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ENCH 501: Mathematical Methods in Chemical Engineering
Quiz #5

Time Allowed: 50 mins. November 6, 2001
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Dimethyl sulfoxide (DMSO) has many uses. Some restauranis soak cut lettuce and
vegetables in dilute solutions to keep the “greens” crisp and “fresh” all day. Professional athletes
also apply the solution topically (i.e. on the skin) as an analgesic (medication that reduces or
eliminates pain) and an anti-inflammatory agent. [t is the latter use that is of interest. Because an
excess of the compound in the skin can cause irritation, itching and other discomforts, it is
necessary to limit exposure of the skin to the compound and to restrict the amount of DMSO
absorbed.

Consider that a swimming pool contains 2% mass basis DMSO in water. At { = 0 an athlete
jumps in. We focus on his back and note that at the beginning there was no DMSO in the athlete's
back skin. Because of his movement and the currents, the mass transfer coefficient in the liquid
next to the skin, k,, is determined to be 0.127 em/s. The diffusivity of DMSO in skin is 2(10%) m¥s
and the skin density is 1035 kg/m”. The density of water is 7000 kg/m® . Assume the skin is a
homogeneous tissue and only DMSO is diffusing through the tissue.

Use the integral method to:

a) (10 points)
Derive a relationship between mass fraction of DMSO in tissue (&), ), position and
time.

b) {Bonus 2 points)
Estimate the amount of DMSC absorbed per unit area of the back skin in 30
minutes. Assume skin is semi-infinite.




-

enet Sol Soluhsw 40 Qup & Nsv. L, 20°]

1 R | A
= e
ANE e V58l . Ganugihut lo,c.
opa lntegral  wmef€ed < N fer.
¥ 2ps Mags Aol  oquefor sn Jonrbo
5 Y b |
= .IP =] = e = ol [ Al g At |
i L = _':-:.. — 'Lﬂ 'r‘"? -._Jl
= g = g

This w n’wﬁ%rv-fl matrv e bela~t 2.

Dodradizn = nes,  FOx T Nsawl

(o Ty ) VR SN P DY
= - o= s s
FaSor f'}'h.s'—v\\_.-""
Ks — avvansle Npe= = aa 0 s,
= L ___*I af
=g S

= = Mgl = - el g |
- L T | L nate daaswondn
| A ) J
(4 15z S
= k; D n{u\ \ \\
ottos B.c ] | Bt S 7 _""PfS)
. = :S-,-U.t- e = 9
. = -\-l-m ﬁt}""‘l Q
Ny

Frosum®  a Csn@Eadyohs T?V-‘-d‘:-h WS TOE s Ul of

I

LTS P E( X = r’-:'/ e
Uﬂn C
sl crrebhe-s e e - MNeTp , W=
= W, 4o
FASE S fdm—=




|7 Sebehh b eandanens =1, pe-2, C =]
Y, P4 = e X
s \ S’
subshhte wrbd | v\-hearv £ u?iu—hn:
A nd‘;h A
B (g = Pac) = = [ | pag - Z VA= ]
e - 0”.’ Vs Yy Se’ s

2
T, = d |[pwacS | (1-9)dq | * g2
7 il L £ L A
le_p U ey = O T | sy
L[\ﬂ L ,-.l!- L T .::; J T —
e . L.c. =t s
AW, e [l 2 2m | 2 1
— | B ) | e i
[ S g LT L ’Ji —f_‘_
ez -
Faece o P ] ARk o ! N
= " h(eE Ve
l..-\.\.lh_s 5T B 7 - =3
Eopades () @n W yi-odnedhd e R, s W |
L & |
> |
Q.y..-’. ;._‘_{.as'h '-;"""‘*A-A W—h '/—‘i. . LD [=p S‘S‘I"L‘-Jt :
oy
ZDM Lp-_l = -6:#\ 1
— o) /. B
B e Tas VTS )
:ﬁ =Y H':.- Was < Wpy 24 | el e Fd Wxﬁ-d‘w;. T
Y; "Q'E i__‘f % —_ Ve —WAD WA ey ‘:_"‘\
7/ = 12_‘_’ P Do A ol = = 2
e wpg

e e e el



\w

=
| = 1 ~ = s |
E Ve la cwae e 2 L e I Pue B
l & 'l _-!:‘-/" 5 { AS Jlt L ! .5 J
o1 b Liz 4
— < = + . Nipe —
r T di — S \a)
B L e S A
O 2 ol
e Bur by aumrx__h;h“; 2= . (3)
ol P ) e
ve =_=35n S e
7 =]
S\’-‘bﬁ"r'i'\rf'i'k U= &y- @
G i)f"s = éﬁ_ﬁm—-ﬁo————ﬁm A = i '.a.m')
al 2 G
% t e o
Z
b 9/ - < &% 4 T | . d%,.
P 1 f_ 3
ot Es, EZ-}T a4t
= L Oal e
T T g 71
AT T e A
Sae . = = - rum N = —
(o wrag T = 1 a’m A= [ Swt ,J{'m
[=1




