + Uk Wty 4HFHE A2 ¥
E ZEPDe]l FEHUEA $HAYA ol EATE 95 & AT dRYotP-hA
EAAE & FgtE e S wE EFH AFE fANHA F3E0 @81 dR
Yol AtelEe] LR 2Eg o] dslgd Alo]EY §5F REE o] F Alo]29 ¢HH]
g 224 sty aFde2N 38 ¢ U]

22 29%4 g4

Ale1 g #A & & BAHR T2aYP[Ble ojfsg e, oises Ale|EY &HE
E3PE g M F ol tdde GEFHA G AlolEe] AFRTF & AEHNA
& §8o Tt

NEHo AL A% 78 14L& g3 2 =do] ofoj29] AAHEHL 1 ton/hrE T
o} oj At Ale]F i o} Alo]Ee A Agw e HEFI] AHoln ngd
dre E3F) Aot AtEH: 22 EPNANA QFAAEE Lol Adejolct Wi
A9 s A, 4 =HED BEV)dA R MG FAgT
ANz Ao EFAAg YA FELS FAGL ABdold 2 Table 13
Fig=

7] 71Ee] AA A olitsteA e §HSHL 26 bar® FHHI oD E[9] o] F
71Eo g o F AHFHo HAvt e olibdtdAet dRVole] FutHe AHRE
Al g ol o8 Zz} 6 bare 4 barE T

Variables Values
Compressor efficiency 85 %
Condenser pressure of CO2, Pc, CO2 1444 bar
Condenser pressure of ammonia, Pc, NH3 18.3 bar
Intercooling temperature by water 40°C
Intermediate pressure of CO2, Pi, CO2 6 bar
Intermediate pressure of ammonia, Pi, NH3 4 bar
Make-up gas temperature, T12 20°C
Separator pressure, Pdry 1.03 bar
Degree of subcooling for T6 , T6-T ¢,CO2 14°C
Te, NH3 -Te,CO2 10°C
Table 1 Simulation Conditions for a dry ice production cycle with ammonia cascade
refrigeration.
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By =Q-x)h, +x.hy, 2

1000
m =
(1-x,)

&)

A7lA x99 nA-F7) BE7dA AEE, he 998 mle 1 ton/hre =alejolo]A
A &) Algel e ARHEFg LAY,

olitlEtae 2 dEuol Fd4 =H(FLASH DRUM):

mh +m b, =mh +mh (4a)
m, =m, =m, (48)
m; =m, (40)
(h, -
m, = m:( i hl) (4d)
hy ~h, '

o714 olAtaleaE EY4H =AM sHEA 112 AEAELE ijkle AHE 3748
Ztz} gA s S dRu]olE Zefd] "M E A i1 AHAE 138, ijklis A
g4 151916202 2tz A #} ‘

%45 71 (COMPRESSOR):

hza = hl + —— (6)

A7 pce &9 SAERS GFHEEE, AR e © 457 E74H 2514178,
A i = A&7 G 1413168 44 BAEG A a © AAAREE, 33
A s SAERY #A-E AR ol AARRH 457 74 @Y AFFHHA FLH
He dgd 2o

Waen = mu(he ~h) (7a)
Waca = mulhs ~hs) (7b)
Wanm = mu(hu =hia) (70)
Wene = tmue(huu. ~Fis) (7d)
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Wen = Wace + Wam (7e)
Wenn = Wanm + Wmﬁm (7ﬂ
Wew = Weor + Wenm (7g)
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FFFFLERE AGF dRYote] FFRZF mupd oA 44 4&5E & Utk 4=
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o258y 2R,
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Fig. 3 Plot to determine intermediate temperature in cascade heat exchanger
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Fig. 4 Compression power as a function of CO2 condensing pressure.
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Fig. 5 Compression power of each stage as a function of CO2 condensing pressure.

Fig. 6& olAts}ebio] $&gteje) Wsle] w2 2k & H¥e) EHLEE HGFR Q)
th. 35 barel el e dRUolE Atd AF4(F U] =)o) T2 E(Tenm)?t T3t
dEHe XIFSE(Tinp)ll obF 7I7H9-B2 GRS Adde] ¢4&FH] HA 284
& 4%% = gk olE Fig 594 Agee] #4FFHe] 10 kWelstdle 84T & Ut

Sat. temperature, C
R
°

—8— Tcenh3
-—a— Tinh3

—A— Tcco2
--y— Tanh3
—e— Tico2

—+— Tdry

— Y

A

A
»—a—00—a—f—0—0—@— .i‘__.__ o
o i

=
-
s
'./’

00— ———

10

15 20 25 30

35 40 45

P bar

[Aelery

Fig. 6 Saturation temperature as a function of CO; condensing pressure.
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Fig. 9 Dryness each post-throttling process as a function of CO2 condensing pressure.
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