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["Elf[l![ 78 {f‘flﬁnﬁ@ ( Terminal Velocity )

B % fo! (Abstract)

Terminal Velocity

The motion of a sphere which is falling through a fluid is subject to the fluid viscosity. In this study,
we find out the relation between the radius of a sphere and the terminal velocity. We used a digital
camera to record the sphere's descent in the oil. The three kinds of sphere we choose are acrylic

( ~1.18g/cm’ ), glass ( ~2.47g/cm’ ) and crystal ( ~2.66g/cm’ ). Frame-by-frame analysis of the
video footage yielded rough estimates of the sphere's location within 1/30 seconds accuracy for

statistically consistent results. By measuring the location and time and analyzing them, we find out
the relation between the radius of a sphere and the terminal velocity.

The expression of the drag force,Fqrag = -k1V, is not cosistent with our results. The study indicates
the expression of the drag force should be Frag = - (k1V+kyV?) . The expression for the terminal
velocities of the three kinds of sphere is of the form : al(p -p") =0.00003 (a Vt) 240.00021 (a Vt)
+0.00575, where a is the radius, p is the sphere density and p'is the oil density (0.90 g/cm’) .

In addition, if the radius is the same, the terminal velocity of a denser sphere is higher and the time

to approches the terminal velocity is longer.
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Figure 5.1 The path of 4 different size of acrylic in the oil

105
O Bl iR a=0.498cm
100 o Sl 3R] a=0.498cm
95 Tl o581 a=0.498cm
O Bl Js5R2 a=1.015cm
i ® Bl Ju5R2 a=1.015cm
90 o s ]42R2 a=1.015em
- TS 923 a=1.505em
85 a e o S ]9ER3 a=1.505cm
80 | N & & T 0583 a=1.505em
p S O E s34 a=2.505em
75 S ® B ]uEM a=2.505cm
T 0504 a=2.505em
70 b —— S8 ()3 2=0.4980m)
Z 6 . Z=-12.764t + 92.405 &f %? ﬁ? a=1.015em)
B e 2 ALt (Bl JuER3 a=1.505cm)
cm 0, R"=10.9999 ——— Z6UE (gl U3R4 a=2.505cm)
em gt 7= 26,5261+ 93.306 S
s | R”=0.9999
50 |
sr 7 = -43.619t+ 97.206
40 r R’ =0.9999
35 F
30 |
25 ‘
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
t(sec)



Figure 5.2 The path of 4 different size of glass in the oil
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Figure 5.3 The path of 4 different size of glass in the oil
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Figure 6.1 R 1V F1E A BIQ D)

140
y =-24.575x" + 108.49x - 1.2049
120 R’ = 0.9964
100
w0l y=-22.609¢ + 95.315x +4.5788 TR
k4 R’ =0.9958 . sk
oy o it
60 [ — %I (B )E
— izt Gl
— ST D
w0 b b il
y = -7.5607x + 39.516x - 5.211
0r R = 09987
0
0.000 0.500 1.000 1.500 2,000 2.500

@

(=) % xﬁ.}ﬂ@&fﬂgﬁ# 1 F“%Fﬁl =
(1) BRIE )" Farag = -k1V

ﬁ',ri“?ﬁ‘ AT R ZAS A R R IR LRRL SR = PO e gy s B
B?' T T‘@%ﬂ*ﬁﬂ 755 Stokes’ Law » [EZR {90 P ikt 120 JJ—ka~ Fi-6ranV o
[l a FESRGE 2 o SRRV o TR SR AR - LRI AT

mg'=6zranVt....................... (6)
, 2pg
meE vo="L9% 3 @
o
I, 67 6ra 9
By k= - 77 7 175,
T ra Tap

() ngﬁgf[lzﬂiﬁgg ;:s«ﬁ,}@nﬁ F‘g tfd?ﬁl;{‘ T ARy b RS HARPORRS o FRL
Fei IR 6.2 17 éﬁﬁiiﬁ‘i@éﬁ?ﬁ‘*ﬁﬂ# s [ﬁ ijj f\:ﬁ[ﬂg‘rﬁl,‘ kL= R - IF‘ E1E
PR 5 -

i‘% Fo Ve Al a’ sy - Figure 6.2 WU £ ARG
b s
R A T IR C A
FIE TP PT SERTIIY o

y = -7.202x + 41.896x + 41.471

-744’ ) E’?‘El FIGJTQEE‘EJEHE”‘ 73'/ o o F R’ =0.9881 ° g*%:ﬁ
% L E
F% - (PR O B B T | B

=)

