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12-7 GWEN :
BENZENE IS FLOWING IN THE SYSTEM BELOW :

PIPE A CIRCUIT I
] >

n ?

n n ✓

> •Mo•••
REF

) ?⃝ 6
"

Fancy open

Sw'~ʰ TYPE

CHECK VALUE )
7

GLOBE VALVE i.8
" ^

<
500ft

✓
8 "

7

1 ^

< <

Q= 1350 gal/min ( in 8
" ) 2

" PIPE is

% Ben
= 0.87

F- 140°F v= 7.41.10-b f%
ALL PIPES

= SCH 40 2=54.55 lblft
}

REQUIRED

CALCULATE THE VOLUME FLOW RATE IN THE 6
"
AND

2
"

PIPES USING

THE CROSS TECHNIQUE

SOLUTION :

• STEP BY STEP HARDY CROSS METHOD :

/ . h = b- QZ • SET up HEAD LOSS EQUATIONS FOR EACH PIPE

b- = 8 ( L + { (e) £ • THIS is THE K FOR h=kQ} MINOR LOSSES

ÑZgDᵗ ARE ACCOUNTED FOR W/ Le

Lee , ,
=
30 Le

guise
-
_ 340 Leuawe = 100 • MINOR LOSSES IN PIPE A

Ka=8(500ft + (2.30+340+100) ft ) fa
É(32.2%2) (0.5ft) 's

kB= 81500ft)f
(32.25%2)(0.1667ft)

'

2- GEUSS FLOW RATE FOR EACH BRANCH SO THAT THE TOTAL EQUALS THE

FLOW OUT OF THE JUNCTION
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PIPE A CIRCUIT 1
>

12-7 ]

^

CONT ✓

> 850 Sahin •Md•••

Qin : 1350 ) ?⃝
1.894 fᵗ% ② >Sahin

n

^ 1.114 fᵗ%
< 50054min >

✓
8 "

<
'

<

Pipe B

• GUESSED 850 "4min FOR PIPE A
,
500 FOR PIPE B

- PIPE B IS GOING TO THE LEFT
,
SO ITS VALUE WILL

BE NEGATIVE GOING FORWARD .

3. DIVIDE SERIES INTO CLOSED LOOPS

• THIS PARTICULAR SERIES ONLY HAS A SINGLE LOOP
,
LABELED

CIRCUIT I

4. FOR EACH PIPE
,
CALCULATE THE HEAD Loss w/ ASSUMED Q .

Pipe A :

ha = 8(500ft + (2.30+340+100) ft ) fa . ( 1.894 fᵗ%)
≥

# (32.2%2) (0.5ft) 's

= 2889.64 Fa

Fa = 0.25 Re -_ ✓D= 4 Q . D

+
5.47 )2 U ITDZ . V( 10513.1% Rear )

= 4 ( 1.894
"%) . / 0.5ft) =

G. 51-105

= 0-25 It ( 0.512 . 7.41.10
-
• ft%

(

1051
'

3-7.3333

+
5. 4)

(6.51.105)°
-9 )
)
"

D = 0.5ft = 3333

E 1.5.10-4ft

= 0.016

hA= 2889.64 • 0.016 = 46.23ft

PIPE B :

his = 81500ft) ( 0.019 ) ◦ ( 1.114 fᵗ% )
≥

= 2305.42 ft

(32.25%2)(0.1667ft)
'

FB = 0.25 Re = 4 ( 1.114 fᵗ%)(0.1667ft) = 1.15.106

( log / I 5- 47

1)
2

IT ( 0.1667ft)?(7.41.10
- 6fᵗ%)

3.7.1111

+

( 1,15 . / ◦G)
° 's

"% =
10.1667ft)

= 0.019
(1.5.10 -4ft)

= 1111ft
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12-7 5 . ALGEBRAICALLY SUM HEAD LOSSES TAKING DIRECTION INTO

cont ACCOUNT

> <

Eh
,

= ha + his = 46.23ft + ( -2305.42ft)

=
- 2259.19

6. CALCULATE ZKQ FOR EACH PIPE

D- = 2.12.89 • 1.894 ᵗᵗ% = 48.83

B. = 2. 1857.72 • 1.114
"% = 4139

7. SUM ALL 2KQ VALUES FOR EACH CIRCUIT
,
ASSUMING ALL

POSITIVE VALUES

EZKQ = 48.83+4139 = 4187.83

8. FOR EACH CIRCUIT
,
CALCULATE A SQ

SQ = Eh = ( -2259.19 ) = -0.539

EZKQ (4187.85 )

