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ChE 3172-01 Final December 14, 1996
Open Books and Notes

Name So{u/r’é ;\,\

30 points

Calculate the theoretical flame temperature for acetylene burned in a 10% stoichiometric
excess of a synthetic air mixture consisting of 10 mole % O, in 90 mole % helium. For helium,
use C,=20.785 J/mol°K (constant with temperature).

IL 70 points

A conceptual design for a cascaded refrigeration system to reach low temperatures for
the liquification of krypton is given in the figure on the next page. The heat of liquification of
krypton is 2310 cal/mole, so we will design for Qm = 2310 cal/min load on the low
temperature evaporator (EVAP #1) to give 1 mole/min of liquid krypton capacity. Krypton has
a critical temperature of 209.4°K=-83°F, so we need to cool well below this temperature and
therefore choose T, =-120°F for the low temperature evaporator. Refrigerant R-503 is suitable
for this low temperature. Assume that the condenser, COND #1, for this R-503 cycle operates
with an exiting temperature of T,=-10°F. Taking the R-503 as the system, and using reasonable
assumptions for the operating conditions and equipment:

a) 10 points
Calculate the mass flowrate of R-503, ,, in Ibm/min.
b) 10 points

Calculate the work requirement for compressor #1, W, in horsepower assuming the
efficiency of the compressor is 0.8.

¢) 10 points

Calculate the heat load on COND #1, Q, in Btu/min.
Refrigerant R-500 appears to be appropriate for operation of the second evaporator, EVAP #2,
at Ts=-20°F (this is 10°F colder than COND #1 to provide for a temperature driving force),
and the condensed liquid will leave COND #2 above ambient temperature at Tg=100°F. Now,

taking the R-500 as the system and again, using reasonable assumptions for the operating
conditions and equipment:

d) 10 points

Calculate the heat load on EVAP #2, Qg,, in Btu/min.



e) 10 points
Calculate the flowrate of R-500, m,, in lbm/min.
f) 10 points

Calculate the work requirement for compressor #2, W, in horsepower assuming the
efficiency of the compressor is 0.8.

g) 10 points
Calculate the heat load on COND #2, Q,, in BTU/min.

P-H diagrams for R-503 and R-500 are attached. Please be careful to maintain the formal sign
convention that heat added to the system is positive and work done on the system is positive.
Be sure to switch systems from R-503 in parts a-c to R-500 in parts d-g. Also, use the
numbered points given in the diagram for subscripting your properties.

e ng |oo’F [ conb¥#2

~—F——a7 My
Ts= —20°F | £ep¥z 'J@

. Qci‘féez |
® Ty=-10F [con=t

T,= -IZO°F$LEW;”1 | @
Ret = 2210 cad Jrin



Refrigerants

VISd 34NSS3dd

‘sanjeA 1eayladns pess ueiuyoal djay o1 "q 1ad Mg Qg 1e sabueyo sjeds Adjeyiua
18Y1 910U 0S|V "(Jo 0% —) 4o OF — 1B UaXel sI 8jeds Adjeyiua Jo Q 1Byl 910N "00SG-H uesabuyal 1oy weibelp Adjeyius-ainssald ‘| L-6 "Bi4
4, 43d 87 ¥3d N18 NI AJOYIN3 87 ¥3d 14 ND NI 3WNNTOA 4, NI 3dNLVH3dN3L

(3 0t- Lv QINDIM Q3LvdNLvS 3IA08V 871 ¥3d N18) ADTIVHLINI

39NVHI _ 37vos

002 o6l osl oLl 09l (0,°]] [0, 4} ogl or4] oll ool 06 08 09 oY (074 [0} 0e-
¢ A ‘\ \\ . H ( h .\\ g \ ¢
/] A7 A %k 3P, i DA vl 3
€ —— 2 —— 3un1vy3dnaL €
[—o% A A A A A AT A OA T AT e i
b T L Nhllll LA o= o] b
S 502 (n\An‘ll V“ |\lr||“\ \\‘ L I.\ \\ im\\m\ .\\* A _o o \N \ a
9 I yd y A e ) / /U AT/ LA S / 7 / 9
I =S = ,,,. CER o=
8 ] A A e A 7 LA A ] | - I 8
N e @ o= 1 Ao i e 4= =1 f ol
o1 Z A4 7 =175 - oy =
LA ) el I \\ % \\lx\\\\\ e RT.Rw\ o \ i N
o |—14A < .\akl\l £ Zom “\‘\ 12 o Sl
o171 | AU 1T r\wlu\u\ a3 d B‘ w oz- oN..l\
oz &3 4 A enw\l .I\...l\ |\. » 2 o. - 1 02
i AT T e o PO VAT /
o T ssbami A LA, o oz
. A1 | / AL b S
ov o1& . — e SreamivA iy (B Wiss o) 5 AN o
b —— N — o X
i EE S e da s as e iR e o /mEEr
V L. Kz
AR . s S e Ll e
S A .C ~
s + = TR TV 1V YA\ X/ 1 VAN o8
z_|2 |z | _4 zA—o172 [ | 411 V4 AL\ 09 09
ool = S Z 7 11 n“l.—.. P i 1 (\lﬂ.\\ua.‘ 4 L 7 P 1 LT A \VA 7 00!
60 A: IV , I Mu K , ol @ M W@@m $.om OmN
® 7 v
osl m.o* W.me«nmm - mua * 7 =001 0013 osl
> ) l , K m“ bA
002 S0 XS Aﬁ\\/lm wsa\\v1\\A|N < oz 0z _W\ ooz
. A
vo 14 2 = \.qbuqu NV 4 Fov1 ovi—
00¢ .\|\| / \K N/~ N\ VA 9 7 00¢€
n.in_.“uw iy A VMAL AN LY AT IN\_/ 091 ow_\J\
oot [ cn,m D \/{W\q.{/ ~ r X W\/eyﬁ\/\ W _Om_ omV\\ s,024
00S uoal\aA v 4 5 P N - Loo: vos o
909 L N WA N SN A SR IS O E e Ty - 009
008 210N AN S N S M =0 2<1 [ 008
| o LN A N [ A4 / T~/ 7 Y &
oool o oo S AVAN T2 mws 50 VA N— 000!
002 061 [o]:]] [o71] 09l [o]<]] ovl ogl (074} oll [o,0]] 06 o8 09 ot 02 (o] Oe-
JONVHD , 37voS
&

