BIOENG-312 Fluid Mechanics for SV

Series 11 - Solutions

TAs: Cemre Celikbudak, Soroush Rafiei, Sokratis Anagnostopoulos, Ramin Mohammadi, Ellen
Jamil Dagher, Veronika Pak, El Ghali Jaidi, Coline Jeanne Leteurtre
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*H.1% Soene Muids behave a5 a non-Mewtonian power-low fuid () Pion the dimersionless velociy profile u/V,, where V, i the
chamoterized by v = —Cidu/del, where = 1.3, 5, and = centerling welogity (at r = 0. 88 2 fl.l-l'l.l:ﬁ'l:_ln of the dimesdisg-
re, gmd © is a constmt {If n = 1. the (usd ts the cosroemary  less radial coordinate rf D3], wheee [ 53 the pipe dizmeier.
Mawionian fuld)} (u) For flow in a round pipe of a diameser 0, . Consider valoes ofa=1,35%and7

imegrale the fonce babance egacon (Eq. 8.3) to obéan the ve-
Encaty profid

| “’“:..Tn(z?&}h [hﬁh {?Tlm]
n
{q) For any fluid %& = 2 so that with Tﬂﬁ{%} we ablain
'?Q"EE(%'L} or dr ‘(J‘QI i L
g o ’(ﬁ:%'jﬁf rdr  which integrates 1o give
HE{E%TFW r & 4 G, , where Ciis a consTand, {h

The flbid shicks 4o the pipe so thet =0 at r=£.

Hem:e from £gq. (1)
y
'5 = (F%}ﬁ i (Tfﬂ‘ﬂ

so thal

m(‘.ﬁ%‘ [‘J" *f%}w'ﬂ]

*WNofe i Since we are : J;:m’m'%mﬁly odd infeger valwes for

N we can e fact
{é“:} "H where K= e Hhan £.=__ hrf:'
so Hhal -f‘-:ﬂ K = ﬂF’r e
(k)  Fram parfia): 20 |
(&)
wn = () W m"* 2 ™ &

.f-l:lpj F T f,i.:rf"ﬂﬂ_:l fmu 2.

Nole: For 7= _r[’gﬁLJ i ;,5 gﬂ-cﬂ and 1 an odd integer , fo have
720, wemur! have C>0. Thus, from Eq.2), >0 as it most.

By dividing Eq.(2) by Eq.(3) we oblain
{cen'tl
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2Z.4E | (con't)

PRNE (34!
(e r
This resull is plifted below for n=1,3,5 and 7, with O= {?‘}#f-

An EXCEL program was yred .fn do the calcolations and pleffing.

n=1 n=3 n=5 n=TY
D2y Ui uhs, i, 5T
a 1 1 k| i

o a5 0. 958 (KR 7 D873 0967
b1 .85 CLa54 0 537 0928
Q.15 05878 il ik 0,888
2 0.Ba60 a.883 DAsS 0,841
Q.25 0538 843 0ai 075
0.3 L8 0.7ag 0.784 0747
0a5 o878 0.753 Q.78 0 oy
o4 0. 844 005 0667 o4
.45 0.764 L1 0E18 (LR
B a.780 0603 (U565 0547
2.55 0.g38 0548 512 0485
0.8 0640 0454 Q458 0.443F
065 0.57B 0,437 0404 0,345
Q¥ DED Q.378 0.348 0.335
o7E (1438 0319 0,348 0280

o (360 0257 0238 0225

DA% 0278 019E DAary L.1ma

0% 0. 190 D131 0115 0113

395 0.067 i D 0360 0,087

1 0.000 4.000 0.0 Q,000
ri{DV2) ve iV,

ri{DiZ)

0 0.2 0.4 06 0.8 1
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808  Glycerin at 20 'C fows upward in a ver-
yical 75-mmediamerer pipe with a centerline ve;
locity of 1.0 m/s. Determine the head loss and
pressure drog in a 10-m length of the pipe.

