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University of Calgary X j
Department of Chemical & Petroleum Engineering

ENCH 501: Transport Processes
Mid-Term Examination, Fall 2005

Instructions: Time: 1:30 to 3:00 pm Oct 25, 2005
Attempt All Questions. Open Notes & Book.
Use of calculators permitted

Problem #1 (15 points)

Diesel fuel is in high and increasing demand for automobiles, commercial trucks, buses, farm and industrial
machinery. It is a distillation fraction of crude oil that boils in a range of 150 to 330°C and it is high in alkanes or
paraffins (C, to Cs,) Which burn readily. At low temperatures, paraffins in diesel fuel start to form wax crystals (at
the cloud point) and these tend to plug fuel filters. The cloud point may be lowered by adding heavier crude
components such as napthalenes and aromatics, or alkyl esters of long chain fatty acids. As the liquid
temperature is further lowered, it gels and stops flowing at the pour point. Thus in cold climates, diesel fuels are
often blended with kerosine so that the cloud point is at least 6°C below anticipated lowest ambient temperatures.
Diesel fuel is often graded as #1, #2 or #4 in order of decreasing cloud and pour points. If a diesel car travels
from a warm to a cold region, the fuel may cool down sufficiently for the vehicle to lose power from restricted flow
to the engine. The following problem considers such a situation.

The fuel tank of a car is situated under the trunk space, at the rear of the car. The top half of the tank
may be considered insulated while the bottom half is exposed to air flowing over it as the car travels.
The tank has a capacity of 80 litres and the exposed area is 0.9m?. At the start of a journey, the tank is
filled with #2 diesel fuel at 12°C from the gas station pump. Properties of the fuel are given below. The
ambient temperature on the day is given as -34°C. The vehicle is maintained at a steady speed of 90
km/hr on the highway. The fuel consumption rate (or rate of liquid withdrawal from the tank) is 6
litres/100 km and the convective heat transfer coefficient around the tank (in a partly sheltered
location) is given as 3.28 W/m?K. You may assume that the fuel in the tank is well mixed as it sloshes
over bumps and around corners.

If the driver noticed that the car suddenly slowed down when the thermocouple in the tank recorded a
temperature of -18°C,

a) how far from the start has the car travelled? Show all the steps for you analysis.
b) At this point, how much fuel is left in the car?

c) At what instant from the start would wax crystals start forming in the fuel tank?

Data: Properties of #2 diesel fuel
density = 860 kg/m® ; heat capacity = 2.035 kJ/kg K ; cloud point =-15°C ; pour point = -27.8°C

Neglect the mass and themal capacity of the fuel tank.
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Problem #2 (10 points)

The drag on a flat plate held stationary in a fast-flowing stream is to be estimated using the integral
method. You are able to identify only three boundary conditions as follows:

y =0, u =0 (no slip condition) ; y=58,u=U, ; and y= 5, du/dy =0 where U, is the free stream
velocity above the plate.

Derive expressions for calculating velocity at any (x, y) point within the boundary layer and the drag on
the flat plate. Include an explicit relation for the boundary layer thickness d(x).

Show all important steps.



S0 PUD TFRM  EXAN. STl O 25,215

ENC T
+# | z :
St
R
S ———r—— ] P‘-t‘ ?‘j-q_,ykj t‘f.’-<3=
A i — U~ Mo "F" Lol = X0 A dven
-:l: ! (d oV a-Og 'W\a
\ 5 o laeh<¥ mees = o0 P (ko)
) Wa = we. = g
The +~ef owwtrldvawel obe  Trnm
4o anc %)
o v . 90 Kwn T
|90 ea B [ v
st = om05Y4 (Bes) = A .CHY o Tl
ot Hte e oF @ o dual o any Nl F be
Sl oy WEEEY T [hoa
s =
- W = W — =T )
L ERF e R W yE Ay ow e prvaticy 2
var}vvm Sn  RAYEy balfance  =n t6a L52 w Fle I=a\
|hr?/~.s1' = b s o v e
}' \/a i
L
SoE = BACTETa) F W Cp (To1a)
Peccum = W Ci— )l
e =
= o
I TR o -
b‘a d / WC‘DC’— = \ .-J B f S i
= ) AR = AR R
At — 4
Sin @ otk W aad | enhenal w1tk el Fta | kg
-
fr;facm-ﬂ/’
T P T e = al'lvAJ
= wcﬂé\; = A4 CO(T‘—A\ — dw o
-;—-{__ i N t. ) .--I: R




| —2

Pance

e e

= \h_;-\

SENS
[+

)

S<osh TR

h

i,
)

PR i W €7 R

(e —w & Jen =

-

at

¥ 5

["’Lp, r =

58

o

] Wo -mT

O

—
{
|

£

r

n

[lm =

//_'/‘_“-.

A

S MO L

m'kf

)

sl B
Wo

&

(R O

———
(=

(

s

&b

-"J.

