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Joel Thomas, UIN 01239865 MET 330 11/06/2024 

Homework 3.1 

10.37 

Problem:  A simple heat exchanger is made by installing a close return bend on two 

½-in Schedule 40 steel pipes as shown. Compute the pressure difference 

between the inlet and the outlet for a flow rate of 12.5 gal/min of ethylene 

glycol at 77°F. 

 

 

Solution: Since fluid is moving, we will use Bernoulli’s equation and assign points where 

information is known.  

 

Our equation: ℎ! +
"!
#
+ $!"

%&
+ 𝑧' =

""
#
+ $""

%&
+ 𝑧% + ℎ( + ℎ). There is no pump or turbine, 

and given the flow rate and constant pipe size, the inlet/outlet velocity is the same. Also, 

the vertical height between points 1 and 2 is negligible. Therefore: 	𝑃' − 𝑃% = ℎ) ∗ 𝛾	

where ℎ) = ℎ*+*, + ℎ-,./ ,					ℎ*+*, = 𝑓 ∗ )
0
∗ 1"

%&
,					𝑎𝑛𝑑					ℎ-,./ = 𝐾 1"

%&
.  
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From figure 10.23 (f, close return bend), 𝐾 = 50𝑓2 

Table B.2:  𝜌34@66℉ = 2.13 89:&8
;2#

,			𝜂34 = 3.38 ∗ 10<=𝑙𝑏 − 8
;2"

,					𝛾 = 68.47 9-
;2#

 

Table F.1: '
%
	𝑆𝐶𝐻40	𝑠𝑡𝑒𝑒𝑙	𝑝𝑖𝑝𝑒: 𝐴 = 0.00211	𝑓𝑡%,					𝐷 = 0.0518𝑓𝑡  

Now 𝑣 = !
"
→

#$.& !"#$%&.∗
()*
+

,,- !"#$%&.
(.(($##)*.

= 13.19 )*
+

.  

Reynolds number: 𝑅𝑒 =
%.'?$%&'$

()#
∗'?.'A()$ ∗B.BC'D	;2

?.?D∗'B*+9-< $
()"

= 4,307, this is >4,000 which is turbulent.  

From table 10.5: 𝑓2 = 0.026 → 𝐾 = 50 ∗ 0.026 = 1.3 → ℎ-,./ = 1.3 ∗
F'?.'A()$ G

"

%∗?%.%()
$"
= 3.51𝑓𝑡 

Calculating in Excel: 𝑓 = 0.043 → ℎ*+*, = 0.043 ∗ %∗=;2
B.BC'D;2

∗
F'?.'A()$ G

"

%∗?%.%()
$"
= 17.94𝑓𝑡 

Finally: ∆𝑃 = (17.94𝑓𝑡 + 3.51𝑓𝑡) ∗ 68.47 9-
;2#

∗ O ';2
'%+.

P
%
= 𝟏𝟎. 𝟐𝒑𝒔𝒊 
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10.38 

Problem:  A proposed alternate form for the heat exchanger described in Problem 

10.37 is shown. The entire flow conduit is a ¾-in steel tube with a wall 

thickness of 0.065 in. Note that the ID for this tube is 0.620 in, slightly 

smaller than that of the ½-in Schedule 40 pipe (D=0.622in). The return 

bend is formed by two 90° bends with a short length of straight tube 

between them. Compute the pressure difference between the inlet and the 

outlet of this design and compare it with the system from Problem 10.37. 

 

Solution: Since fluid is moving, Bernoulli’s equation will be use, and reference points 

given: 

 

Our equation is now: &' − &% = (I,∗#)
K!

. From problem 10.37:  
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ℎ) = ℎ*+*, + ℎ-,./ ,					ℎ*+*, = + ∗ WH ∗
X%
2Y ,					,-.					ℎ-,./ = / X

%

2Y,	 

234@66℉ = 2.13 A9ZYA+B? ,			734 = 3.38 ∗ 10<=9: − A
+B% ,					) = 68.47 9:

+B? 