9. FOR EACH PIPE
,
CALCULATE A NEW ESTIMATED VALUE OF Q

Q' = Q - SQ

Q'
☐
= 1.894 - ( -0.539 ) = 2.433

= - 1,114-(-0-539)=-0.575 • QB IS NEGATIVE B/C IT FLOWS

TO THE RIGHT <

10
. REPEAT 4- 8 UNTIL AQ BECOMES NEGLIBCY SMALL

• STEP 10 COMPLETED IN EXCEL
, SEE TABLE -

FINAL SOLUTION :

QA = 2.787 fᵗ% ( 7.48052gal . 60s )
= 1250.89 Sahin

1ft } . 1min

0,3=0.221 ᵗᵗ%
( 7.48052gal

• 60s )
= 99.19 9 ' ' /min

/ f£3 • 1min
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12-3 GIVEN :

WATER IS FLOWING IN THE SYSTEM BELOW ?

PIPE A
30m

>
> ✓ >

n
n

n
DN 50 Circuit I
sat 40

< OPEN

DN 100 VALUE%⇔E¥g¥¥••<
Annie

sat 40 [
✓

^
Q= 8504min

<1-= 10°C Liou = 60m
{ = 4.6.10 -5m Br

V= 1.3.10
-Guys • STANDARD ELBOWS

PIPE B. = LOWER BRANCH

REQUIRED :

a) Finis Q in EACH BRANCH .

b) Finis Pa - Pis

• INCLUDE MINOR LOSSES IN LOWER BRANCH

• SOLVE W/ HARDY CROSS METHOD

SOLUTION :

1. h = KQZ FOR EACH BRANCH ?

b- = 8( Lt Le)f
Eg Ds

2

• Q2 = (6.22.106 ) Fa . Qaha = 8 ( 30m -10m ) Fa
a

ITZ (9.81%2) (0.0525¥

teens = 30m League vacate = 150m

hB= 8 ( 60m -13.30m + 150m)fB • QBZ = (6.22.10
> ) 5-
B. QBZ

It2(9.817,2) (0.0525)ˢ

2. GUESS Q VALUE FOR EACH BRANCH THAT ADDS UP TO Q AT

JUNCTION :

Qin = 8504min Qa = 6504min
=

0.0108
"%

0,3=200 4min = 0.00333
"%
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12-8 3 . SPLIT NETWORK INTO CIRCUITS

cont

• THIS NETWORK ONLY HAS 1 LOOP
,
CIRCUIT I

4. CALCULATE h= KQZ w / ASSUMED QA
, QB VALUES :

ha :

FA = 0.25

I
+
5.47 f)

2 Re = 4 Q D= 4(0.0108 )(0.0525 ) = 2.01.105(↳ ( 3. 7.D/q Re
" ' IIDZV To (0.05255<(1.3^10-6)

= 0.25 D = 0.0525 = / 141

/ 1054
I 5.47 E 4.6.10

-5

3.7.1141
+

( 2. 01.10%0.9 )
)
≥

= 0.0206

↳ = (6.22-106) Fa . Qa
≥

-_ (6.22.106 )(0.0206 )( 0.0108 )
≥

= 14.945

his :

fig = 0.25 Re = 4 ( 0.00333)(0.0525) = 6.21.10
"

5. 47 IT (0,05255<(1.3-10-6)/ ' "( 3 .
>
!
,µ ,

+

(6.21.10
")
" )
"

D = 1141

= 0.023 E

h ,z=(6.22.10
> ) 5-
B. QBZ = (6.22.10

>

) • ( 0.023) • ( 0.00333 )
≥

= 15.864

5. SUM UP h VALUES
,
TAKING FLOW DIRECTION WITHIN THE

CIRCUIT INTO ACCOUNT.