(&

\!\!3 \
P

i\

vdfmﬂ}(

528

"2

Iﬂ:brl
0-20(19 5

-
-

A}

4% [ 3eeo

2555

[T

P

I [ur K

22 t=

TS % 56 >

-




w o T o—tece o i s = SATe aad He 5 12 C
FTW @ b SN
— (8 = (."3*) M — e ;—TJ S
= .:.- - { ¥ = EXTEN S [ORE \
1'2"(_"?‘4) 46 L L3¢ w}
W hSv 2 F o ou~ 1\-:‘0-(.1‘-
— 3.02u%
©.24%22C = [ |- oc.olLIinE |
& basas)
o FH 332 = e it T 2 A e
o = 4-249 h=uvs
—=
= : .
t s Date. A AvevaeUd = o (4245 = 2324 e
IR
iy %R A=t of g e | KR"":"'I- W d=u bk e

—

(52 — (A 62 Xd349)

= us. S+ kgp

sY H9‘°?glﬂaa> E P

——#"JE—Q

——

B Wam ok e N ew e 1= -15C

::‘ _—15‘-('%4) -9 tn P I PR Y Lj‘g‘!zqg’
e = = o7 55 [' s Ho~N T \ ‘
(5 — =24 e i T A
7 e ;s 7
e S o2 %) .
SORSS F e [T =% (ST
= —7
\ Y
et 2. 65 P
_—




R SO,

— = S S )
5 S i s i | -
SN e L e P T () TJ____ S w==

s I S - o e g Ui - V

" —— TR | - S L3 R — " o~
SN A e TS = e

i = :%35’ Ae D e
e e Ay = =
S

_j_%},e«v_& below s o LeGos

PN ST e

:_- =R = i‘kﬂ-m{' “_f-‘—_‘?_“ »ardm Dtcsﬁ\/i T)""\,W’ vp' o2 W N
S e S B e
S T _t“ftf%-_-*‘_”“" m*z'gwﬂ M/\»'*Jf\‘“ '_(-“1,'_5:15 et ) B0
= i) ft%-““)faﬂ)
P ——= v e
= 2o S =

Stk hes =

Gy hemchen = )

T pesmem aE 3 ekl —sora s 3 bics
== < g <) e
e~ evewng,
X e i e o ) Ottavy
A LeT OB Sreuoe®. Gk = & 4 bep gy N\ Fewchone
0 : : o et s e | T

ugzd

e e e o

T e T =
-'a\ (=7
PO S e S




et

| ‘ ﬂ'\w Ceonn B¢ '-L)’M—”‘ d\/“M b -5-.—.-9 =S C o T o o
= 5Th U= & +b s (’Cj) S e - e
ol . i ~ j =S \14 = lQ Fua (CS)
g =T D ECE) g e o Gy )

IIY\“‘/‘-{MA, "WT) L=, b’\[ & adA dude Lot 'Dﬂ-'o{.ﬁ-——:. =
LI = )

.‘\ -1

L = A=s (KX

sk N = |

)
: W= Uusoa (Mg k)

e (R \ E i e . {
S\J-Cas""\j“'-‘*’&“ T Cho~ s )~ B grve—( ...Qﬁ/b—"—ﬁn =

s
= \W‘P‘\{\ 1j .

[EAESERTRRNn " .

l
S
g

(<
4

&

r"_Ai 9 A —
o %L_j___ﬂgat_gxsm A AT T
- Z« el = e i R PR ]
3= 5 dqll A
% T i |
L e WWSIE R o v .
i s T = e ety
Ay s 2 =) / A\ s ’ '___)
______ h‘—,a
el e _5_':’}:'_@'__ Ve lse \E "/]"b‘\!b"ﬁkk v
e i e e e : .é‘# ARl = "‘:M S
[ ] _q-‘ F a"‘; ,‘l re J:}I{

B L e e P

= 2 7 <l

NG BT T SRS T L5 S T

S~ == 54 < / R e W,
- N 4<2
- e = — = o

X - /
— T p U, e S




S 2-%

el SR T S - S PR T

e e = | S Y, S -%_:_a_—f-f - RN =

=t
o —
Ux

R— 2- = - S —————et " )
s AR e L

——— . SSa =

e = pe __:- ) ey =
e BB //' v’ _wheATe T ?zdf-«re g5t

R=S7Tans mey be sbieond vee 54, 5.325 Nubesy
¥ s -—

—— = _— = —— e
e LT > =___J[_'L.L_._i1 _________ 5 e 5
o

PRI A e A ki e e, R T |
3 . e T e -

o ! =

G e s Ispfes LT 6 lTaminev = 2T gy

& Sl e — S FR ) S5

s P _ i ( FEvEmEa

e Fa ns____, P i P
= e o oo —




	1.pdf
	2.pdf
	3.pdf
	4.pdf
	5.pdf
	6.pdf
	7.pdf
	8.pdf