From figure 10.23, / = 20+L 

H = 0.620E- ∗ 1+B12E- = 0.05167+B,					G = [ ∗ 0.05167
%

4 = 0.00209+B% 

Re-calculating V, Re:  ! = !
" →

#$.& !"#$%&.∗
()*
+

,,- !"#$%&.
(.(($(,)*. = 13.279 )*+   

IC =
2.13 A9ZYA+B? ∗ 13.19 +BA ∗ 0.05167	+B

3.38 ∗ 10<=9: − A
+B%

= 4,323 

Table 10.5: 

 +2 = 0.026 → / = 20 ∗ 0.026 = 0.52 → ℎ-,./ = 2 ∗ \0.52 ∗ F'?.%6A
()
$ G

"

%∗?%.%()$"
] = 2.847+B 

Calculating in Excel: + = 0.0428 → ℎ*+*, = 0.0428 ∗ (%∗=;2)M
-./
!"

B.BC'N6;2
∗ F'?.%6A

()
$ G

"

%∗?%.%()$"
= 18.181+B 

∆& = ^17.94+B + 3.51+B + 6E- + (2 ∗ 3.5E-) − 0.75E-12E- _ ∗ 68.47 9:
+B? ∗ `

1+B
12E-a

%

= b. cQdTUV	

Pressure difference: 

 
#(.#,(-+./,.&#0-+.

,.&#0-+. ∗ 100 = ,. -%	0122	34122541	6473	89	:;82	<79=8>54?:879 
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NICK DUNHAM 

10.43 The inlet and the outlet shown in Fig. PI0,43(a) are to be 
connected with a 50 mm OD x 2.0 mm wall copper tube 
to carry 750 L/min of propyl alcohol at 25°C. Evaluate 
the two schemes shown in parts (b) and (c) of the figure 
with regard to the energy loss. Include the losses due to 
both the bend and the friction in the straight tube. 

r750 mm 

(b) Proposal 

ase hu f 
from Fg 

Le 

froposa/ 7 - no 

50-mm OD % 
2.0-mm wall 
copper uhe 

46mm 

Do,oH6m 

24 

600 mm 

Flos 

(c) Proposal 2 

29 

with 

Profosal2-2x 0.6m stralghf 
5oma 3.24 

based o 

straig hts 

600 mm 

D= 46mm z0,o4bm 

|Y 7.87kN3 
)=2.34 k/o-4 m%}Tble B/ 

.ts23) 2-7.8/%2 

125 (Fig. lo 26)e 12.5-6,0s =0.5S75m 

-6 

min 

tLB 2.5+ 2.09= 33,54 

52 

m 

7.52 m/s oo46m 
|R .3xlo ms 

2 

Go46m)Fo,00166Z 
Ims 

{=o.ol6 8 (by Swamee-Jain) 

Tuble 82 

o,6125n s,5Z15s 
G,o0ILLZ,7 

2.08 m 

Zle =jLe tlg=0.575m t Z-o. 6ry 775m 

using summed lengths 

h= 

7776 2l-775r385t 

Note: total cquiakat behgth greateo forproposala 

fo,0l:838.54.2 =l.87"n 



Totel 

epuralent 
leng 
th 

HSD-Rt 

CyuivaItIL 

IEIlgui 

tauO 

L/LD 

48 

44 

40 

36 

32 

28 

24 

20 

16 

12 

8 

4 

2Le =Z LË tLe = 2 ((50-A) +be 

(Conseleoring ob ra tler than 10 for simplcity) 

K=f,D) for pipe bend 

2 2, 4 +24 6 8+2 10 12 

Relative radius r/D 
14 

t2(1$5)’=3o-5 

16 18 20 
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NICK DUNHAM 

10.48 Compute the energy loss in a 90° bend in a steel tube used 
for a fluid power system. The tube has a l4-in OD and a 

wall thickness of 0.083 in. The mean bend radius is 3.25 in. 
The (low rale of hydraulic oil is 27.5 gal/min. 

R 

325in 

R= 

A354me medi 

rD 

Re 

b=/25in2 ,o83 in 
12in/f 

|A=D= Z6o3f= 6,00 44/ 31)= 

64-o.o535 (Ey. 8-5) 
1200 

f76.0ll 

4. 557f%o.0403f 
7.2/xro-f% 

Ez S.o xoff (Table &.z) 
O.903ft 

3.0 Ll2.5 (f 19.28) 

=0.06/2sf 

Laninar ralui of f is wese scenarp 

hu=fe =o,o535. /2.5.557s 

0.09o3 ft 

2"32.2 eo.95 Ctill 

Lamins 
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Homework 3.1 

11.13  

Problem:  A device designed to allow cleaning of walls and windows on the second 

floor of homes is similar to the system shown. Determine the velocity of 

flow from the nozzle if the pressure at the bottom is (a) 20 psig and (b) 80 

psig. The nozzle has a loss coefficient K of 0.15 based on the outlet 

velocity head. The tube is smooth drawn aluminum and has an ID of 0.50 

in. The 90° bend has a radius of 6.0 in. The total length of straight tube is 

20.0 ft. The fluid is water at 100°F. 
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Solution: Since fluid is moving, Bernoulli’s equation will be used and a reference line 

drawn and points labeled:  

