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A Study on ’Chara_cteristics of Fluid Flow

on Direct Absorption Receiver from Solar Energy

T
(Ee-Tong, Pak)

ABSTRACT

Direct Absorption Receiver and Thermal Storage System is a complex problem. This paper
describes only characteristic of fluid flow on the receiver. The fluid thicknesses of Molten Salts
(Melting Point : 397°C) flowing on the receiver of modified protopype (10m x 10m) were cal-
culated theorectically, changing the receiver slope from 60 degree to 85 degree (5 steps). The receiver
temperatures were 430°C at the top part and 950°C at the low part.

The flow thickness of the Molten Salts at the top part of the receiver are around 1.9mm in the
case of maximum insolution (50 x 106juou1e/sec ; 58.898kg/sec of flow rate) and 2.0mm at the low
part. In the case of 3/10 of maximum insolation (flow rate = 17.669kg/sec) the flow thickness at the
top part are around 0.9mm and 0.4mm at the low part, and in the case of 1/10 of maximum insola-

tion (flow rate = 5.889 kg/sec) the flow thickness at the top part are around 0.6mm and 0.3mm at

. the low part.

From experimental measurements of a normal fresh water thickness flowing on the model
plate (12.7cm x 111.76¢m), around 0.8mm at the top part of the plate and around 0.7mm at the
low part were abtained in the case of maximum insolation (flow rate = 0.12496 kg/sec). In the
case of 3/10 (flow rate = 0.03748 kg/sec) and 1/10 (flow rate = 0.012496 kg/sec) of maximum
insolation, around 0.5mm and 0.4mm at the top part, and around 0.3mm and 0.2mm at the low
part were obtained respectively. |

The reason why the thickness of the Molten Salts increase at the low part of the receiver only
in case of maximum insolation is that decreasing rate of the viscosity of the Molten Salts is larger
than decreasing rate of the density of the Molten Salts during temperature increase from the top
to the low receiver plate and decrease of the fluid velocity in accordance with continuity principle.

In all cases without the above maximum insolation, the thickness of the Molten Salts and the
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fresh water decreased at the low part of the plate because of gravity force effects rather than fric-
tion effects and of continuty principle. All simillar flow patterns were obtained through all cases

of the insolation making an exception of only maximum insolation.
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Table 1: FLOW THICKNESS [N PLATE VS. FLOW RATES AND 1TSS CIANGES

430C—950C (4r=520¢) -

: Futectic Mixtures )

. Q _ 50(10)6 joule
=0, 349
Ty
Flow Thickness Gnm) :10‘\? Thickness Ratio gﬁfuqu
to Temp.{mm/°C) oftl-"io;v
[Flow Rate Reynoids No| Plat p=2.1303gm/cc|p=2.0395gm/cd p=1.8583gm/c¢/ 430C R97C Thickness
(kg/se¢) Re Slope [p=6.0CP p=2.213CP 1=0.4013CP D)
(®) [T=430¢C T=597C T=930C
597C 930C 430249300
58 . 8083 Re=3926.55 | 60 1.92966 1.98076 2.09448 | +3.0599x107* | +3.4150x10"1] +0.16482
Max. Turbulent 65 1.90352 1.95392 2.06611 | +3.0180x107* | 43.3691x107*] +0.16259
lnsolation Flow 70 1.88295 1.93283 2.04380 | +2.9868x107*{ +3.3324x10°*%] +0.16085
75 1.86748 1.91693 2.02699 | +2.9611x10~* +3.3051><10-‘: +9.15951
80 1.85667 1.90583 2.01525 | +2.9437x107* | 43.2886x107*| +0.15858
85 1.85028 1.89927 2.00831 | +2.9335x107% | +3.2745x10"*| +0.15803
17.6695 Re=1192.63 | 60 0.94174 0.69527 0.41872 | -1.4759x107% | -8.3048x107*| -0.52302
4/10 of Max.| Laminar 65 0.92757 0.68481 0.41218 | —1.4537x107 3| -8.1871x10~*| -0.51539
lusolation Flow 70 0.91646 0.67660 0.40747 | —1.4363x1073 | -8.0820x10"*| -0.50899
75 0.90808 0.67042 0.40375 | —1.4231x1073 | -8.0081x10~*| -0.50433
80 0.90224 0.66108 0.40115 | —1.4441x10°3 | -7.8057x10"*| -0.50109
85 0.89879 0.66356 0.3962 | —1.4086x1073 | -7.9281x10™*] -0.49917
5.8808 Re=392.65 60 0.65028 0.48009 0.28913 | —1.0191x1073 | -5.7345%107*| -0.36115
1/10 of Max. | Laminar 65 0.64049 0.47287 0.28478 | —1.0037x1073 | -5.6483%10"*| -0.35571
Insolation Flow 70 0.63282 0.46720 0.28136 | —0.9917x1072 | -5.8078x107*| -0.35146
75 0.62704 0.46293 0.2879 | -0.9827x107° | -5.5299x1074| -0.34825
80 0.62300 0.45995 0.27700 | —0.9764x1073 | -5.4940%107*{ -0.34600
85 0.62622 0.45819 0.27594 | —1.0062x1073% | -5.4730%10"*| —0.35028
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Table 2 : Constants of Equation, t=a1x2+ﬁlx+rl

