Midterm Exam
10/24/2023

1.

dy, dy,
—=-0.5y,,—==4-03y,-0.1
dx < dx 2 ‘<

yl( ) 4, yz( ) 6, Ax=0.5
(1 Eulers explicit method (5 pts)

(0.5)=4+[-0.5(4)](0.5)=3

,(0.5)=6+[4-0.3(6)-0.1(4)](0.5)=6.9

2 4-th order Runge-Kutta (%, , 471,y 4 3pts
H }

ki, :f1(0a4,6)=—0.5(4):—2—)yl +k1,1g:4+(—2)0—;=3.5

ki, = £,(0,4,6)=4-0.3(6)-0.1(4)=1.8 > y, +k1,2§=6+(1.8)%=6.45

ky, = 1,(0.25,3.5,6.45)=-1.75 —> y, +k,, g = 4+(—1.75)% =3.5625

ky, = £,(0.25,3.5,6.45)=1.715 - y, +k2’zg:6 +(1. 715)025 = 6.42875

ky, = /,(0.25,3.5625,6.42875) = —1.78125 > y, + ky,h = 4+(—1.78125)(0.5) =3.109375
, = 1,(0.25,3.5625,6.42875) =1.715125 — y, + k;y ,h =6 +(1.715125)(0.5) = 6.857563
k,, = /,(0.5,3.109375,6.857563) = —1.554688

k,, = 1,(0.5,3.109375,6.857563) =1.631794

uw??‘

7 =1(0) +%(ku + 2k, + 2k, +k,, ) Ax =4+ é[—2+ 2(~1.75-1.78125)~1.554688 ](0.5) =3.115234

¥y, =¥, (0)+é(km + 2k, +2ky, + k) Ax = 6+%[1.8+2(1.715+1.715125)+1.631794](0.5) = 6.857670
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2.
d’u 1 u(0)=0ey= 1 1

(1) Wzl—)uzg)c%rcl)h%2 u(l()oz)oic]:_l(/)z >=5x2——x (3 pts)
(2)

2

d L; ~ Yin _2”1':'%4 qu;c;(l)j:O >”i+1 _2”1'2""“;'71 —1fori=1,2,3,4

dx (Ax) (Ax)

2

i=11 u, = 2u, +u, =(Ax) 2 1 0 07(u) (004

=21 U —2u, +u, = (Ax) IR R PA R X (5 pt)
i=3:u2—2u3+u4:(Ax)2 0 1 =2 1| u ~|0.04 -
imar w2 v (| L0001 2llw) loos

(3) 5 pts + 2 pts (graph)

—2u, +u, =0.04 - u, =0.04 + 2u,

u, —2u, +uy; =0.04 > u; =0.04+2u, —u, = 3(0.04)+3u1
u, —2uy +u, =0.04 >u, =0.04+2u, —u, = 6(0.04)+4u1
uy, —2u, =0.04 > Su, = _1()(()_04)

u, -2

u, -3
= 0.04
1= (00)

0 01 02 03 04 05 06 0OF 0B D08 1
u, -2

(4) Dt MU g5y o
dx Ax Ax

. 2

i=1:u,—0.5(Ax)—2u, +u, =(Ax) 1 0 0](x 0.14

i=2: u,—2u, +uy = (Ax)’ 1 =2 1 0 ||lu| |0.04

2 - = (5p‘[s)

i=31 uy,—2uy +u, =(Ax) 0 1 2 1|y 0.04

i=4: uy—2u, +u, =(Ax) 0 0 1 -2flu] [-1.96
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3.
l;fi‘)ﬂ(?c"l):z o
e 473 & — .
g=1
g
for Ant (B, -z G — - O u
\ [ wu(lLyr=2 ? & THET “z2
RETOT LA + = 0 V4 iy = Ul jaY)
\> B g=1 B 7/’ : *_;#...e)\ Us
44
X / ¥
Y =0 e £
y=0 1, - ' Uio  tas s27 T-»x
% ;
55 W . x=1 = o ! z 3
& (= Z(ﬂf, e) =
2 2
ou Uy —2ui’j +u,_,; (0u Uy —2ui’j +u, (5 pts)
2 ~ 2 > 2 ~ 2

