
MET 330 HOMEWORK 7 ALEX HIGGINS I

12-3 GIVEN :

WATER IS FLOWING IN THE SYSTEM BELOW ?

30m
B

• >
>

• >
REF
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n
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DNSO

SCH 40

< OPEN
ANGLE

DNIOO > %€%¥ggÉ=§•< VALUE

sat 40

Q= 8504min
>F- 10°C

how = 60m
Br

• STANDARD ELBOWS

REQUIRED :

a) Finis Q in EACH BRANCH .

b) Finis Pa - Pis

• INCLUDE MINOR LOSSES IN LOWER BRANCH

SOLUTION :

• START W / BERNOULLI 's EQUATION :

☒ Pa +V # = Pis + Vt he + ¥
2 2g 2

Pa - Pis = hz OR SP = hz

r r

• DETERMINE LOSSES IN EACH BRANCH :

Top : Bottom :

• 2X TEE • 2x TEE

• 30in PIPE Loss
• ZX ELBOW

• FULLY OPEN ANGLE VALUE

•

60m PIPE LOSS
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12-3
• LOSS EQUATIONS :

CONE

PIPE Loss = f L v2

D 2g

Elbows : f Le V2 = f 30 V2
D 2g 2g

TEES : FLOW THRU : f 20 V2 FLOW BRANCH : f 60 V2

2g 2g

ANGLE VALUE : f 150 V2

2g

• FOR UPPER BRANCH ( BRANCH 1) :

AP = Zff , . 20 . V12 Jt fz Lz V22 • Lz= UPPER PIPE L

✗ 2g Dz 2g • Dz = UPPER & LOWER D

• V2 = 2 IN UPPER PIPE

• FOR LOWER BRANCH (BRANCH 2)

2

SP = 2 ( f ,
• GO.KZ/t3(f3.3o.Vg2zg)+fz ' 150 > Vs + § ↳ V32

✗ 2g 2g De 25

• ADJUSTED BERNOULLI 'S '

.

hz
, =hLz = SP

r

• PROBLEM STATEMENT ASKS FOR FLOWRATE IN BRANCHES ( Qz , Qz) :

① 1=0-2+0-3

Q = AV • : V=Q
A

• SIMPLIFY TOP AND BOTTOM EQUATIONS W/ KNOWN VALUES

Q
,
= 850 L ( 1min

- 1ms )
= 0.0142

"%
min 60s . 1000L

V
,
= Q

,
= ( 0.0142

-%) = 1.7297s
A

, (8.213-10-22)

NR
,
,
= V

,
D

,
= ( 1.729% ) ( 0.1023m ) = 1.72 • lot

V ( 1.03 - 10-6 Paus )



3MET 330 HOMEWORK 7 ALEX HIGGINS

12-3 RR= D
,

= ( 0,1023m) = 2223

CONE E (4.6.10 -

E)

f
,
= 0.25 = 0.25 = 0.0189

( 105 ( I + 5.74 t 5.24

3-TRR Npo
.9 ) )

≥

( 1054
I

3-712223) (1 . > 2. 10510.9 ) )ʰ

hz
,

= 2

( 0.0189
• 20 . 1.729%2 • V22

219.81%2)
) + £2 ( 30m )

(0.0525m) 219.81%2)

= 0.1152 1- fz • 29.1248 V22

hi
,

= 2 ( 0.0189
- 60 • 1.729%2qq.am/s.y)+3f3 • 90 • 3%2 + fs -150232+1-3 / 60m /

v32
219.81%2 ) 219.81%2) 0.0525-219.81)

= 0.3456 + f
,

• V32 (41.28 + 7.645 + 58.25)

= 0.3456 t 5-3 - 107.18/32

• SET ENERGY LOSS EQUATIONS EQUAL TO EACH OTHER
,
SOLVE FOR V2 :

0
. 1152 + fz • 29.1248222 = 0.3456 t f } . 107.18232

V2 = 0.2304+5-3 . 107,18 V5 ( l )
29.1248 fz

• USE CONSERVATION OF MASS RELATIONSHIP :

Q ,= Qz + Qg = AzVz + Az V3

= 0.002165 ( V3 + 0.2304 + fog . 107.18 U} ) (Z)
29.1248 fz

• USING ITERATIVE PROCESS IN EXCEL
, fg AND 5-

z WERE FOUND TO BE :

fz = 0.01849 fz = 0.01988

• / TERITI VE PROCESS ALSO USED FOR V2 AND V3 :

V2 = 4.38 % 22=2.18 %

• SOLVE FOR Qz AND Q3 :