Q05— |

VISd 34NSS3dd

289




Refrigerants
VISd 34NSS3dd

(*d10) |eOIWBY) PallY)  "€0G-H 1uesabuyas Joy weisbeip Adjeyius-ainssald "GL-6 ‘B4

NOILYHOJY0D TVOIN3HD @31V 4o ¥3d 87 ¥3d NLB NI AJOYLN3
NOISIAIQ STVIIN3HD AL1VIO3dS ‘87 ¥3d 1334 'NO NI 3WNI0A
oL-5-8 (4o Ob— LV QINDIT Q3LVYNLVS 3A0SY ONNOd ¥3d NLE) AJIVHLNI LI3HN3YHVHo NI 3YNLVY3HNIL

“do NI 3HNLVYIdWIL
0Ll

06 08 oL 09 0S ot o¢ [ox4 ol (o] ol- 0oc- og- Ov_l
a8y 1 0 LR ERS PR RRR R TR RN N N AR R T
; i Ly I B ! 1
i irds H \ i Nn.. L L i
1K . 28 o H THETE Hise i
T it HTVH + L o Lo T HH S HE Esphgnas H 81— 1
Ll it 12 i EATTESS = g ,
i ¥ i g i Fasig £l
i i 1 i )
H i i &2 : e R
HH Ht {5 438 Ht > Hr - Hite o H ¢
2% giisiigiaas ssas ass EATRET i e £
il SEC N T e o e e R R R b
s HE i R s e S
W H &n\-ulua;”i t B as 4 LA g 32R82E8ET, HHET 5 it HHAT 32 B |m HHHH 9
18 ibet iedEts ragit § R D TR R T EREIRfE==fiacciiRntacerassanscda;
8 = H 28 VH‘ ¥ -“mmw = ;. £ e AEEH o+ 25 EEE gEESSEE EEEEEE 8
mm e s iRt : obi—FEg : SEEH FEEE obl— g
ol S H HERe O T NS E 852 = e ol

TN

IUNLVHIINIL LNVISNO:

i
t
f
=
=
Lvyng
T
T
:
T
T

=082

e

X
T
pes

a3
i
t
t
T
+
T
T
T
T
T
T

0 e il e e S

¢ a8 HH-r T 7 i < 4 sEBREDRE u H
e Ik | <AL i G w_h%m: ' LT R TH HE T T HHOZI -]
Rl R e e iy AT LA AT i Il R 1>
L A Bg b1 g L H AL R - EH g e AR e e is EessRncines
o5 ."f-..._ i IH {8 B i 67 wiiidldn A | B A H A e T e FEe A R R
s T HiE i s i Hp R S e 2 i s
pi X HA A 1 2 EE: & - 4361 38 35 £ HE Esdiica=agea5s352223
ov H VT.n.m wlquvymm%n cﬁ.ﬁ »Mwu;“m\ ] 3 {wu 1 L\n”‘, T HEATH == w. T ot
06 bt A bRl 2 : ¥ : S Zoudnis, L :
09 hHE R ; HEATH ] i i 8 £ o6
333835052 Sacpaz 251935 I8 R HAT 4B 125 uﬂ HoA ST A 35 SE3 £ 335 09
SEEitiy Jait-ges aEls i F > SR e T SETAR 2 EEsaay
o8 T T e : B 2gdi IaaEImag har e $EtEsas A DAY 09 E 8253 o
001 HTHT FAR s ] P . i .tc s iy unm\. uu_ - . ‘ it oot
| 4 r.\ _ A H 1144 Nll a=3 1A, +4 A\ 3. ‘l‘t > ~ _ - - u
it e AT ML AR AL ik
AR RREY. dud LA TR LA 43 i/ IR
o1t izl Lt T T M. 7 s Bt i 1 T th
T Hos | iid HR LA LA b - e B B AT 2 f HH T
00z H fHhbro i A ATH AT g LD A A A AL Ve H-
8 0o 1 b & jagt ganAERL SR EIN o b Y H DAt H H A R A R ooe
H T L AT DA yagat g AN HEH Y I
oog HiiH : - §UES A5 50 A LT : A ST TR e TE T e ] oc
4 3222072 Baiadidzatie Y 5 £ tH o0z i tH e Taaaret H SRALEEN P
oo IR T R R e €06 INVHI91Y4TY o
miimas AT 7) 3 0 [ESEuRussRuanuy” cus RN TR aRES oot
tH HH oe HEAT T ok MR Al oy HIHH T H Op e | | [T EE | WY¥OVIO AdTVHLN3 - 34NSS3ud ¢
006 H Ha e atviiat H HHTH Nt it 005
. 1} H H = - 1 aShme | 1)
009 BHEH AL R A : St : D 5 009
Eaaet A . s SResasaassazunse g5s SH R R
008 § +H A3 R 2 oF Eapg=-S3E 83 243 33253333 008

riveh Yl

50001
0 o- 02- 0f- Ob-

o
(7o)
(]
n
o%p;
Q

oe (024

293

VvISd 3¥NSS3¥d






