Midterm Exam
10/20/2020

1. (15 pts): (1) 2 pts (2) 5 pts (3) 8 pts

(flw) =22 = —03u? + x*u— 0.5,u(1) = 3,h = 02
(1 4£1,3) =-0.3(3)2 + (1)%(3) — 0.5 = —0.2

(u(1.2) = u(1) + hf(1,u(1)) =3+ 0.2(-0.2) = 2.96

(u(1.1) = u(1) + (0.1)f(1,u(1)) = 3+ 0.1(-0.2) = 2.98

2 {f(1.1,u(1.1)) = —0.3(2.98)? + (1.1)?(2.98) — 0.5 = 0.4417
(u(1.2) = u(1) + ~f(1.1,u(1.1)) = 3 + 0.2(0.4417) = 3.0883

ky = f(Lu() = -0.2,k, = f(1.1,u(1.1)) = 0.4417
3) ks = f(l.l,u(l) +§k2(0.2)) = £(1.1,3.0442) = 0.4034 ; — {
ky = f(1.2,u(1) + k3(0.2)) = £(1.2,3.0807) = 1.0890

b = %(kl + 2k, + 2k3 + k,) = 0.4298
u(1.2) = u(1) + h¢p = 3.0860

2.
1 X =02
¥=0 —25 3
e e
o f f 'x'...f+ L
(1) (2+2+2+4 pts)
d*u ~ Ujpr — 2U; + ui—ﬂ (Wit1 — Zui2+ Ui-1  Uipg ~ U +2u=0
dx? (Ax)? N (Ax) 2(Ax)
du | Uis1~ Uiy (L+L>u +(2—L>u +(L—i)u =0
dx — 2(A0) @02 " 2(a0)) @02 T \an? 280/ T
32.5uy —48uy +17.5u, = 0 —48 175 0 0 1,/ 0
32.5u; —48u; +175u3 =0( 1325 —48 175 0 [Ju2( _ 0
32.5u; —48usz +17.5u, =0 0 325 —48 17.5]|)us( 0
32.5u; —48u, + 17.5u; =0 0 0 32.5 —481\uy —-17.5(1—¢)
assumeuxe®™ - a2 —-3a+2=0->a=1,2 > u=Ae* + Be?*
u(0)=0->4+B=0 } {A= -1
2) (3+2 pt
(2) 3+2pts) u(1)=1—e—>Ae+BeZ=1—e_) =—e?!
U= eleX _ p—1p2X — px+1 _ p2x-1
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3. (1) (5 pts)

(Wij+1 = Wij  Wivrj — 2Uj 5+ Uj_qj
du  Uijs1— U At B (Ax)?
dt At 2(At) 4(At) 2(At)
d’u Uy —2up U Yt = [ ( - W) uj + (ax)2 Hitti
dx? "~ (Ax)? 2(Ab) 4(At) 2(Ab)
B N (Y R VYIE

(2) Ax =05 At=0.1- ul-'j+1 = 0.8ui_1'j - 0.6ul‘,}' + 0.8ui+17j (2 ptS)
j =0: u5,0 = 1,'Ll.l"0 =0

{u4_1 = O.8u3,0 - O.6u4,0 + 0.81,1.5’0 =0.8
j=1:

Us1 = O.8u4,0 - 0.6u5‘() + 0.8u6,0 =—-0.6 (3 ptS)
Ug1 = O.SU5,0 - O.6u6,0 + 0.8u7,0 = 0.8

(ug’z = 0.8u2,1 - 0.6u3'1 + 0.8U4_1 = 08(08) = 0.64

Ugp = O.8u3,1 - 0.611.4‘1 + 0.8u5,1 = —06(08) + 08(—064) =—-0.96

j=2: {usy = 0.8us; — 0.6us ; + 0.8, = 0.8(0.8) — 0.6(—0.64) + 0.8(0.8) = 1.64 (5 pts)
U2 = O.8u5,1 - 0.611.6‘1 + 0.8u7,1 = 08(—064) - 06(08) =-0.96
ku7’2 = 0.8”611 - 0.6u7'1 + 0.81.1,8'1 = 08(08) = 0.64

4. (10 pts)
0) = GEOH®) 0%u u =0 dG dH CH 1dG 2H
= = — = - —_— = - —_—_—= =
way xRy dxdy “ dx dy Gdx dH ¢
dy

1
—dG =cdx = InG=cx+cy = G=crexp(cx)

2
(1; 2 2 2 - uxy) = Cexp(cx+—y)
ﬁdH=EdJ’—>lnH=EJ’+Cz—>H=63exp<z}’> ¢

5.
(1) (2 pts * 3 +1)
(DCommon arithmetic operations (Addition, subtraction, multiplication, division), @Large computations, 3

Adding a large and a small number, @Subtractive cancellation, (5)Smearing, ®Inner products
(2) (4 pts each)
* Explicit scheme: compute values at each node for a future time based on the present value at the node and its

neighbors (approximate the spatial derivative at time level 1, conditionally stable, faster than implicit)
* Implicit scheme: approximate the spatial derivative at an advanced time level 1+1, unconditionally stable, solve

system equations at every time step
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6.
(1) GR,, = Zpt+Zs _80+40
Z 40

Jvehicle = mbodth?re =1500x 032 =135 kg[fn2s (1 pt)

oy = (S XGR® 47,0, )X GRE+J e =(02%32 +0.1)x 4” +135=165.4kg'm® (2 pts)
@) T,,=(T,,*xGR,, +T, )xGR, =(50x3+80)x4 =920 Nm (2 pts)
36

eng
v=36 km/h=§=10rn/s,(1 pt) F

=3 (2 pts)

res

1
= 5 C'dflfrontpairv2 + /'lrollmbodyg = 183 N (2 ptS)
r,—-F. R 920-183x0.3

whi res” “tire

a,, = = =523 radls’, .. a, =a
J 165.4

eq

R

itre

=1.57m/s> (3 pts)

whi

- LGR = £x4 =133.33 rad/s (1 pt)

tire

(3) v=36 km/h=10m/s, o

mot

T o  =80x133.33=10,667W (1 pt)

mot =~ mot

I/bat = VOCV _Rin]bat = 350_0'1]bat 2 nmotorl/;)atlbat = Tmota)mot - 0'09Ilfat _315]bat +10667 = 0
solve » [, =342 A (3 pts)
. soc=s0C, -0 5090 342%300=29.5% (2 pis)
c 0 50,000

nom >

4 o, = —~x GR;,, xGR,. = %x 3x4 =400 rad/s (1 pts)
tire .
At T, =50 Nm, o, = 40022~ 3820RPM — BSFC =320 g/kWh (2 pts)
T

320g><50><400x lh N 1L
kWh 1000 3600s 860g

Fuel consumption: J-Osmm 0.00207L/s dt =0.62L (1 pts)

E_lOrn/s><300s>< 1m
0.62L 1000 km
km 3.785 PG

(5) lkm/L=————=2352MPG .. FE= 4.84km/L><2.35M— =11.4MPG (2 pts)
1.609 L km/L

=0.00207L/s (2 pts)

Fuel rate:

=4.84km/L (2 pts)
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