Tl 22 =2+
p= /260,
p=tso X2 iﬁ
For laminar flow in a pipe,
V= average vefacily = e =F (1) =058 I« jom
Thes,
553(0.075 m)
EE ‘ej_ {i#::-?]é% i - = aip<Tine o b [=0005m

The flow is laminar so ff.l-flf
V. _@E-ﬁgjﬂ whff'ﬂ Ertﬂ}ﬁ L E.l

Fa M : o
s, s
150 555 )1om) (5.5 F)
ap = Eﬁg‘ﬁ + &8 = 32 ( . D?Sm}"' +(98! :l,}ﬂldﬂv’%]{rﬂm}
= ns6010° L, or ap =/ kPa
Alca,

Lriz,+dy = G2 st o with V=, Z:-2<k, and
£ = futap this gives

..'..5.;'.-:;'?5#1 _
h=5F L = (28R (1260 %,) ~iow = 2000
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#.20 Attme r = 0 the level of water in tank A shoen ta Fig. PE 20
iz 0, "aberve that i tank 5. Plot the clevation of the water in ek A
s o fonction of dme untl e free surfaces in both Enks s al the
ame elevation Assume quasistesdy condithons—ist i3, the seady
pipe Aow cquations e assomed valld at any time, even hough the
Mowvrate does changs (sioredy) in Gme. Meghect minor losses, Nome:
Verify md we (o Fhct teat the flow bs laminar,

' f
| Liadsss
e e e Submali =0 4 r-. T
| liih
F -!.:.:.']:_ - - o -!E G - F A J:.-\..,; !

\.m 2 ¢ dlamater, gavenized fnn
BFIGURE P8.20

R N I P sia S
¥ -1 ¥ > and ¥,V % D £}

Jrpw Eq(2) twith Z=he) hos 4 D
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e f.20 coit’,

: = Ay oy
A Aatome ,{mwmaﬂaw to that Ze si F - (43
s, frem €42
l'lr.t - Lo p . A ] v:u.qq_ - EZFL'LVMM
Voran 2 D i )t

(q.ni _'Eg’.) [ﬂ.ﬂp:n-{'mjl fo.6

y

ﬂhv.r _ /p* he
il e ——
z2 pd -3 ¢
z2 ((1.OXIE E,'I) (E‘.—n)

s

= [ =
= af - 0,0 2L
(o B (oer ) Comm)

*

Lo Yo 3-8
r B

- g Brid Jpninans .
263 < 2lo0 Jhe f'Eu""'

a—
==

shis, Ege. () amd () Five

L, = b ;.’L-_.E—:-_ & Efjj [ 8
o Eg - e T VD o 13 JI’Z '
r En:P..l_"_?:'
Ay At
ey 32 dm e
& -he s ("1_:..") Do d &
+ df _ dET a4
for F = &~ —:;" 4o Het o T dE
£q.0) decomes \
Dry* 3%M =
2F = ‘(‘11) Yo “ﬁ'{
an J6 ud Dy
.v{gv%;i-if :ﬂﬂ'-‘rf"‘M"{_ ) D* (I‘)
ol FJ.:' M
Huws dF deb o ddafF = -t4 &Y whaete ¢ = tens
LT
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P.2e cont

Hw;
-t
F=ce .
(tled et
- . _ he - A Tl ] I:_tllq,_d' M'ﬁﬂ"ﬂ
!-"{\.ﬂ-t L El -3—54:& it Pt
Ziche when t=0, 81 Cc= t‘l’
H"—w; -{Hﬁj
E,"—E:- -'-'ﬁ c
& F3
[
L)
z, = b [1he /
nete -

As Ltoen, Z, 7 %‘1

Mg Hhe ot ens  GEVEn,
hos @b m  awd

oo 16 (loxw™ 55y LamD 0.9, ::}
— o002~

( a.796 _*t;‘;i) { o002 )
o~

iy
= R wme s

Herte 1 D,
it e (7% whene 7, mFE and £
gq - . ’ -
s Apswdd Ao Flotlod ' ek - El:: z =03
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825

K.15 (ol 3G = (T and a kinemalis viscosity v = 1.2 ¥
10~ m? s Ao (hrough the vertical pipe shown in Feg. PR 5 ¥
ul g rare of 4 % 107* m*/5. Determice the manemetsr readiag,

i

I --\!frr\-
FIGURE P8.25
- F”E m A7 ﬂrf I
v % -E{r.rnzm} "r@ & sotha i
_ arg)fe.ozm)
Re = = = 15 <240