“Ip J%’ﬁ#‘uf‘ﬂﬂ VR B : D i

40
y = -2.5155x + 18.773x + 8.7909
R = 09966

L[rlﬂ\ ,|1|J1 )%{A%ﬂfT‘FBL{‘ I”"_I
VR S )
IH [’uj IFﬂ [ FSSU ﬂv\yfﬁljlﬁ@éﬁ 4‘ ! 0 o.‘s 1 115 z 2.‘5 3 3.‘5 4 45

SR T @02)

20




{7 A Ry - JwilkoTJ (7 o TIFR £ ERRRE =5 P o= RERIETE 2~ LIS K’T 7% A
E[p@ﬁt&“ﬁf« MIH*J;‘;Q;—} RN ji@hﬂéfg[. [i iiy[r'ﬁpjgff,gﬁi[i f' RVNE Jﬁ sk
i&‘FEjﬁ% DEVERAR [T D YRR DAV ’P?“Eﬁéxﬂﬁ[ﬂi ST B PR
{5 RL L = lﬁ'iffwf'ﬂ“é'ﬁ”’ﬁﬁﬂ%ﬂ“/ HHT RE R R S PR
SERLES TIRORHI T RLE AR -

7 7 }L ;r‘? A%
[%[Fﬁ Jﬁ!’«ﬂ FJ"[ Terminal Velocity vs. Radius®2
SRR A R
L o . 05
i g | g
z 0.
\\k ‘4 _‘ﬂ} —
W FU ﬁtj ?:Eil_ Farag %q 04 + Experimental
1 ‘ % 03 m Theoretical
=_EC’D AV2 o ; 02 —— Linear (Theorstical)
£
£ 01
D T T T 1
o (D (S = 0 &0 100 180 200
- "‘Iﬁ[ﬂ}% ""E fﬁFf'” radiust2 (mm#2)
% ?%F'ﬂ— i

B B et 0 OB SR R R 1 -
(2) @F%“r@-wmrag =-kpV*
1

BRI S AL BRI DB T Fane=——Cp AV ¢

ﬂWJ_EE'}’L_FS‘fFuﬁ@E J]EHJ?[;:{ mg’ =—Cp AV ....................... (8)
E[ Cijfﬁf*“[ TH o A RLE

“'m :%ﬂap g—g[l—ﬁj FiA=7z @ B [0V, = %’C—f’\/_a ........ )
o,

Hhe VOZESRELE  a fIOTHT TE ER RSH -
T RIS R

Figure 6.3 JifiplifoF vk g

120
B8 i > Bl s g -
Bt
[ﬁ[ 7.3¢ Fl ] 3225 f‘ﬂu:@mg’ 100 - y=77.541x - 17434
q: mﬂj T ad N D EHMTJ R*=09872
- 7 IFE}_T‘ SEFTET > ise - _ .
J - —1 R = ~70.997x - 10457
E %5@%’ v jﬁ;ﬁ@ " e
*F” 'iﬁ 1 R 30 z yosa30x-3u74y " CCRpE
FIF ,“EIEJE I""’E“J##q'i‘ FHAEJF” 2 R?=0.9917 TR
U i HESC 8 o
SRHI § Al (R e
%EF ﬁ' thpff‘ P f ----- LI L)
AR REipE R AR 2r HLE (B )
. %iiwmﬂ 1# %
F‘—' rt A%aw—‘ FEF' 0
= Farag ™ FB“E LRl 06 07 08 09 10 LI 12 13 14 15
'“5 pEz «W‘JEIJI}J[. S a VB



(3) E];%?BE JJFdrag = - (k1V+ k2V2)
B grag = - (K| VHkgV?) 9157 (1) Seaspges

ma=mg"- (k{V+koV?) ... (10)

HVEE AR O R ma = mg'~(kV, + KV o, (11)

