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PUMP-PERFORMANCE GRAPH FOR PROBLEM 4
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Figure by MIT OCW.

Adapted from:
Figure E11.3 in Young, Donald F., Bruce R. Munson, and Theodore H. Okiishi.
A Brief Introduction to Fluid Mechanics. 2nd ed. New York, NY: John Wiley & Sons, Inc., 2001, pp. 461.

Eﬂf l fg,t

d) b = 107 J- 0038 [KT)“ﬁAHJ 2061 Q"
Hﬂ,s-fzqzq) L(50), H ()= g 330007 [@(9/)]

They nalcfouksy W‘B Po cuwe Vo1 pirc” plthd o
T&memuoafwf) whee:

Q- 1360 TH > 001 ™ —sucelln deacheege ,{
B=d0 H = 2, L b purp b

vz 0'H -
;&HP - @o.q‘s-a‘m-z( 930 k=303 HP - ild The 1A
e BT — oy Gt




~PROBLEN N5

& — 3 o
Sj:op. Z;, S"-f‘m
e 7;—-‘-"3—9 F ﬁm}{m
ne, 7 e v Lo He ylad
7 T g
—> T } Jhoa T2 on e’ ..
s = s Oy thew
2 —3 & wills

s
(
\
|
!
!
)
|
!
J
|
|
]
[
|
1
L, 4l
m\
=
Q‘h—
S
& 2
£

4)

Fran fhe m en ftecoﬂt'aa . -—e
oo (S - S6) fug L = (150-1)100- 43002

A\Y ) %J A9 wﬂ-wﬂw{ in a,eu?t.lwg 1 ad 2,

fa, o = o 3 fia s = 200
Tt

T
wdkt

ﬁ) T & 4 A -t - So o cdodte Ty
We l‘lz,),\ia\u_ D ﬂ-a YR) in ])mog~W6~‘»€Z<olxi'J WJM.

Wygeavsic /A - e 42 - 8B m
o " wfhd pecede f4fs262

o V-gq-—ﬁj‘) . 090 (4 0%, {’01-{07 roopy

0 = {-60285
E/@'U\)‘ §3-10°%//4.0'333) = 00040

i E}{HVZ 25‘1000-0’0235-0(901’ 293 f~



‘)
We erﬁa W;m gé{ L@M W‘ﬂr-’l&jm o 1,_5&-'!60{:&\
o the ool olune WM ot
JF. =0= MP- M —Fe =G5 (]L 5 "@/ 7}{-{ w[%)

W= pes 6 4
0= [PV + pace) By - (P +fta,c6) By = P T
b 9"}"&‘”"3& '("L%‘“f j"irCG-'“f/lz_!CG = fa- o< 900 T~ .
B'g G’“ﬁ‘w"jy J \4” V, = V; nce Pizpych = 2ms
e (pa-e) A - Ty fy 22002 228+ (6:3) ~ 3591
Th d )u‘( ‘ﬂoﬁA ng A o
%&Bm ﬁ‘::é ji:‘ofo& ,?‘z: (+x)jircecﬁm. W

D2
X / ’
'Drttg: F,Dlgsﬂn/:if)q,ﬂq_\/l

359- 4. jo0- ¢, - (0%2) 09" &= 440

) 1Y B e e < pud X, o oteacle of

™ wﬁ;ﬂ,ﬂsf/ec Ajruu O\of MW.T@
iy & J@Jmﬁ& well -

= HJ&ZLWJJ«C W af &oﬁ‘m 2 ijoé 'M*?L’ée

passeed | end 1,6~ P 7 - fls
-ymwo@nf WKWW(UM?#W%
udin 2 1o “’MJ;') ool gt



Y4 o dond o e o vehe of ¢,

We clodated He shest alress M}@d‘ Fhe pretne
of e ofiin. T e des e offf o o
He boed  ouon- wdoadd e sy ;WM\,? 4
MMKBL bdﬂm‘fg @\rf Pt %wdﬁ‘a« Mc(’ fr;; RU%
welbs. TJV’/%%] the actuc  codrdatin gf 7,
e fcw_ bdleng 45 f@tJM, ts e wecd Fr )
tlln  end e nend CD £ v tl, fhe CJajafe.

g)Ts» lodk < bt fwé,ym codd  yroded Fhe

Ozl'uﬂ« by & A.ﬁ(uwd frinm %{ YOx40 o -

V| 04%0m Io’kam

 — T

- bV o e
L N e e ™
NAVE %aimjwbotx wll bed T~ 3;
Vo stuaw in 1 Gy Gl Gwewf%

a ipecdlon o whan Wﬁrﬂa Wm WM.
Scnce Hhe maﬂﬂoh/&hg e e W’mcfm 9
wae ated foo\ i Ahe sl Cerg, fhe & Yo
wold olfacn  mew o A Lowir fisund

b4 8




- PROBLEH NS

Fou T=25C we N ,}Q\m Tl 8.4 ia yMJ K
Paa= P= (98 Yt aad Vi > V= 156 107 w4
This, oo D= 00%m ad  Upz 70 wmph= 313 ™%

We /!'L(Mﬂ

R - UoD . 33-00% _ 5. 05

T 1%6-107"
Faom Hhis (v‘.!«md(—‘ar\ W f/D?f%'fO’b We obfzn %«w—x
F’Ja. 7.4y : Do it O(LH.