 

From Bernoulli’s equation, there is no pump or turbine, Z1 is at the level of the 

reference, and P2 is zero (vented to the atmosphere), therefore:  

 !!
"
+ #!"

$%
= #""

$%
+ 𝑧$ + ℎ&. Re-arranging for known values: !!

"
− 𝑧$ =

#""'#!"

$%
+ ℎ& (1). 

Because there is a nozzle, the velocity increases in the system. The energy losses are 

made up of: ℎ()(* = 𝑓 ∗ +
,
∗ -!"

$%
,					ℎ.*/0 = 𝑓 ∗ &*

,
∗ -!"

$%
,					ℎ/122*+ = 𝑘 ∗ -!"

$%
 (2). Velocity is a 
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function of flow rate, therefore: 𝑉 = 3
4
,					𝐴 = 𝜋 ∗ ,

"

5
	→ 𝑉6 =

3!

7∗#.%
"

&

, 𝑉$ =
3"

7∗#."%
"

&

. It can now 

be said: 𝑉$ = 4𝑉6 (3) 

Integrating all equations:  

𝐿!
𝐷
=
𝑟
𝐷
(𝑐ℎ𝑎𝑟𝑡) →

6𝑖𝑛
0.5𝑖𝑛

= 12, 𝑓𝑟𝑜𝑚	𝑓𝑖𝑔𝑢𝑟𝑒	10.28:
𝐿!
𝐷
= 34 

𝑃6
𝛾 − 𝑧$ =

𝑉$$ − (0.25𝑣$)$

2𝑔 + :𝑓 ∗
20𝑓𝑡
0.5𝑖𝑛
12

∗
(0.25𝑣$)$

2𝑔 ? + @𝑓 ∗ 34 ∗
(0.25𝑣$)$

2𝑔 B + 0.5@
𝑣$$

2𝑔B 

𝑓 =
0.25

logC 1
3.7 ∗ F𝐷𝜖H

+ 5.74𝑁"#.%
K

& 

Given:  

𝑙 = 20𝑓𝑡, 𝐷 = 0.5𝑖𝑛,					𝐾/122*+ = 0.5,					𝑧$ = 18𝑓𝑡,					𝑇 = 100℉ 

From the book: 	

𝛾9:;*<@6>> =
62𝑙𝑏
𝑓𝑡? ,					𝜌 =

1.93𝑠𝑙𝑢𝑔𝑠
𝑓𝑡? ,					𝜇 = 1.42 ∗ 10'@𝑙𝑏 −

𝑠
𝑓𝑡$ 					

(𝑡𝑎𝑏𝑙𝑒	𝐴. 2)	

𝜀 = 5.0 ∗ 10'A𝑓𝑡						(𝑡𝑎𝑏𝑙𝑒	8.2) 

 

Calculating in Excel: 

Pressure V2 (ft/s) LHS RHS % diff 
20PSI 32.5 28.452 28.905 1.60% 
80PSI 81.0 167.806 168.853 0.62% 

 



NICK DUNHAM 

11.15 Water at 40°C is flowing from A lo B through the system 
shown in Fig. PI.I5. Determine the volume flow rate 
of water it the vertical distance between the surfaces of 
the (wo reservoirs is 10 m. The elbows are standard. 

E2 x /om 

A-s 

h 

h 
enlag 

hËc Kelbnn 

ahe 

h. ent 

h 

pipe Win 

Pipe bin 

Hin Dyn 24 

Hin 

lomz h= 
AB 

bin 

Table 8.z 

4 

elbow tin enagts elbow bin 

o.7B 

24 

2 

Hin Din 

30-fr ag 

30 f. 

24 

Kelag depends 
2.6<Kelate <3.2 Eig /o.3 

4in 

Q s0.327 "3h lo.otm 

kenlaug 

ow 

6-in coated 

ductile iron pipe 
Toal length 30 m 

+ he 
Vale 

4 in coated 

ductile iron pipe 
Total length 55 m 

FIGURE P11.15 Water flow from reservoir for Problem I1.15. 