I S 8 ﬁa?ﬁ’ﬁ” Jp— “R=Fdrag=-6ran VHIZ hf“Fdrag——%Cp AV? (AFE

0 FEMEF A= Ta) B Lk =6 Tan ke =2C pral
mg[l —ﬁj —6rnaV, +%Cp' (za)Vy . (12)
P
4 3 ' 1 ' 2
3@ g(p—p)=677(th)+5Cp @V,) ..o (13)

fetHa® (p-p° ) = aVplo ﬁ%%[’? °

[ﬁ’ 6.4 fﬁ?%';[wpfjglw\z’g?%

2.00
175 )
y =0.00003 x” + 0.00021 x + 0.00575
R*=0.99893
1.50
1.25
b
a3 (p-BY T TR
m S
0.75 r i
® R
050 — L (IR
025 r
0.00
0 50 100 150 200 250

REGIE Vira

PR 6.4 fadidl 25 PR 8 R W D O B 2 (P R a Ve
2 (p-p° ) ALT #FTJI’ (UERRICRN 72 i AR e R L

10



(=) Fop =g Rt (W RV E ] iE ) g

A2 100cm % VBRI O RO B

. g g Vit Elihi n
(em/s?) | (em/s?) | (em/s) | (gem's™)

B Jo5f 1| 8.481063 | 108.25 471.7 -12.764 | 0.1401806
B Ju5R 2 18.023593 | 212.83 1048.6 | -26.526 | 0.5336537
B 0583 120.38703 | 76892 | 35744 | -37.716 | 3.0273051
B 054 5251505 | 229.07 10759 | -43.619 | 1.4077949

HZHIR 1 | 1161054 | 667.69 | 1068.8 | -57.507 | 0.7039523
k2 16916386 54007 | 8609 | -78.086 | 0.926627
sk 3 8419646 | 72166 | 11530 | -85.712 | 1.7095012
HZETR 46666232 | 681.69 | 10983 | -102.26 | 2.7537432
A1 (1327232 635.21 980.2 -47.86 | 0.5247038
AR 2 7029645 601.85 | 9179 | -84.415 | 1.0548889
bR 3 16002288 | 629.76 | 968.5 | -104.92 | 2.0536208
PifcR 4 |8.032787 | 944.66 | 14464 | -117.6 | 44726715
PR H 25 (PP 12 (W BRRTIH PV 250 IR ET Tl e gRed 17 B0 -
4343 cm/szﬂl 3574.4cm/s” V[t - @ﬁﬁﬁﬁwljglj 980cm/s’ 2 £l A 5 Bl J‘“&IF’EJF?JE bR BRI RT
FITRE [ eI T I BUES PTRL ™ Fame =-kmV -~ AREEF ] il - SR
gﬁ JFdra : jx%ﬂﬁﬁa‘ri— wtﬂp P— ﬁijpjﬁfdl, » Bl 4 [;H nﬂﬁmﬁﬂﬁr Fuﬁrg[{j@é@v%p
TP RIFORE RN bl TIRERLAY Eu‘ﬁﬂj“i FpRE -

j‘FJﬂ Eﬁ,ud 'l I Efi?‘“t’: & ﬁf"‘—&% EJ(TJ 5% j"f% FH—%'ILL['IEJ 7 ot EJFT‘“ 7 ﬁ%[ Hi o F‘Il&lm
PR 8 K S P @3 | PR o ] 3 4
T ‘:j_ IFLE&}'I.F{.)F;QF[ J—f FZ/I’_F:L [-Hi_[-;dt "_‘ ﬂ’[F[ ~J Zi_F Fdrag =-kmV j\ }_&JE:L ’ Z/D%\I HJ Fdrag

- (kqV+ k2V2) _F?'%LTIETU > s Eﬁiﬁ&lﬂ[ﬁrf I
(pul) Fh'l,]}ir_“ﬁz,lpdrag =- (k1V+ kZVZ) Eﬁ ’ iEIHI:‘J’*%'E‘J:\LEJEﬁ]?‘JIi/

