3.044: Test 2 Practice Problems (Concepts & Calculations)
April 14-15, 2005

1. Calculate pressure gradient needed for laminar-turbulent transition, (adapteB$ioB6A.1)
Fluid propertiesviscosity 10-3Ns/nt density 1,320 kg/rh

(a) Flow through a horizontalibe with diameter d=1.05 in.

(b) Flow through parallel plates with plate separation distance H=0.25 m

(a) Re= pUgd/pu= 2100 (Tube flow laminar criterion)
Uav = 21000 3)/(1320+ 1.05% 2.54x 1072)=0.06 m/s

Tube flow average velocity
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(b) Re= pUayH /1= 1000 (Parallel plates Iminar criterion)
Uav = 1000(L0~3) /(1320% 1.05% 2.54% 1072) = .003m/s
Parallel platdJ,y

_ APH? AP _ 3ulay 4N
UaV*TpL*}Ti (L:')z —145X 10_ W

2. FromPSET4 No. 4, drawthe shearstresdistributionin the two fluid layers. If you don’t know how to
draw it qualitatively, you may proceed by doing calculation using the velocity profile given in the solution.

Using just one reference coordinage=0 at the plane

Shear at the top surface of glass layer is zero

At the interface, shear stress is negati@&ecause dyydy is positve).

At the bottom surface, shear stress is negative.

The slope of shear stress with respect to z is smaller in glass compared totthat in



3. Estimate the entrance length for a laminar flow through a t(dmapt from BSL 4A.7)

(a) Giventhatyou knowtheUnax Thetubediametelis D. (Hint: approxthe entrancdengthof flow in atube
using the same equation #mat of flow over a flat plate).

(b) Rewrtie (a) in terms ofRey, D)

(a) Estimated boundary layer thickness= 5.0, /%, Uav = (1/2)Umax
Entrance length is reach&hen & approaches the radius length.
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(b) Re= pUayD/p = pUmaxD/ 214
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(sameasthatfor flow througha parallelplate we derivedin classexceptthe characteristidengthis the
diameter.)

4. Two filter bedsof Al,Osspheresare usedto removedrossyoxidesfrom the aluminummelt. The first
shorterlenghtbedontheleft (A) wheretheflow entershasbiggerparticlesizethanthelongerlengthbedon the

right (B) where the flow exitsGiven that ¢a = wg, La =0.7 Lg, and ¢y = 2ds. (adapted from P&G 3.13)
(a) Find the ratio of pressure drop through A to the pressure drop through B

(b) If thelayoutis in theverticaldirection(i.e., A onthetop andB onthebottom),write anexpressiorof the
pressure drop through each filter bed.

(a) Two packed bed in serieaitomatically set the flow rate to be equal.
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(b) If they are in vertical direction, the only change/id” = AP+ pgL

APy = K(fiﬁﬁg (36)(1— wa)? — pgla
£Ps = 255 (4)(36) (L - we)? — B

** |f the beds are in parallel, to get the same flow rate the permeability of A and B have to be #qual.



5. Aluminum oxide is solidified in a water cooled molybdynummolde to form continuousfibers with a
diameter200 umEstimatethe lengthof the mold requiredto completelysolidify the aluminumoxide asit exits
from the mold, as a functioof the fiber velocity.(P&G 10.11)

Mo : h=4000W
Al2O3: k=1IW/m—-K, C, =1230Jkg—K, p= 3016kg/rﬁ, Tv = 2327K Hf = 1.07 x 106J/kg

First, we should calculatBi number to see what is the heat transfer limitting case.
Bi = hD/k= (4000)@00x 10°%)/11=0.07
It is seen that Bi<0.1Thus heat transfer is limited by convection.

For solidification, the energyalance equation is
h(Tm —Ts) = PCpHt Uinterface

In this problem, interface moves in r-direction while the fiber is being pulled in x-direction.
h(Tm—Ts) = pCpHs %
r = h(Tm—Ts)
pCpHj+
If wewantthefiberto becompletelysolidifiedattheexit, it meanghatr approachethefiberraduisatx = L.

We can substitute= U—LX and solve for L
D _ h(Tm—Ts)L

2 7 pCpHtuy
L — DpCpH U
— h(Tm=Ty)