Ox ij (Ax) 5_‘)/ i, (Ay)

o’u 0O'u = 2u +u_ U —2U U
. + . :O—> i+l,j 1,‘]2 i-1,j + i,j+1 l,/z i,j-1 :O
ox~ Oy (Ax) (Ay)
Ax=Ay - —4u,  +u,_  +u,,  +u +u, ., =0 (5pts)
i=1j=1—4u, +u,, +u,+u,, +u,=0 -4 1 I 0 ||u, -2
i=1,j =24, +u, +u,, +ug, +u, =0 Z;g;‘g;gi 1 -4 0 1 |ju,| |-3
i=2,j=1:—4u, +u,, +u, +u, +u,, =0 Z‘;::iji 10 -4 1 ||uy, -3
i=2,j=2:—4u,, +u ,+u,, +u,, +u,; =0 0 1 1 4], —4
(5 pts) (5 pts)
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4. LY 2 SHXT ENX] HoHoHHE 158

? C.l
72
®C
6 c’ f ] D.‘W U.‘Z DI3 D.‘ti 0‘5 UIE DI7 D.‘E 0‘9 1
ou _ du dH . d°G 1d°G 1dH
u(x,t)=G(x)H (1) > R —>Gg=de2 R =EE=(constant)=—k2 (5 pts)
u(0,6)=G(0)H(1)=0—->G(0)=0
u(L,1)=G(1)H(1)0=0—>G(1)=0
1d°G : o |4=0 :
G e =_k2_)G(x):ACOS(]OC)JFBSIH(]“)%{Sink:0—>k:n7z}_)G" (x)=sin(nzx) (5 pts)
%CZ—I;[ =—k*> H(t) = exp(—kzt) (5 ptS)

u,(x,0)=G,(x)H,(t)>u,(xt)= sin(nﬂx)exp(—nzﬁzt) —u(x,t)=Y au,(xt)

n=1

u(x,0)= ianun (x,0)= ian sin(nzx)=sin(4zx) —>a, =1, a, =0 for all n = 4

n=1 n=1
u(x,t)= sin(47rx)exp(—167z2t) (5 pts)
5.
(1) (5 pts each)
Round-ff error: (DCommon arithmetic operations (+,-,*,/), (2Large computations, (3Adding a large and a small
number, @Subtractive cancellation, (5)Smearing, ®Inner products

Truncation error: Taylor series approximation

(2) (5 pts each) @ = g3l oF &t

; explicit (forward): 2 ,HA L - 4y, -y, =(1-aAt) y, - stability: [—aA <1
d_y T t 1
! implicit (backward): Yin =V -y, = Vi = »; = unconditionally stable
At 1+aAt
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6.

1) o+ 280, ~22F%s o 0GR, =G - Zatls 8044040
Zg Z, o,  Zg 40

= My, Ry, =1500x0.3* =135 kgem®s (1 pt)

g =(Sorg XGR 4,0 )X GRE 4 1, =(02x3” +0.1)x4* +135=165.4kgem’ (2 pts)

@) T, =(T,,xGR,, +T,,)xGR, =(50%x3+80)x4=920Nm (2 pts)

eng
v=236 km/h =% =10m/s, (1 pt) F__ = %CdAfwm,oairv2 + Moy, & =183 N (2 pts)

J

vehicle

res

a,, = Lo _JEeSR’ire _920 Iés&lx 03 _ 523 radss®, .. a,, =a,,R,. =1.57m/s> (3 pts)

eq

:LGR :%x4:133.33 rad/s (1 pt)

tire

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

mot

T o  =80x13333=10,667W (I p)

mot mot

nmotar'I/batlbat = Tmata)mot <~ (Vbat = VOCV - Rin]bat = 350 - 0 llbat)
— 0.097%,—315I, +10667=0— I, =342 A (3 pts)
100 p5min 100

ini

.. SOC=80C, ——— ™1, dt=50— x34.2x300=29.5% (2 pts)
c, % 50,000

nom s

@) @,, =——xGR,, xGR, = % x3x 4 = 400 rad/s (1 pts)
At T, =50 Nm, e, =400°0=3820RPM — BSFC =320 gkWh (2 pts)
T

32ng50><400>< 1h 1L

Fuel rate: X
kWh 1000 3600s 860g

=0.00207L/s (2 pts)

Fuel consumption: _[Osmin().OO2O7 L/s dt =0.62L (1 pts)

E_10m/s><300$>< Im
0.62L 1000 km
km 3.785 MPG

(5) 1km/L=—— 22 -2 352 MPG .. FE =4.84km/Lx2.35—— = 11.4MPG (2 pts)
1.609 L km/L

=4.84km/L (2 pts)
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