. Flow Rate| Reynolds No.| Slope

Insolation (kg/sec) (Re) ) a, B, 71 Remark

Max. 58.8983 3926 60 0.001252 | 0.003958| 1.9297

70 0.001222 | 0.003867 1.8830

80 0.001205 | 0.003806| 1.8567

3/10 17.6695 1192 60 |-0.0006016|-0.04629 | 0.9417

70 [—0.0006854|—0.04505 | 0.9165

_ 80 |-0.0003754|-0.04636 | 0.9022

1/10 5.8898 393 60 |—0.0004154|—-0.03196 | 0.6503

70 |-0.0004044,-0.031102| 0.6328

80 |—0.000398 |-0.03062 | 0.6230
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Table.3. Change of Flow Thickness for
Medium Model Plate

'H,0:20°C, pm=998.5599(Ckg/m)

ta=0.001 —E—)=[ C.P.
| m-sec -
.Insul-| Flow Rate.Slope tlow Thic-{Change T
ation [(kg/sec) | (") ikness(m} ifrom Top
. i to Low
60 0 26260 é.\'u(samc
65 | 0.25004 | MSKNeSS)
Max. r 0.994 70 0.25624 "
75 0.25413 7"
80 0.25266 "
85 0.25180 %
60 0.21942 1
65 | 0.21612 | »
3/10 0.2983 | 70 0.21353 ”
75 0.21158 ’”
80° | 0.21022° | #
85 (.20941 ”
60 0.15212 "
65 0.14983 ”
1/10 0.0994 | 70 0.14804 "
75 0.14668 ”
80 0.14574 ”
86 0.14518 ”
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Prototype il (m/sec), Hak4 & B 5t &0
Wil BREHES 27 #3 Flowmeter® Fl
B, wERAdGd A tF AEA
S AXASER : BEEBIRE = 0.12496(kg/sec)
3/10 B4ty ‘HEHE = 0.037483(kg/sec)
1/10 A5+ ERy : HEE= 0.012496 (kg/sec)

2. REmER

Table 4 & & K#o #Rolch o714 &k
HatE (&= 0.12496 kg/sec), 3/10 BEt&E
(&= 0.037488kg/sec) & 1/10 HHEGRE
= 0.012496kg/sec)el Bt =5 E@dld i
B=0.50, 0.40 2 0.25(kg/sec) %ol RS
ZEE Frso 39 o= Flow meter 9
RA7A HES fHed SR BHE 2R
d HHFEE FEI BFoldch