Sudden enlargement 

Butterfly vaive 
fully open 

+he 
Gntrance 

Lsin 

+h 

Auin O. o88/ 
Pein o, 1593m 

10 m 

Tble I./ 

2 

from a uesses caleulate h based on f’ierate 

Auno. ol943m7 



NICK DUNHAM 

11.22 The tank shown in lig. PL22 is to be draincd to a sewer. 

Globe valve 

fully opcn 

Delermine the size of new Schedule 40 stccl pipe that will 
carry at lcast 400 gal/min of water at through the system 
shown. The total length of pipe is 75 f. 

Standard elbow 

FIGURE P11.22 Sewer drain for Problem 11.22. 

Losses 
Glote valve 
Elhow 

h 

hf 
palte 

29 

h 
24 

= kelaow 

Exit Kext 

12 ft 

Pipe 

A-B 

halre 

LAS 

Ref 

elbow 

3,colu ate h for each si|e. 

ÅHS 

E= 15ox/o-f (able 8.2) 

Assume to'F 

Y=62.4 le,3 

1. List eipe diameters for standord sizes 
2 Calenlae ; , Re,ffr for each size 

o.81/ 

Kexit /,0 

Ketow 30 fr -Fig. lo, 23 

-/2 ft 

Table d.z 

4 getoyproprial e size; 5"NPS : h, = f66 ft; 4"NPS is tos Smallhu= l8.25 
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NICK DUNHAM 

13.34 For cach of the following sets of operating conditions, list 
at lenst one appropriate type of pump. See Fig. 13.52. 

A.) 500 gal/min of water at 80 f of total head 
)s00 gal/min of water at 800 f of head 
C. 500 gal/min of a viscous adhesive at 80 ft of head 
d. 80 gal/min of water at 8000 ft of head 
e. 80 gal/min of water at 800ft of head 
f. 8000 gal/min of water at 200 ft of head 
R 8000 gal/min of water at 60 ft of head 

h.)8000 gal/min of water at 12 ft of head 

a, Centifugal ,35o RPM 

L.Rotar 
Total head (f) 

2.3 
100 000 

10 000 

1000 

100 

12 

0 

23 

Reciprocating 

Rotary 

High-specd 
centrifugal 

J00 

Flow (m?Ih) 

Mulisage < 

FIGURE 13.52 Pump selection chart. 

centrifugal 

Centrifugal -3500 rpm 

230 

Xa 

1000 

Aow (gal/min) 

2300 

Mixed flow 

10 000 

Centrifugal 
1750 rpm 

23 000 

Axial flow 

30 000 

3000 

300 

30 

I00 o00 

Total head (m) 
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Homework 3.4 

13.39 

Problem:  Compute the specific speed for a pump operating at 1750 rpm delivering  

12,000 gal/min of water at a total head of 300 ft. 

Solution:  Specific speed is given by the equation 𝑁!! =
"#$

%
!
"	

, therefore,  

𝑁'' =
1,750𝑟𝑝𝑚 ∗ ,12,000 𝑔𝑎𝑙𝑚𝑖𝑛

300𝑓𝑡 = 𝟐, 𝟔𝟓𝟗	𝑹𝑷𝑴 

13.59 

Problem:  Determine the NPSH available when a pump draws gasoline 

at 110°F (sg=0.65) from an outside storage tank whose level is 4.8 ft 

above the pump inlet. The energy losses in the suction line total 0.87 ft 

and the atmospheric pressure is 14.28 psia. 

Solution:  Since the pump is below the storage tank, 𝑁𝑃𝑆𝐻( = ℎ!) + ℎ! − ℎ* − ℎ+) 

Where: ℎ!) =
,#$
-
→

./.12 %&
'()

∗4*)'(*+, 5
)

6.78∗-)."%&
+,!

= 50.698𝑓𝑡, 					ℎ! = 4.8𝑓𝑡,					ℎ* = 0.87𝑓𝑡	𝑎𝑛𝑑	

ℎ+) ≅ 52𝑓𝑡	(𝑔𝑎𝑠𝑜𝑙𝑖𝑛𝑒	@110℉, 𝑡𝑎𝑏𝑙𝑒	13.37). Therefore: 𝑁𝑃𝑆𝐻( = 50.698𝑓𝑡 + 4.8𝑓𝑡 −

0.87𝑓𝑡 − 52𝑓𝑡 = 𝟐. 𝟔𝟐𝟖𝒇𝒕 

13.61 

Problem:  Repeat Problem 13.59 if the pump is 27 in above the fluid surface. 

