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The University of Calgary
Department of Chemical & Petroleum Engineering

ENCH 501: Transport Phenomena Quiz #8 December 7, 2010

Time Allowed: 50 mins. Name:

In oil production, water is often produced with the oil. The liquids need to be separated, with the water disposed off locally
while the oil is pumped to storage or refining facilities.

A 4 m wide wall is inclined to the horizontal at 5°. A suspension of light crude oil and water from a
nearby field is distributed through a perforated trough at the top (see sketch) and the water and oil
are separated into two layers as they flow down. At a distance of 1m from the trough, the liquids are
considered fully separated and the oil rides on the water. Thereafter, the thicknesses of the two
layers are considered constant, the oil layer is 1.2 cm deep and the water layer is 1mm deep. The
flow streams are laminar. The properties of the oil and water are given in the table below. Assume
the air above the oil is hardly moving.

Estimate
a) the velocity at the oil-water interface, and
b) the ratio of the oil-to-water volumetric rates.

State your assumptions and show all important steps.

Data: Properties of the liquids:
Oil- p=890kg/m’ p=1.6 mPas; Water- p=1000kg/m’>, p=0.92mPas

Hint: A force balance equation is needed for each layer. There are two boundary conditions at the
oil-water interface. Use the b.c. that the oil and water velocities are the same at the interface with
the equation for the oil, and the b.c. that the shear stress will be the same for both liquids at the
interface with the equation for the water.

O\'\— wa bew
sus‘P,Qns.’w\

Wa"'zr




ENCH 501 iz FR Soladlosw Dec . F, 221

L.,c_a:lz 5—7\5\;5 =7

aiv - | \‘A'\‘»Q—V“P':L.Q.

<o AAIPN W= cl(aa,vw'
Ve, ¥ =0 af F/,u suwﬁ;w,

Lot enl = | )uuc-tf-/s 2

(ons oy = c‘Lr"R—Q/vJLwh’ce/Q QLQM"' a\'&'c\ﬁ &5 Alasow
Do = "FSV@ bQ‘Q\AC—?_ sn A /QK'QM"-, At ud\‘oh*e\

f\r
—
Ty Vomauity
,\a‘ﬁk - o I= \,\6— =
4 (j (H du)\j‘w&j+— A= \3/33 o
= - & F A - 9 =
jj J‘j + A ‘J(j% = O
5 a0 .
- = f3<:«&'
*J
Py o MNoabnoam  Foicd, > ,/\3;
S5\ ‘S r
— = - /03 4N @ (5 TR 020w
s = pqpn b —

/* e A —%\» Lx4g
LABAV 1 bewol W»j et S -

@ M= i‘:“j; =) (nc '>5\9°~, ﬁ{“v_ax %‘Mﬂguj

@ 3 ) p = Uy <2 Loqords kvt Dt

v lse ~‘§>



D

Lea > Z lbeund cV:j Csn A hFne

@ 2 S0 pE| - pg] e o)
) (=

oV

0.\—-\4 = /;_‘ Ay
%5\2 2y
cTu A j = Sa Moo= D ( no <,‘L5r> @

et T UA«‘.QC\‘H rp'vo—p\'b- wo T =l = U‘C‘jﬁ
The Hora halanw Zappotsn 5

Srup B s o - A

i S
(w"‘&?’\ruf—g
%&'\ - /S,j r Ct @
oty
- oI,
Ke2 4. (D - 4=9 Sy =9 = C =9
(v ¥ ot £ C’jc‘-“‘f
th = é} jm + CZ ( })
2

: . e
Wb & J =S, My o= \'\7.(5‘B = U, Qvﬁaidwj
Ths v ST ’j,z-}— AW

2=

—



a

et va yalo cst_' rwa-r\'\l w e wter = 'U,_L(j)
TNw Asvee Lbeleww papehsm w0

5(2“2 = ‘ = 7 /”33“]9
d:/" ﬁ /5; /‘z

Ju . -
e —

3 > }J:S.)A\A,= /‘:‘d.:‘
\ arj Moy

1)

7| S

3,
A%
_ e Te
a‘j{s; /‘z/é' :

3
W, = _/f_;ﬂz +(‘3j—}é4 Cro)
2
52 1«0@, y= T, 5 W =9
PR
Sa el Cy = ‘_/_gzﬁ; - 53,
“2

H’Lwc‘\ 9—$ \ 9 log (owaS



(d:- \/,Ql.Q C:c‘l ot T2 m"‘wc\'o@( \oe\,v\a\oﬁ : uzb
Thws cow o2 outeasd v /1.@ a"‘j-;s‘

Ry ﬁ;;‘sy - BSOS - fesl

U;L’ =

¥

uzb - éz (SWZ'S:) F Jf‘(\";i"‘(/;r:"/gu)(si_sz> @

= - Py~ - %50 (A% )s4 5
/%’ F7:‘ - Qz.c.c?f) e

po—— 3 3f _ — 1o0e (3B

—_— e 63'2.5)%5 LQ‘;
/~1. 2'92 (19'33 ( )

6, k1 -\O' O'z Ao G,%d gz =z O'o'%W\

<"Y£N\-€M‘o-ﬂr — fz v odishec @ Pew Q{V,m’\ s\»V'P:LQ —-hw&ﬂ)

Sccbshutl Ao (=)

W, = - & F — 9.4%99€8 = .42 W/
>
@ Reho oF Jolhus v atec
i £,
% _ e - gu. +J v en Tl Lass of uwef
- / 7 ;
\1' —%:__’ c e neh W‘G(“'C\
wtey l; uwdj
{

Secbsh It 2 cVU\J fon S @ Ao ol @



b = .(\<'L( Mab"/_ijﬁf) r Ly J Ay
S>
o L9 vay-(as b)) 4

i
')
W)
&

/%2 (ﬁj— 'Sf) + %3 (s:..s") - <c% S+ §‘= 5,{2)(.6,’3»)

Gvsn C3= ):' /3,‘5‘—- 21' = (/l_:‘ /gz' zf = I")?.Co?(m?>
Va '

/*z
2
¢ - U')'o - bé‘ g"

3
% (-8 = 5 (s0-57)- (a5, + &}’)(«,g)
S wbgt. \rv?ud.»

P = AL 3