?'?Mffw.t.s.‘hmmr with
q=Tl + ri)o* o ap= gy ﬁ,;:agm _xt

1264
Hence, with 1= 56 §,,=087(4.81 %)= 8.53 55 and

= VP = ¥ 550, ,= 2 g E) 087100058 =0sqt L5

Eq. (1} gives "
op < 1280 ;:r{‘:zlﬂ‘:}f;f“‘”’" £) (.55 By emio'

ap %27 xpo'lh = #3754

From mapsmeter cmsid'..-mﬁma . y
g t0h = Ghrth =g, B = 56 0= 43(281 )=12.7% £

.ﬂ'nd'f'.l .ﬁ -’J"I"a!I ar hath = hed

,T"H#:J
Fifs=4F =¥ (hyth) + 8, h =8 - Fih - i (5

r:m&m Egs. (2)and (3) tr give
437 M _ (12 pu-g.s) M} - (.53 1) (4 m)

o
h=/8.5mn

2}
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£.30 |

K30 Asshownin Vilen VB, o=ed Fg PR the welocity

prafile for lamirar flow in @ pipe is quite different from that for 140
turbulent Mow. With lamins Oow the selocily peofile & pars

Bolle: with webialaan Oow o Re = 10000 the velocity prodile

caf be spproximesed by the powr-ls peofile shown in the fig- -
uze. {a) For lamimar New, delermine ab wial radial lazction yoo 3
woald place a Pitol bbe of it &5 i measure e sverage veloc

Turguienl with Re = 10,000
T O 1T
k:. n |2 1

By in the pipe. (b} Repear pan (a} for corbulent Oow with LBminAr & fe o 2200
= H_ - riz
Ee = 10,000, osf i l h.l
K
2=}
¥
e T T T T V-

E FIGURE F&8.30

For [aminar or furbulent ﬂaw

Q= AV = TRV = (Wdh = u(arrde) = 27{ urdr

Fer
d) L aminar flow: .

1 - : R
TRV = 22V, {1 (R dr =2mu[E- 1 =7 EY
vs, V=4V, For u= V=X the eguation for -& gives
$=4=1-(F), or (R) =4 Thu, r=fg R =2707%
b) Terbplent flow g
TR = :awjp £1% = 278", fff [i-(%)] nr{f:;.

Let f'i—{’*ﬂ] so that (&) =1y and A(F) = d’}"
Thus,
TREV = 2 B, guqmr (-dy) =2 R™Y, J({;.— )4y

y=!
= 2rRPV [£- £ = 278V, ( 55)
V= 22y R u=V =355 the equation ﬁr-& gives
E,-" .
£ ] £17 o £ = 0.75 sofhal r=0.750R

I

i
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E

BoES  Water fows diwwnwand thiaugh & werti- [=t3m
cal Memm-dinmeier galvanired iron pipe with an
average velocity of 5.0 m/s and exils i & free jor. ﬁ

There is @ small kole (8 ike pipe 4 m above the =
cutler, Wil water laak our of the pipe ibrough ¥
this hobe, or 4l air encer inbo the pipe through
the hole? Repeat the problem if the average ve-

el
Iocaty is 0.5 mfs,

&'ig*zr=$4%*ﬁ+f§£? iﬂhﬁl‘ﬁ:ﬂifz'ﬂ; 2 ,—rl;--.
Eﬂ‘#‘.x =tV ﬁ”ﬂ f
'ﬂ= ff;‘;—i‘i} o ﬁcf-gi'pl.-‘l-j"f Wilh £ from Tabled. fh
E_ 0I5 oo WD (55 Naole)

B LB 2 0015 sothat with Re= 3R = EEOTE) — g ous®
we obigin f= o085 (see Py 8.25)

Thes, from Eg.(1)
A = Dons (2 V(999 5)(= Y- pavolh (4m) = L8s110% 35

.44 m

Sinca £>0, waler will Jeak ool of the pige when Ve 58

I V=052 fhen Re= 44657 god {=0.052
This, fram £q.410)

= 0.052 ( ?E?I}f {ﬂqnﬂ,}fﬂ.sﬂﬂi— q800 %, (4m)= - 3,88 o

Since £,<0, air will enfer the pins when y=05§
Mate: The above conclizion is valid re-gmﬂ[eu of the fﬂ?”:l‘ f

E-it5