“)fq sl ch

we OMumg Me ‘70 w\(}c A L)céac\j Mu/m M
ond pie, ot of Fraiel &5

Zﬁﬂ,\j 0f), - £0-0305 . g's§ 5

(s « Lt c;f Foe To awiny the bk and j\jﬂ{M.f)
) Ux Vo = omfeed, then the Al weuld egpoccace

o aﬂm{} %maa

Fy = Fo= Z!CDO zﬂg-Donzi 102 N
This, dincag by Jigit of €, the 4oll koo dae
Wow &W fhe 0&_(,(} f"‘“‘;
Wew dse x Fy, ¢- 102 -60-0505- (11 T
Thy e doe ey deon oltoined o Hhe 4l
Kﬂf/t:‘*e M«‘Adt‘c Enefl
Evea o *2’* m U2 €367
2 b fhe I/ froey fhe fjaf(, ,C/fﬂ winefic Sy




o) rceoé«cea( fo

Eca, g ° m Uy s Euca,p — Wowt dov= 656 y1: 4147
n !

Ué: 0353 U,z 261 W\/:)Cg-?:llﬂﬁ}\.
O Y of Un o™ 0 ph condnd Ny

CJCJJ& ]Lr( Wi rcemwé% NM(L Aﬁw Uy & Vg~ fOM K
fokdl ko Pkt ety by
yJJc {w\r\/\ Loier, Fhan whe JL,@N;@
) th r../f‘c’m’ﬂ

The el M«e«\@f by 4H }Wﬂw_a(rﬁ'g
ME"’M% Fp:‘:

wha 7 g f«mfat dovtnsierd |, znd Foz e
06%5%\ W&q UOJLU[ Oé“ﬂofaﬂ e

a4 615 L U]y
WJ‘D‘-@ 2 Z f/l
G- G (fes AALS IR | r"e-/0’3)

ot ) .
W= vedicd (dowminad) vebscky = 2

Mﬂé W-2 «U~U, we s»{{fam

Mz & fpof‘qDUZ“FD"U
They | A MCJ«»«JM@;/%: Ll s gotmnel 4y
Ml"MﬁHFDO-O—- NMg

WM Xl}% 0&4 ﬁme W& W Aince
ey fOzn/<m3 (BIN o z &d Q“f‘”f"’w

The edced %Ja\ o ﬂw,/w; @r?ﬂ/wxmafv% The



’}Wl %ﬂ’ eijJ-‘&/\
¥ =My = Z:g
'W*jf+é ?JL wre wel o 10

Z= - j)L +( = 2% 5 91"2, _{?fz (265049 C/m@)
Z ok ~3;‘ = 5"63"% &, = 315 %

(Wa\ MWQ/ 0&45 %g\((_? ~ 0—0‘3’16([)
Sine X > Uy o Fe x My and e Ao Fhe j4c7;07‘m;7

Z= .;-— _{% xl [?:l U{»;ﬂé *Wf( ﬂe
In padioden, ol 0 pht MJ}
Zp- M iﬁm mond T !.ZJe :2(:(:5}:4{6%1.

U, =33

e

TR e

Up=26%"%

. * (

\



ALTERMATIVE SOLUTil TO  Quksnod (&)
Epuchan. ooy hoctakl ik of 4ol
2 2 Y 2{\/
mr = - FD?L :“,'i'PCD {U-&W ; l(/-31—7'!) B
Q.'*Jiprog“DzU‘,i < "'(FDO/U,,)Q.C
WL’A CU "—"Cpo L5 Wca[ Aﬁ‘)"é tJ:';ﬂL U'fw ')_/Uo ;}_’MJ

x fifl,'cco

‘MUo

0DE sz‘z\ WJ&M ubﬁtmj i-‘-uo C\j'/_lo

% & Us L & {*Eﬁfff ZL
a:\(f/rg‘a i«\feTJ&m ) 9(:0_ Aj =0

0

x= (UoZM/F:vo) [i' e {—,;\"U(; ff]
woth = ¢ p eﬁmci‘m %’l XL yAY :ff,, _. Od itk
T }1(\ eg{ucf&h f«L o=/ 47 U},l:x s Aall
”U’WM Nﬁ{f TL@ Mﬂg o :
f- 0632 g Somilon To Fhe

rL ‘ ( }\, T%ﬂjj #‘E W@M
UY(: 240*'\/3: 6‘0[1 MT‘ ppprisach.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


