PROBLEM SET 3 - SOLUTIONS

Comments on Problem Set 4
PROBLEM 1:

- Be careful with the directions of the “other forces” when you apply momentum conservation in a control
volume. Typically, you draw and calculate the forces exerted by the surroundings on the control volume of
fluid. At the end, you need calculate the forces exerted by the fluid on the surroundings (in this case on the
pipe), which have the same magnitude as the forces on the fluid but opposite direction. Many groups
calculated “F,” and “F,” without specifying if those were the forces on the fluid or the forces on the pipe,
and some groups got confused because of this.

- Onto the same issue, the best way to specify the direction of a force is to show it in a sketch.
PROBLEM 2:

- Remember that we have seen two ways of applying conservation of energy. First, you can apply Bernoulli
between two points along a streamline. This is our good old expression:

z1 + pi/(pg) + v12/(2g) =7, + po/(pg) + vzz/(2g) + (losses between 1 and 2)

where z; p;, and v, are the elevation, pressure, and velocity at point 1 (same for point 2). We used this many
times in the old times (a.k.a. before test 1) when we assumed inviscid flow and didn’t have losses. Now, we
are dealing with real flows, in which there are usually losses. Furthermore, these real flows are not usually
uniform in the cross-section, and we are not usually interested in determining velocities at specific points of
the cross-section. Rather, we are interested in determining the “cross-sectional averaged” properties of the
flow, and thus we work with the cross-sectional average velocity, V. For this reason, we have developed the
control volume analysis, which deals with cross-sectional averaged quantities. The conservation of energy
between the inflow and the outflow of a Control Volume reads

2106 + Prec/(pg) + ViH(2g) = z2.c6 + paca/(pg) + V2/(2g) + (losses between 1 and 2)

It looks similar to our old good Bernoulli, but it is conceptually different! Now we apply conservation of
energy between two sections (not two points), which are the inflow and the outflow of our Control Volume.
z1.cq 1s the elevation of the center of gravity of section 1, p; ¢ the pressure at the center of gravity of section
1, and V; the average velocity in section 1 (not the velocity at a particular point). So, in the future, be
explicit about which version of Bernoulli you are applying, and between which and which section (or which
and which point).

NOTE: To apply conservation principles, the control volume must always be chosen so that the flow is well-
behaved both in the inflow and the outflow. For this reason, pressure is hydrostatic at these sections.
Therefore, the piezometric head, z; cg + p1.cc/(pg), is constant in all the points on the inflow section (and
same for the outflow), and you can evaluate the sum of these two terms at any point, not necessarily at the
center of gravity.

PROBLEM 3:

- Notice that the reason why we can neglect the headloss in problems 1 and 3 is because in both cases we
have a short transition of a converging flow. Since the transition is short, the friction loss is very small.
Since the flow is always converging, there is no minor loss.



Problem #4:

A few groups didn't have the formula for head loss quite right — we must also take into account the elevation
difference from one side of the hydraulic jump to the other. The formula can easily be derived from the
equation: H_1 = H_2 + HL_(1-->2). See solutions for details. A handful of groups also answered the last
part incorrectly. Conceptually, if we lose energy going from 1 --> 2, we'd have to gain energy if we went
from 2 --> 1 (by conservation of energy). This would yield a negative head loss and negative energy
dissipation (which implies a head gain and energy gain). This situation is physically impossible, so the flow
only goes from 1 to 2. See solution for mathematical solutions.

Problem #5:

Don't ever assume that two graphs are the same simply by looking at a single plot! They may look the same
with the scale you've used, but there still may be large errors. Such is the case in this problem for values of y
near the bottom (y = 0) where errors reach 25%. Everyone lost a point or two on this. Also, use Excel or
another graphing program to make your plots. Handwritten plots are not acceptable (especially when units
and other things are missing), especially for something like this where you have to be very accurate. If you
don't know how to make graphs in Excel, ask the TAs. It's an important skill that you'll be able to use
throughout your MIT life and beyond.

Problem #6:
Don't forget to explicitly say which way the force is acting.