Eh = ha + hrs = ( 14.945 ) + (-15.864 ) = - 0.9187

6. CALCULATE ZKQ FOR EACH PIPE -

PIPE A : ZKAQA = 2. (6-22.106)/0.0206 )( 0.0108 ) = 2768

PIPE B : ZKBQB = 2. ( 6.22.10> )(0.023)(0.00333 ) = 9528
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12-8 7
.
Sum ALL ZKQ VALUES

,
ASSUMING ALL ARE POSITIVE

cont

EZKQ = ZKAQA + 2K ,zQ,
= (27687+19528)

= 12,296

8. FOR EACH CIRCUIT
, CALCULATE SQ

SQ = Eh = (-0.9/87) =
- 7.5.105

EZKQ ( 12,296 )

9. CALCULATE NEW Q VALUE FOR EACH PIPE

Q' = Q - SQ

Q' = ( 0.0108 ) - ( - 7.5.10
-

5) = 0.010875

Q'
☐

= (0-00333) - (-7.5-10-5)=0-003405

10
. REPEAT 4- 8 UNTIL Q BECOMES NEGLIGABLY SMALL

• MY GUESSES FOR FLOW RATE WERE QUITE CLOSE
,
BOT I MADE

AN EXCEL SHEET ANYWAY FOR PRACTICE . SEE TABLE FOR ITERATIONS .

FINAL ITERATION FLOW RATES :

Q= 0.01091
"% = 6554min

-0,3=0.00326
"% = 196 4min

• USE BERNOULLI 'S EQUATION TO FIND PRESSURE Loss 131T INLET

PIPE (1) AND OUTLET Pipe (2)

* + P,
+ ¥tz= Pz + + hit#
2 2

P
,
- Pz = hz . : SP -_ he • 2
2

•HLA = MLB
,
so I WILL USE hLa AS IT HAS NO MINOR

LOSSES

SP=fa( 45%-2g) Kat

30
.

16 • (0.01091 )
≥

=/° "
"" )(0.052s Ego .◦sz,>4. zggg , , ) (9.81 )

= 149.5hPa
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14-6 GIVEN :

THE FOLLOWING FIGURE RERESENTS THE CROSS SECTION OF

A RAIN GUTTER ON A HOUSE :

6 "

< > •

^

when 3.5
"

2
"

r v

4
"

REQUIRED !

CALCULATE THE HYDRAULIC RADIUS FOR THE SECTION IF WATER IS

2
"

DEEP .

SOLUTION :

R= A

WP

A :

• SPLIT INTO IDENTIFIABLE SHAPES
,
SUM THE AREA

LOWER Riectawacie : 4
"

• 2
"
= 85

• % A- = / Osi

TRIANALE : 2
"

• 2
"

= Zsi

2

WP :

• SUM WETTED LENGTHS TOGETHER, USE PYTHAGOREAN THEORY FOR ANLLLED WALL

C= a2+bZ = 22+22 = 2.83
"

Z
"

t 4
"

+2.83
"
= 8.83

"

R= 105. = 1.13
"

8.83
"
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14-15 GIVEN :

BELOW IS AN APPROXIMATION OF A NATURAL STREAM CHANNEL W/
LEVEES ON BOTH SIDES :

-=rrT .

6
'

g.

^
- -

-
- - - - .

✓ ✓
,

' n= 0.04

AUS SLOPE = 0.00015
<

10
'

✗
4

"

×
12
"

✗
4
'

><

' °
'

g<

REQUIRED : 40
'

CALCULATE NORMAL DISCHARGE RATE AT WATER DEPTHS OF 3
'

AND 61

SOLUTION :

• USE MANNING 'S EQUATION W/ MASS FLOW RATE EQUI VACANCY :

Q=( 1.49 ) ARMS
"2

n

• n AND S ARE GIVEN ; FIND A AND R

A @ 6
'

:

Top TRAPAZOID : ( b. + 2-g) y = (40ft + ( Ife - 2ft) ) . 2ft = 84 sf

Bot FKAPAZOID : ( 12ft 1- ( I • 4ft) ) . 4ft = 64 sf

A= 84 sft G4sf = 148 sf

A @ 3
'

:

TRAPAZOID : ( 12ft ( I • 3ft ) ) 3ft = 455£

R @ G '
:

WP : 2/22+22) + 2110ft ) + 2 (42+42) 1- 12ft = 48.97ft

R= A

wp

= 1485£ = 3.022ft

48.97ft

R @ 3
'
:

WP : 2 (32+32) + 12ft = 20.49ft

R= 455£ = 2.196ft

20.49ft
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14-15 • SOLVE FOR Q :

Q=( 1.49 ) ARMS
"2

Coot

Q @ 6
'
:

n

Qa , =/ 1.49 ) ( 148sf) ( 3.0225%(0.000/5)
"2

0.04

= 141
. I 5- +%

o.o,
) ( 45s f) (2-196)%(0.000/5)

"2

Qj = ( 1.49

= 34.7
5- c-%

15-4 GIVEN :

A SHARP EDGED ORIFICE PLATE IS PLACED IN A 10
"

PIPE CARRYING

AMMONIA .