28 104 28 157kX| = Table 4 & BN
& Aolel o] ML 28 1004 27 12
A = el FRatukel 2ol i@ E0.50

ooz A 4d 25 1984.11



stol £

Table4. FLOW THICKNESS VS.FLOW RATES AND IT'S CHANGES

H,0 :City Supply Fresh Water(20°C) for Model Test

Flow Rate [Reynolds Plate | Flow Thickness (mm ) NetFChanges
(kg/sec) | No Re [1ope of Flow Remark
g D) , Thickness (mn) emarxs
Top Mid Low Top — Low
0.50 15669.421 60 [1.95510(1.15668 |1.28478 - 0.67032 Over Test
70 |12.66022]1.65439|1.43866 - 1.22156 Range
80 (1.26153(1.25044 |1.09050 - 0.17103
0.40 12535.52] 60 11.77972|0.87220 [1.17150 | - 0.60822 Over Test
70 [1.84593|1.58572(1.04377 -~ 0.80216 Range
80 11.2945511.17120 11.09957 - (0.19498
0.25 7834.71 60 |1.1368011.19217 (0.81232 - 0.32448 Over Test
70 [1.00584|1.04174 {0.84870 - 0.15714 Range
80 11.12607(0.92634 {0.81788 -0.30819
0.12496 3916.11 60 {0.86719|0.50612 {0.65327 -0.21392 Test Range
Max. 70 10.93617(0.67336 |0.84522 - 0.09095 Compared with
insolation 80 |[0.73510{0.54348 |(0.49276 - 0.24234 Prototype Test
0.037488 (1186.09 60 10.5468110.36872 {0.28641 - (0.26040 Test Range
3/10 of Max. 70 10.49987|0.26518 |0.32893 | - 0.17094 Compared with
insolation 80 |0.50715(0.59402 [0.32555 | - 0.18160 Prototype Test
0.012496 (406.15 60 |0.66030|0.24631 [0.20017 - 0.46013 Test Range
1/10 of Max 70 10.39204(0.27432 {0.23665 - (0.15539 Compared with
insolati on 80 |0.36544]0.40065 |0.37033 | +0.00489 Prototype Test
kg/sec, 0.40kg/sec ¥ 0.25kg/sec)ol H3 & 6ol 27 87x| £4& HIE H&sl v 1Y
BESE L2 2RI HES HAEY B9S2 [E o] ch
AstRct. webd 23 1304 2 1577 2
2.50 2.50
060* of Receiver Plate Stape 060" of Receiver Plate Slope
a70* of Receiver Plate Slope 670" of Receiver Plate Slope
080° of Receiver Plafe Slope a 8" of Receiver Plate Slope
200 | 200 - Flow Direction
Re =15669 -
E E Re=1é536
E E
§ 1.50 |- _g 1.50 b
£ \ =
S o Qt>< :
- Flow Direction -
1‘00’; - Pa 1.00 - ' P
000 3 f em) 0'00;( 55 1100 em)
Figl0.Fluid Thickness on Model Rece— Figll.Fluid Thickness on Model Rece

iver with 0.50kg/'sec of Flow
Rate
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iver with 0.40kg” sec of Flow
Rate




2.50
060° of Receiver Plate Slope
2.00 } 870" of Receiver Plate Slo_pe
o80° of Receiver Plate Stope
~ :
E
» Re=7835
a
jg 150}
o Flow Direction
P -
=
o
w (N\Q .
" \L .
0 00 1 f
0 5% . 110 (cm}
Figl2.Fluid Thickness on Model Rece

iver with 0.25k8 sec of Flow

Rate
100
Flow Direction
€
E
o
S s} —a—
£ | Re=3%16
: o 60° of Receiver Plate Stope
o
w & 70° of Receiver Plate Slope
' o 80" of Receiver Plate Slope
n,do [

0 55

Fig13.Fluid Thickness on Model

2496kg sec of Flow Rate

1.00

_ 060° of Receiver Plate Slope
= 470" of Receiver Plate Slope
E a80° of Receiver Plate Slope
7 Re=1187
[ o=
X 0.50
=
—
x
L
- Ftow Direction
———
0.00 1

0 5S 110{cm)

Figl4.Fluid Thickness on Model Rec -

eiver at 3/100of Max. Insolat-

ion with 0.03748 #9/sec of Flow
Rate

Ko< o] EEREGK TME L KRS it WS HR

100

o80" of Receiver Plate Slope
870" of Receiver Alate Slope
o0 of Receiver Plate Slope

Re=451
0 50

. 3
]::**=::::::E:::bhw::qt::::::::::;;;;;;;;
Flow Direction
i

Flow Thickness {mm)

H
0 55 110{em).