Qz = Az • V2 = ( 0.002165m2) (4.384s) = 0.00948
"% = 5694min

Qz = Az ' V3 = (0.002165nF)( 2.184s ) = 0.00472
"% = 2834min
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12-3 • CALCULATE IP :

cont

IP = he
,

•
: SP= he

,

• 2

2

AP = 0.1152 + fz • 29.1248%2=0.1152 + 0.1849 • 29.1248 (4.38%)
≥

= 103.4 kPa
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12-4 GIVEN :

BENZENE IS FLOWING IN THE SYSTEM BELOW :

n n

A •→
*•••>°g,,,,,yy#

BREF
6
"

)• FULLY OPEN
CHECK VALUE

•• )
7

GLOBE VALVE

^

8
"

<
500ft

8 "

7

^Q=l350gaymin(w8")2"②É
↳ Ben

= 0.87

F- 140°F

ALL PIPES
= SCH 40

REQUIRED :

CALCULATE THE VOLUME FLOW RATE IN 2
"

AND 6
"

PIPES

SOLUTION :

• PROBLEM WILL BE SOLVED USING BERNOULLI 'S EQUATION

☒ Pa + ✓€# = Pis + V¥+h , +€
2 2g 2 2s

• THERE IS NO PUMP HEAD
, NA AND BE ARE EQUAL AND CANCEL

EACH OTHER OUT
,
AND BOTH POINTS LIE ON THE REFERENCE LINE

,
So

2-
, AND Zz ARE 0 .

or

Pa - Pig = he • • SP = he

ZÉÉN MEN

• ENERGY Loss can BE FOUND FROM EITHER PATH :

SP = hz
,

, SP = hL
,
2

2BE~ KEN
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12-4
• LOSSES FOR BRANCH ① !

Cont

vn.h4i-Z@tecftaygJtfiLiH2tZfKeibfT.V} ) + ksw.se/-T,Vi2+V-un-wefT,V,
≥

D , 2g 2g 2g

=

Z@teeftVa2Jtff.L ,
+ ft (Zkeib + b-

guise
+ kuaive Yg

≥

2g D
,

• SUBSTITUTE U FOR Q VALUES :

Q = AN •
: V= Q = 4Q

A HD2

he,1=2(Kree ftp.16QF ft (f , Li + ft
,

( Zkeib + Ksiobetkuaiue )) 16 Q?ÑDa?2g D
,

#2174.2g
( t )

• LOSSES FOR BRANCH ② :

he,z=Z(KteefTa%)+ fz L2 V22 + 2 ( keibft.at/z} )Dz 2g

= 2

( kteeftn.UA
≥

) + ( fz Lz + Zkeibftz ) V22
2g D2 2g

= 2 ( K+ee fta 16 Q2 ) + ( fz Lz + Zkeisft,z) 1602 (2)ÉD" -2g Dz TED
"
. 2g

• ENERGY LOSS IS THE SAME FOR BOTH BRANCHES
,
SO

'

.

hz
, I

= hi
,
2

• DUE TO CONSERVATION OF MASS
,

QA IS !

QA = Q
,
+ Qz

• QA IS KNOWN
,
SOLVING hz

,
/
= hL,z FOR Q

,
WILL ALLOW FOR THE

CREATION OF A SYSTEM OF EQUATIONS :

Z(fTAl6Q¥ ) +

( f , Li + ft
, ,

(Zkelb + ksio.setv-un-u.ie )) 16¢12 =

ÉDN
"

.2s D
,

#D
,
"r

2

ÉfTÉzg ) + ( fzlz + Zkeibftz ) V60}
De

ftp.4.zg/ffzLztZKeibfT,z)Qz2.D,4
Q

,

= Dz

f
,
L , + ft,i(Zkelb + Kgzorse + b- value )
D

,
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12-4 QA =

( fz
Lz + Zkeibftz ) 022.174 + Qz

cont D2

f
,
L , + ft,i(Zkelbtkgzorse + b-

value )
D

,

• USING ITERATIONS IN EXCEL
,
THE FRICTION FACTORS f , AND

£2 WERE FOUND TO BE "

£
,
= 0.01726 fz = 0.01922

• USING THE ABOVE FRICTION FACTORS
,
Qz WAS DETERMINED TO

BE :

Qz= 2.166 f- +%

• USING CONSERVATION OF MASS
,

Q
,
IS :

QA= Q
,

+ Qz ◦

°

. Q
,
= Q

,

- QA

Q
,
= (3.0078£ ( 2.166 fᵗ% ) = 0.842 fᵗ%