PROBLEN SET 4- SoL Uﬂ‘dﬁ

~ PRORLER N1

A
Qﬂ:(\)ﬂ = \/ﬂ'A,q:vG.)qs :‘QV‘BZE_E“\/ﬁ

L’
g - Flcfgl: —-——-ﬁb'fdzl:()bif‘ﬂml
V- 925y gy,

F)(’Mwuﬂ MW&M H G/w( E: (Wfi M}lefowo, W’L‘OZL M
T w4 e dafow lefwea A
ol B < ametl, decawe Thon we
M a Mhmi&m%{ o

Ly (4% 1) V" = fu- e

Lgsp 45 Vits 150% (5:40° = V> 1331 "%

L { 5
Vg= YVp= 708 i)



Thuat o h:
ey = (PVe'+ ficen) Pa = (850-171°¢15.10%)-0lasi = fsi10 W

TM o B
My = ( F‘/Sl’cftcmﬁ)'ﬂs: (350- 7085+ 15-40%)- 0322 5425 N

Wt,:zl«_j:
W= f5V= 950094018 = {250 N
et GJ WW« o 2= deneclian -
T Fowe tn x = Mfa w0 45° - Hfy a5+ ==
V2 VZ
= Fe=- 11090 7 50052 - qms W (b the G)

—fﬂ\é’. M%&nfj jclfe, f‘—f’j
Phe Joud 0 o elbo
}‘D(ﬁ jlz‘e LAng. MA \/i\,goé_
&Ot’v\} 2’}3» 2‘& g .
Corasuarfon ﬂj wevadun in 2- drechin

ZFow, in 3 -— My €a 45°—W - Hfg 12045 +F, =0 =
5 - qit0 & ei25045415 < 19655 NV ()
> The el jfﬂc@ &:\
The f&:c{gg the elhow

W the 1one MA ]fo\o‘(a
&in} MMMo . ZN

—_—



-PROBLEM No. 2:

a/ b, and (] ar Loariosrel ard JFeerefor
Combribete rno rvorsresricrsr /arf(’ 137 verbaCad e'tEclivs,
THhe only verthca! nromwrcerieies foree /s fZorev
Fhe /'naf‘a’en//‘e/

(p 4 4 *p4)oms =4

beeF 2, = O /é/mw,a/?en‘c pressere o al/ J/'a’ﬁJ‘Z
So

VWé.C'a//'E/er /S vz = =] 4% S42/3

4/ Sopr Fors bt v oreresrFecns L JSarr <o ssoeT ior A
all fPeesseczes 66/‘//7 Zezo wpi7ce /'616‘ wze free
2

2 2
PY Ay +pY 4oy = pd 4
or- Sl#7cc J=%=<//,’-



Ay = A, = A, o5 )
Corrsorvaliorr of velenre /cm}}'ﬁa/'/;/ Gves
Ja'% = &, = d,_é_ "4'4; = 20, »

/

Sy + Ay = A, (2
Corrr ézh/x«r_j (7)) awrar (2) zves
M (/o) 2 A R )Z

e/ /?/p//‘c*r: lorr of Beriroe/r a%u—z; s PeCarsr Lisre
/¢m—: Q A R gies

G 25 +plpg * 2 = Ylog g Py tes
buf po=p. = 0 amof 2,-2,. is reslycble so
4 =4
Similavly, Bewouls foorwr O, Fo L goves

Y =t (=& fromr abrme) g.ed

a) Fomr () we Aave a/n7 4&4:»74}7#/!»»
o A R

0@2’/2‘7 "‘éo -2/—)'-" yf—* 2/2}’
Mdjn/'zddc' o /aa/zj = /4 z/ﬂ?-/o) & /O

_Z./ [20_24*')3{V =~ 7 J/_zz /4L+2‘7.=9¢=/4;7%
with gravity = (4 m/s widrout. Differessce >S5 %

T would start o wo sty A /V > 7/ Ao 2r




— PROBLEN N~ 3

e
Ed
“l{ {—;ré_\)/'i
_.:f»
21 J -4 f’lz

@fﬂwfg Mwaz,, A‘a%rw [i) ond Qﬂfj&b\/(—z)
Q: ‘ﬂl{Vi :'41\/1_ =) V‘.’: jfiv)_

1

T’z\«‘g O~ M fmim &ﬁ/ O W?‘Y\J /(1%//4&
Q20 s Bemgudh MW% 4207-(3&«-0 1 od 2
‘?Ab@ V2 /.2
f¢+f921+]01-—’ - j/u/;zz,c ‘f’
S"“‘@ ;%‘“’ LA Aeot‘&\g 1 od 2 o vﬂ,MmJ
(asght panclll chasnbn)) pifss iy edal

&’69’\3 Ju{ Mj\ p a8y
j/l,haf?? Z; = P? ﬂli [ﬁn?to/j%& ﬁémg{ win J,)
ﬂlfpg 2, = Pﬁ A_;,_ [ (" 0 ( 2,)
Ths 1