Sg ammonia = 0.83 n = 2.5.10
-
b '%t≥ 0=25 Sahin = 0.055] fᵗ%

REQUIRED:

CALCULATE THE DEFLECTION OF A WATER MANOMETER IF THE ORIFICE :

a) is 1
" b) is 7

"

SOLUTION :

• EQUATION FOR VELOCITY
,
PULLED FROM LECTURE :

K

•
: h= v2 (A)2- IV. =L zsh ( % - 1) Az ( l )

( A
C2 2g In -1

Az )
≥
- I

¥

• WHERE A
,
= A-

tube, Az = Aom,=ke , [
= ORIFICE COEFF , 2m = SW OF MAN

= SW OF WORKING FLUID
,
h = DISPLACEMENT IN NANOMETER

• FOR THE ABOVE EQUATION
,
ALL BUT h AND C ARE KNOWN OR

CAN BE CALCULATED W/ GIVEN INFO.

• C CAN BE FOUND USING THE DISCHARGE COEFFICIENT GRAPH FOUND ON

PAGE 403
,
FIGURE 15-7

.
IT REQUIRES A REYNOLDS NUMBER AND A RATIO

BIT THE PIPE AND THE ORIFICE, BOTH OF WHICH CAN BE CALCULATED
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15-4 C :

cost

Np= VD Q=AV
.
: ✓ = Q A=ñ( )

≥

v A

=/0.1022¥)(0.8333ft) V
,
= 4 Q = 4 ( 0.0557 fᵗ% ) = 0.1022¥

1.55.10-b ftYs IEDZ IT ( 0.833ft)2

= 5.49 ◦ 10
"

V = M sg= V p=
N

P Natter 5

d- = 0.08333ft

D 0.8333ft Hmm = Sgamn . gwen, =/0.83) (62.41%+3)=51.7921%-6

= 0.1 p= 51.7921%-3 = 1.608
s" "# es

32.2 Ftse

d > = 0.5833ft

D 0.8333ft V= 2.5 . 10-61%+2 = 1.5J . 10-6 fᵗ%
1. 608%0%+3

= 0.7

C
,
= 0.595 C

>
= 0.618 • FIGURE 15.7

• CALCULATE (1) FOR EACH ORIFICE SIZE ( I
"

AND >
")

- CALCULATE AREA FOR PIPE AND BOTH ORIFICE SIZES (A)
,
Ao

,
Ao>)

A
,
= # ( 0.8333ft)

? 0.545ft
≥

2

Ao
,

= IT /0.08333 = 0.00545ft
≥

Ao, = #(0.58335-+12=0.267
ft≥

2
2

2

(0.5455-+2)-1h
,

= (0.1022+45)
≥

0.00545 Fez = 22.4 ft
(0-595)

≥

•

2132.2£#2)(62.41%-12-1)51.7921%+2

( 0.545ft
≥
2

h
>
= ( 0.1022 +%)

≥

0-2675-+2 ) - \ = 0.00656 ft

(0.618 )
≥

•

2 (32.2%2) (62.41%+2-1)51.7921%+2
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15-15 GIVEN :

A PITTOT - STATIC TUBE IS INSERTED INTO A DUCT CARRYING AIR @

STANDARD ATMOSPHERIC PRESSURE AND A TEMERATUTCE OF 50°C .

A

DIFFERENTIAL MANOMETER READS 0.24
"
OF WATER .

0.24
"

(
0.0254m

)
= 0.0061m

1
"

REQUIRED:

FIND THE VELOCITY OF THE FLOW OF AIR .

SOLUTION :

FOR PITOT - STATIC TUBES USING A DIFFERENTIAL MANOMETER:

V
,
= Zgh (25-2)/2 •

2g = 2 OF GAVE FLUID
,
WATER HERE

•

✗
= ✗ OF WORKING FLUID

,
AIR IN THIS CASE

Ng = # = 9810 Mm } • Assominh MANOMETER IS @ Room TEMP (~/0°C )

✗= fair = 10.71 Tms • AT Given 50°C

V
,
= 2. (9.81%2) ( 0.006in) (9810%3-10.71%3)

(10.71%3)

= 10.467s


