Pressure drop (bar)

PROBLEM 8.4
KNOWN: Number, diameter and length of tubes and flow rate for an engine oil cooler.

FIND: Pressure drop and pump power (a) for flow rate of 24 kg/s and (b) as a function of flow rate for
the range 10 < m < 30 kg/s.

SCHEMATIC:

D=10mm m = 24 kg/s

I: .ﬂ N = 25 tubes

rh1 = rh/N _/>|
Tm =300K e L=25m
ASSUMPTIONS: (1) Fully developed flow throughout the tubes.

PROPERTIES: Table A.5, Engine oil (300 K): p =884 kg/m®, pu = 0.486 kg/s-m.

ANALYSIS: (a) Considering flow through a single tube, find
i 4(24kg/s
Rep = —m__ (24kg/s) _ 2515 )
7Dyu 257(0.010m)0.486kg/s-m

Hence, the flow is laminar and from Equation 8.19,

_ % _ B4 omus. )
Rep 2515

With

oo M (24125)kg/s(4) 138 ms )

p(ﬁD2/4) (884 kg/m3);z(o.01o m)?
Equation 8.22a yields

2 (884 kg/mg)(13.8 m/s)?
Ap =f—M | =0.2545
2D 2(0.010m)

The pump power requirement from Equation 8.22b,
2 24kg/s

884 kg/m3

(b) Using IHT with the expressions of part (a), the pressure drop and pump power requirement as a
function of flow rate, m , for the range 10 < m < 30 kg/s are computed and plotted below.

25m =538x10° N/m2 — 53.8 bar @<

P=ap-V=Ap- =538x10° N/m = 1.459 x 10° N-m/s = 146 kW. 6)<
Yo,

70 250
60 200
g
=3
50 5 150
2
=]
[=8
2
40 = 100
£
=
o
30 50
20 0
10 20 30 10 20
Flow rate (kg/s) Flow rate (kg/s)

Continued

30



PROBLEM 8.4 (Cont.)

In the plot above, note that the pressure drop is linear with the flow rate since, from Eq. (2), the friction
factor is inversely dependent upon mean velocity. The pump power, however, is quadratic with the flow
rate.

COMMENTS: (1) If there is a hydrodynamic entry region, the average friction factor for the entire tube
length would exceed the fully developed value, thereby increasing Ap and P.

(2) The IHT Workspace used to generate the graphical results follows.

/* Results: base case, part (a)

P_kw ReD deltap_bar f mu rho um D N
mdot

145.9 2515 53.75 0.2545 0.486 884.1 13.83 0.01 25
24 */

/l Reynolds number and friction factor

ReD =4 * mdotl / (pi * D * mu) /I Reynolds number, Eq (1)

f=64/ReD /I Friction factor, laminar flow, Eg. 8.19, Eq. (2)

/I Average velocity and flow rate

mdotl = rho * Ac * um /I Flow rate, kg/s; single tube

mdot = mdotl * N /I Total flow rate, kg/s; N tubes

Ac=pi*D"2/4 /I Tube cross-sectional area, m"2

/I Pressure drop and power
deltap =f*rho*um”~2*L/(2*D) // Pressure drop, N/m"2

deltap_bar = deltap * 1e-5 /I Pressure drop, bar
P = deltap * mdot / rho /I Power, W

P_kw =P /1000 /I Power, kW

/[ Input variables

D=0.01 /I Diameter, m

mdot = 24 /I Total flow rate, kg/s

L=25 // Tube length, m

N =25 /I Number of tubes

Tm =300 /I Mean temperature of oil, K

/l Engine Oil property functions : From Table A.5
rho = rho_T("Engine Oil",Tm) /I Density, kg/m”"3
mu = mu_T("Engine Oil",Tm) I Viscosity, N-s/m"2