2 \/}_"
/ E)Ai’cz_{(]f—l) V, :j»filf_z__
7 ;\L) [J\fo%fa(co%m
Vz,: Z 1~ 5 2.3(3),[3_ %) _ ( -
uar CVE 0k 3 6910 ™
Q =V, koo €490 051 = 426 B

o

AR L

L




£)
Now we 7‘7\% Bouneudl: aé/\;z&e Jua,mz’ne_ ﬁ% @ 11&@:
[lsi? fjl‘w‘%ya‘/f = 74A+T034H45{/0H2

o 0 O
DOa-= O L @

£y 6. (enber (QUer

J V', el
o J\ £ I - ’ _ /
_i 1 2————3 3f 7“7{8 = 30 m

9
To coddh Hhe Aoigfed ;w s e ?Jc, we W
it 8] bocsr memdian, in. 1~ et

fo  fhe CBVJAJ bolime Jdves nectos 4 ad 2 :
(blon o 45 reglded s 4 3> o "shod” Frensito)

, =
Mf
AN
{ /
)rl{(z/},f N én__%-
"""" B S pu(2) 12

HF = 2 ‘f\ 2 4
{ (f"ccq FANEIE (@—i“‘ﬂﬂf ?‘%E*/W"wﬂ'gc
Zwﬁw
A Joul <t 4 = 50157 '%vx
- (110 A (000 i)
L 3 {000 & 7?0)-06/—" 3/62?%

26z O (dhedy Jol)=> HE,- FHp 20> F= 6P, = 1530 Y

¢ Jore Juid o 1
Dok mtek




d
Jd/mw»né )‘?MJE f“”“"“

aA

Fo ot of the Fuah of pre = 5 fy fhy-d)

- W2 240% 24601 %

e

) Wher %»/ ~ Wé f«aj ﬂ\e gafalﬂw e Uefwfg
nein fhe Al of e gk . Thoke, the
will fe meduced vean fhe Lt gj Fho ?Jf wth
wped B Ischaletc pronue (Hos s wiypd b
B oumondh ej[ﬂuai‘@a). Noke <ho Tht /WJ B o o
odacdt with the JMM, 15 =0 TJw,/ Hle
fotd }ate o ke }Jc (11530 '“Z,\) o tala Fhan
on e Adintde cte (21609 %),




{
:i;//”//////////////7

C@J{MU: Viiq = \/211.2 = VJ.: \/4 é—‘- (’U

NATE : Shotl fognct Fmarm 5
MMM : Hﬂ = H]Ol (Guf AH;SY%L“TQ ry ”Ji?;‘

(Mg e (L e+ P, Y
Sw&jhjim() (4) ol (2): )
L pyhte fh: 215k +;””

203 (La bt yh) by 5 k=0
‘ﬁ‘zg" ‘ﬂ‘fu’z“ QV’U‘J‘ é\/lj\z:O

I f

h () - 28 (i 4)-0

b the k)b k)- 250 phyb)e0
ﬁ\ z>£‘ = ﬂ\ 4, #0 ;Uw/m /;;”“ yf+14{:0
A hd - 2y g o ﬂlﬁﬁi(f%f 3%)

‘g - ~d + '{‘f'% ‘ ﬁ\




Y

brany tomenudsn : s
—Vi--ﬁ fl—- oy B ——7‘ iﬂ——fz *Aﬁd-—az
1 fq 23

Wl - W%a@d‘w{e«fi = f'—lcz WJ%
T/Lm, %ﬁ+ZlMJ}\

0
Mmzx Mx)miﬂ”mwi%m

_—

Rete qjmw ogucftaf\m o Mj wﬂ/\j He M
Eros = {5 Q4H sy = 200-(1041) - 435 12l

Dty ohia by ok Yy o o ool ey v s o e
C:Mfmj} o momfum | &y W A o (). The wo &_}MJM
Wt [M‘}\C“Jlol Whe, we Tobeme %&N dreclion, - Tl”"%"“’» %
by and V, hawve the rame vsbues 05im () el Vi
will aber howe The 1ane veluey, fhat o c Ay Ao ol V-0

4) g gy Wm el a,?% A () ’

- —115m < 0

V;, PN S A ;; u %— 12+ iy =/ 2—’1“AH4"’2 S
~ 2.0 %, <0l

19 ‘pcd
o Epay {5 Q4Hys( =

%9‘4"3 ! O('%f\JM Comal ¢ mg@fwt race Tho wold  ean

ot of  Tharefoe | e onclude Mt fhey hgpothotical Hlow

mwm’ g 4 MT‘AAQWC&’LM g?tw%mama
iwbazﬁbdj Ay V4 MJ\%}\H*A ‘T~ MCM’%‘M

cluionys toasllen J'B Lon h. Thes &5 cwdd with
fhe M?:%JL We dtgl:jfffm m%&ﬂ«/ 674@»4«\&0
cv\cﬂ '&9:( JLLO?L LR 5 YALY )U\e &Lﬂwﬂc

i (1masth)
%Jw@% mmaﬂ%(@m o thadd wmwdf&
4



_PROBLEM N5

D;A;Col‘»\; He vumenstor ond Fhe  Frnsrrindin Ifg foe
wodlh a:f Jo Channed

Lk o2 [Y\m
Ef‘_: Luo (%) 6{(4 - (T‘_ﬂ)l._l._ f}qka%“/j\:

— A Y n \3 -
Uy* (i) h
= (“_ﬂ) ( ! It % (»n-H]B
" 4\”%‘ 1+ N




A )
)F«m PRoB Len SET 2, floBsm N- 9

U= Ol&ﬁ:wg /O) 059<2  [si)

Uy= U (y=2) < o%(”{i_{f ):()’ﬁf "

Uz 080" (fan 152)
he 2

Denste #{ :;AWM-J?MU W@a‘mfsa« with @ 7({0{19 ﬁv)
Hfs" Uy = Ofm m/ﬁ

LO® =090 = n= I

o~ 7
U=U=2 L u,-
n+l rnH

a;uwxffm% I}imw He & M»@wﬂ‘&
fondes - o Wcﬂd‘m t9 We,géﬁg}ﬂ\( nletae enn

f{jﬂ‘( rdvier - M (had 2 /u@) “@/) by s

A #\E ﬁ}w\{j }L,/\é élw j/@m;{[w W,
M;Zﬁ riﬂf? uaoé’exxmo&zg {Le fa M&f;:vm ¥ 4/)
o uppor megon, ikl of Jé@ A 259 dodfwn
of the  veon- fdtom [)oegc/tg OJI«Z Fhen & He m
(st 5., Jo tedmad Srcropet clidibn), Mo W
AD Uwg }wtf
e) (o (A

sgfwmmoéwww&w .

W lrest

G B ll i by e
Thot cnidlly e o ceudmf with et We o cn wchdin 5
F'2 008 — K ~4+6 Ke ={#35°".



y (m)

y (m)

1.5

0.5

1.5

0.5

Log profile vs. power—law

relative error

1 | T I T T I T
log profile
— — — power-law, n=7.72
| ] 1 |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
u (m/s)
Relative error of the power—law
I ] | I I 1
T i | | 1 1
0.05 0.1 0.15 0.2 0.25 0.3 0.35



_PROBLEM N6 :

«)
LT
h, = |
e WNZ7 =
Q. 5 - 1, =
ar\ e R e e B e :}_—; N __9{
B il 2

_ 2 we _ Dehawed and
}ff )\;Aj,j;td \jﬂ‘zl\ Hhas J,L;J; V;f WWM%M 9 {f:/":w
cn Mo The fromise 0(.%@ Mwee,\ 4 ad 2:
fuce -f5 ho ~fon 9 45 (A MOJ: Po g
= e {06 = (fn-f) g hm = (2600- 99 006( = 7532 f

The (G 90‘/ oo 4 amd 2 o on Fe 1ome sheardne .
Neéltothé wall fu‘:ﬁ‘m Wo (1ace Tranedn s ghed) ,
We aﬁﬁa Bonendlbe Aetwar, 41 ol 22 W‘MJ
the @t treambng :

Puco # L PV pyee £OB° (1)
hoe Viz O/ aol Vo2 @A (KuzKe= 4 omumed) ol
we houe W\iee{ Fhet 24,06% 2306
@Jsm*fg Aofete, - .

@=V, ap” < V av'= V- fﬁ V= 4V, [-3)



Pfu\zﬁmz (2) e (1)

L g v T, [T
fl4is 21y “fuat I /57 5t 10%

VI:LIOO%;@ \/4 14,,{0(_001?4/

t)

&’)MM A Mmﬂ“ Fhe jiaao@mmm W%’lma/lkg
2H ey (- )’
3 2
By toniascty , @ =V, ap= o op® 2 Vo Vo Throfore

¢) 4 :
e & e e F e

o | e ST,

= Q —-—:\ - ll(f_‘_
;q____,_,___ HL/:’—::_“_F—TE__H _“H‘j
) 3

&MﬂWJJM GJW% MW&/\ A4 eadd 33 0‘07{4)5%

100 & j .
RRAE B N S
boe 24,062 %, ; Vy= Vo, AHJ=0 (wall poctona & ol wnee
S Y / ﬂ’w»!/; 9 j‘ﬂ;e-
14,6~ 3,002 P5 AHegy = 9800 0457 =447 o
Homeign  tompu<tn < ;é(LeCV Wd M?\e/@
(= M - Hf3 - /—">F(f‘/r o) A - (Vs ’Lf‘slffr)ﬂs
()~ (- poce)an™ 441801 451 (o e G0

The e o wu g e vk

Ly 45 W jbﬂ\t