ERS IHCGHIIE [ Farmg = - (Ve koV®) HERZBIIIS 0« )i
L SEOF T T R

SR IR VA Z R (14) A (15) FPAA

11



7 = kl_a t+ﬂln 1_k1_ae_ﬁt + h_ﬂlnl_kl_a ................. (15)
2k, k, k, +a k, ki +a
Hila =4k} +4k,mg’

k,—«
2k,

=V, t+— lnl—k e |y h——mlnl—kl_a ........... (16)
k2 k, +a k, ki +a

B R SRR - SIS R © T R
FHKEEK, -

IR ERE GRS - By, ——( J FIZS TS O S o (15) A5 ES

mg'=(kV, +k,V.*) ..o (17)
mg(l —ﬂ] =6 7n av, +1Cp' ra’V’
Yo, 2
ki=6zna »k,=Cp'wa’.................... (18)

ng[l—%}tﬁi(avw = IO gRL P SRRV R R T - A8

1006.07cmy/s” » 56 O™ [l 6.5 <

Figure 6.5 terminal velocity

120000
100000 |- ®
y = 1.0622x + 4.3418x
80000 |-
O all
- o EGy s
& 60000 l
® o R
o
40000 +
LR (all)
® e
20000 |
(€]
0 lo—®= o
0 50 100 150 200 250 300 350
avt

ﬁ{_ IIKT:F'EKzl"’L ’ f‘JFIIK KZI—L‘[IZ[I (16) =, ITJL[I FI;UE JZIE{ o [ ;{‘ lel; ™53 FIL‘I?F#;# :_—;TLI»,\:LFI
W (H é%ﬂ*‘ﬁﬁ'ﬁﬁ%’?% SLIffER) - g fvﬁhia;u 1006.07 cm/s”frft * i3 “Jv&c Lt E R
£=980 cm/s” BT PR €k s o —“E FFU# Wﬁ&]}j i P"J °

12



-10
|
Figure 6.6 crystal 2 (a=lcm) o HWHIf
01 o HHPGHRRY)
- i"ﬁ:r%@ (£=1006.07)
0F 9% e fjjﬁrﬁ['@ (2=930) i
AL ] [@(?f‘fﬁ’]ﬂ*ﬂ )
20
30
e Zem40
50 y = 80.637x - 3.9418
60
70
80
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
T ¢ (sec)

(20 PR R s

FITR T REEIRY = B XSl » TS~ SRS RIS B =R
PO EE AR > BTSRRI R o

FZ 100cm @y IR P PSRV RN

Mass| V 0 a b g Vit
(g |(cm’)|(cnvs®) (cm/s?)| (cm/s)

cuboid [15.39| 1.91 | 8.06 |115.31|-15.6] 1006 | 11531 |2.863
airfoil | 6.830.85 | 8.04 |96.527|-12.2] 1006 | 96.527 |1.814
Bullet |11.37) 1.39 | 8.18 [108.82|-8.4| 1006 | 108.82 |2.380
cone |4.55] 0.6 | 7.59 |87.257|-72| 1006 | 87.257 |1.468
sphere | 4.06 [ 0.44 | 9.23 [99.049|-9.76| 1006 | 99.049 |1.041

shape c

12 C PR R (1 CRLE TR LT
oy =" SN (R 1 BRI T R < SR M BRATRS

Sty RS [ J"% FhLmg'= (kV, +kV,") > N TR R

mg(l —%) =6 7n av, +%Cp' Vs aZVt2

H B Y ;I/JL‘V‘FJFI > ALC TRLE o B R TR EEE ¥ FF%H Sl
= [Pl B AL > iy 2 el 2R TR AIC -

13



2 (em)

40

50

60

Figure 6.7 The terminal velocity of a cuboid

0
10 F
20 f
30 f
40
y=11531x- 156
o0 & R’=0.9998
60 -
70 t
80 . . . . .
0 0.1 02 03 04 05 06 07 08 09
BT ¢ ee)
Fig 6.8 The terminal velocity of airfoil
¥ =96.527x - 12.284
R'=1
0 0.1 02 03 04 0.5 0.6 0.7 0.8 0.9
BT € Gse)
Fig 6.9 The terminal velocity of bullet
° o
| y = 108.82x - 8.3955
R =0.9996
0 0.1 02 03 0.4 05 06 07
1 (se0)

14

0.8



Fig 6.10 The terminal velocity of cone
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