O E = R AR A O R T
= 5 T 4 i M e
[~ = I I""""'
MW.E W‘ l'{_)l'\“- l-t)r Pf'c‘a Wiae = (7L I( ey o+ Fj
: - = S e VS
Subst w-1o Sy =i =y N —R‘. mm-ﬁ."@. |
7 Wis B I = |

b By hew b e doRl o OMSS T Sbasykesh U

= £
N = | oW oot '
— J T
'\"f\- 2
<
= f St 2
L} - 'I \ _ﬁ- } AT
A oa L
O ‘[ 2
I = p-r an ‘Sm .{ .’—h\ dﬂ 2 "= ’k/ g
= [ T 17 L 4 ¢ O _é
=
= [ W 5“; |
LI /’g
e |
Vs 2. 4218 (o) |
= & 7 {
: 1 Sn\ ~
S, ™ Z8 Bee = Bre( omes,
o o o
ool 4!*95 = -al9952
©-c02 (P23 b
0003 L35 85 T
o-00¢ Lt . w2
©.0o0g |43 - | €'
& o6, 15 o F “s2
o 007 sou3.lbb 9%
[ E= (905 & 2pml, Sm = 0:90Sbm | Wps = 9:01959
— [av] o, 5 . (o0 159 ) ,r.,--aa(aﬁil?} fogr
/mﬂ- _La’,_. = 0'0_462 é”m i

— — AR

I ——————————————————tl]



0.011

0.01

0.009

0.008 |

o
=]
(=]
-

o
o
o
a

Penetration depth, m

o
=]
(=}
&

0.003 £

0.002 +

0.001

Penetration depth vs time

s

i

o
o
>

3000 4000

[——Penatration depth ve time |




List O Lie\ o

921.7497  0.0047 0.019985

t § U‘\pts 961.3815 0.0048 0.019986
Time, s P.D..m  Mfsurf 1001.807 0.0049 0.019986
1043.085 0.005 0.018986

0 0 0 1085.197  0.0051 0.019987
0.441854  0.0001 0.019338 1128.142 0.0052 0.019987
1.719706 0.0002 0.019664 1171.921 0.0053 0.019987
3.831162 0.0003 0.019774 1216.532 0.0054 0.019987
6.776063 0.0004 0.01983 1261.978 0.0055 0.019988
10.55436 0.0005 0.019864 1308.256 0.0056 0.019988
15.16603 0.0006 0.019887 1355.368  0.0057 0.019988
20.61106 0.0007 0.019903 1403.313  0.0058 0.019988
26.88944 0.0008 0.019915 1452.092  0.0059 0.019988
3400147 0.0009 0.019924 1501.703 0.006 0.019989
41.94625 0.001 0.019932 1552,149 0.0061 0.019989
50.72467 0.0011 0.019938 1603.427 0.0062 0.019989
60.33643 0.0012 0.019943 1655.539 0.0063 0.019989
70.78153 0.0013 0.019947 1708.484 0.0064 0.019989
8205997 0.0014 0.018951 1762.263 0.0065 0.019989
9417175 0.0015 0.018954 1816.874 0.0066 0.01999
107.1169 0.0016 0.019957 4 1872.32 0.0067 0.01938
120.8953 0.0017 0.01996 1928.598 0.0068 0.01999
135.5071 0.0018 0.019862 1985.71 0.0069 0.01999
150.9522 0.0019 0.019964 2042655 0.007 0.01988
167.2307 0.002 0.019966 2102.434 0.0071 0.01999
184.3425 0.0021 0.019967 2162.045 0.0072 0.019991
2022876 0.0022 0.019969 2222491 0.0073 0.019991
221.0661 0.0023 0.01997 2283.769 0.0074 0.019991
240.6779 0.0024 0.019972 2345.881 0.0075 0.019991
261.123 0.0025 0.019973 2408.826 0.0076 0.019991
282.4015 0.0026 0.019974 2472.605 0.0077 0.018991
304.5133 0.0027 0.019975 2537.216 0.0078 0.019991
327.4585 0.0028 0.019976 2602.6862 0.0079 0.019991
351.237 0.0028 0.019976 2668.94 0.008 0.019991
375.8488 0.003 0.019977 2736.052 0.0081 0.019982
401.2938 0.0031 0.019978 2803.997 0.0082 0.019992
4275724 0.0032 0.019979 2872776 0.0083 0.019992
454 6842 0.0033 0.019979 2942387 0.0084 0.019882
482.6294 0.0034 0.01998 3012.833 0.0085 0.019992
511.4078 0.0035 0.01998 3084.111 0.0086 0.019882
541.0197 0.0036 0.018981 31566.223 0.0087 0.019992
571,4648 0.0037 0.018982 3229.168 0.0088 0.019992
602.7433 0.0038 0.019982 3302.047 0.0089 0.019992
634 8551 0.0038 0.019982 3377.558 0.009 0.019992
667.8003 0.004 0.019983 3453.004 0.0081 0.019992
701.5788 0.0041 0.019983 3529.282 0.0092 0.019993
736.1906 0.0042 0.019984 3606.394 0.0093 0.019993
771.6357 0.0043 0.015984 3684.339 0.0094 0.019893
807.9142 00044 0019984 3763.118 0.0085 0.019803
845.0261 0.0045 0.019985 3842.729 0.0096 0.019993

882.9712 0.00456 0.019985