Solution:  Since the pump is above the fluid surface, the only difference is that ℎ! 

becomes ℎ! = −27𝑖𝑛. Thus: 𝑁𝑃𝑆𝐻( = 50.698𝑓𝑡 − W19:;
.1:;

X − 0.87𝑓𝑡 − 52𝑓𝑡 = −𝟒. 𝟒𝟐𝟐𝒇𝒕. 

Since this value is negative. This pump is extremely susceptible to cavitation.  
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NICK DUNHAM 

13.34 For cach of the following sets of operating conditions, list 
at lenst one appropriate type of pump. See Fig. 13.52. 

A.) 500 gal/min of water at 80 f of total head 
)s00 gal/min of water at 800 f of head 
C. 500 gal/min of a viscous adhesive at 80 ft of head 
d. 80 gal/min of water at 8000 ft of head 
e. 80 gal/min of water at 800ft of head 
f. 8000 gal/min of water at 200 ft of head 
R 8000 gal/min of water at 60 ft of head 

h.)8000 gal/min of water at 12 ft of head 

a, Centifugal ,35o RPM 

L.Rotar 
Total head (f) 

2.3 
100 000 

10 000 

1000 

100 

12 

0 

23 

Reciprocating 

Rotary 

High-specd 
centrifugal 

J00 

Flow (m?Ih) 

Mulisage < 

FIGURE 13.52 Pump selection chart. 

centrifugal 

Centrifugal -3500 rpm 

230 

Xa 

1000 

Aow (gal/min) 

2300 

Mixed flow 

10 000 

Centrifugal 
1750 rpm 

23 000 

Axial flow 

30 000 

3000 

300 

30 

I00 o00 

Total head (m) 
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13.39 

Problem:  Compute the specific speed for a pump operating at 1750 rpm delivering  

12,000 gal/min of water at a total head of 300 ft. 

Solution:  Specific speed is given by the equation 𝑁!! =
"#$

%
!
"	

, therefore,  

𝑁'' =
1,750𝑟𝑝𝑚 ∗ ,12,000 𝑔𝑎𝑙𝑚𝑖𝑛

300𝑓𝑡 = 𝟐, 𝟔𝟓𝟗	𝑹𝑷𝑴 

13.59 

Problem:  Determine the NPSH available when a pump draws gasoline 

at 110°F (sg=0.65) from an outside storage tank whose level is 4.8 ft 

above the pump inlet. The energy losses in the suction line total 0.87 ft 

and the atmospheric pressure is 14.28 psia. 

Solution:  Since the pump is below the storage tank, 𝑁𝑃𝑆𝐻( = ℎ!) + ℎ! − ℎ* − ℎ+) 

Where: ℎ!) =
,#$
-
→

./.12 %&
'()

∗4*)'(*+, 5
)

6.78∗-)."%&
+,!

= 50.698𝑓𝑡, 					ℎ! = 4.8𝑓𝑡,					ℎ* = 0.87𝑓𝑡	𝑎𝑛𝑑	

ℎ+) ≅ 52𝑓𝑡	(𝑔𝑎𝑠𝑜𝑙𝑖𝑛𝑒	@110℉, 𝑡𝑎𝑏𝑙𝑒	13.37). Therefore: 𝑁𝑃𝑆𝐻( = 50.698𝑓𝑡 + 4.8𝑓𝑡 −

0.87𝑓𝑡 − 52𝑓𝑡 = 𝟐. 𝟔𝟐𝟖𝒇𝒕 

13.61 

Problem:  Repeat Problem 13.59 if the pump is 27 in above the fluid surface. 

Solution:  Since the pump is above the fluid surface, the only difference is that ℎ! 

becomes ℎ! = −27𝑖𝑛. Thus: 𝑁𝑃𝑆𝐻( = 50.698𝑓𝑡 − W19:;
.1:;

X − 0.87𝑓𝑡 − 52𝑓𝑡 = −𝟒. 𝟒𝟐𝟐𝒇𝒕. 

Since this value is negative. This pump is extremely susceptible to cavitation.  
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