Figl5.Fluid Thickness on Model Rece -
~ iver at 1/100of Max. Insolati-

on with 0.012496ks sec of Flow
Rate

3. & &t
2 104 28 167125 BlEgshd K
a2y 5o MAe] Flow pattern -2 YeElW 3z Q)
ouv ¥ e A9 Flow pattern2 HiIxE L
o) Zeety Holol Aok webd MAS Flow
patterncl] RFifstednt gadel Eok MBS Flow
patterno] %A ® 10 %S L4+ FEESHH
of & Zo|c}
A B fluid thickness 7+ Fimile
Fluid thickness Bot% T4 BHHE
0.010 & g BES plate&xme vHEAT

¢-00

n=

10{cm) .

Rece- ©] AY & KoY 7t FiARLE E&] W

iver at Max. Insolation with (.} 2

A
Zr

2 Fhe oddo® AA s HE
of Bl tkated T#Mpl W2l 2FS RS
o @imsgel B EAHY Fluid thickness7t
Aol x| & FELEHBIR 4714 = Zolch

283 Flow patterno] Mo sx HE+
S ol A e KB B K
Aol YA o HEBo]l -3 platey kum
ol 4] = HH S0l Fovt HENY EgyhRe
7152 o gl Lol pnEEs7] # el =

o) S RS AR st
FWME BRs7l A Folzt shllel 2o HE
o] Bl feate] EHNEL 250 Hj &
& Y5 FHEE ol WA itk of
o] Z=fgmol HhAoll {kalo] FEPE] o] F-oi A

kol dz] Al 4d 23 1984.11



sol g

o ol A2 FEBMTEES] 19 B —E3 Fluid Bl plate o TwmikE msted BhHa BEHS
thickness & %Al "k 22 ol 2feh Fifee] ofA HEHE 2o o 24 {2 L% o
BEE 2%A 7 Eme] @ ¢ U o #E A A GnEs ] Fluid thickness 7} ZF&
7b AvA = (B RER) o] 213 FmmEttel AA BE

A Hel S5 oAl B HREE A 3=

Table5: THEORETICAL FLOW THICKNESS ON SMALL SIZE MODEL PLATE

* Normal City Supply Fresh Water 20C

| Insolation g}l((;v/vsgca)te Re(y[r{lgl)ds No PlaEeo glope tluid Thickness (mm) | Remarks
60 1.1662 Constant
Max. 0.12496 3920 70 1.1379 thickness
80 1.1220
60 0.5191 Constant
3/10 0.037488 1180 | 70 0.5059 thickness
80 0.4984
60 0.3271 Constant
1/10 0.012496 400 70 0.3183 thickness
80 0.3133

Tablebv & /JpHARBIKES Tl BHE  Model ZEMR LY BEHF M H—3 BE
ATEERES Yebd Aojok Fol A Hal utel ol 283z HEHEO A-T4E Fluid thick-
7ol slope 7} —xEdt ol & Fluid thick-  ness7} AL 585 fEHE 5+ ok
ness 7} —EA H& ¢ F Ao ol R |

Table 6 : Constants of Equation, t;=a;x?>+8,x+7, and K, Values

msotation Jgpy st [Repmatas Toroe [ T, [ ]

60 0.8103 | -1.0985 | 0.8672

Max. 0.12496 3920 | 70 0.6930 | -0.8574 | 0.9362 0.50
80 0.2246 | -0.4580 | 0.7351
60 0.1527 | -0.4035 | 0.5468

3/10 0.037488| 1180 | 70 0.4758 | -0.6856 | 0.4999 0.62
80 | -0.5665 0.4724 | 0.5072
60 0.5865 | -1.0677 | 0.6603

1/10 0.012496 400 | 70 0.1276 | -0.2817 | 0.3920 0.92
80 | -0.1045 0.1214 | 0.3654

Table 6 & F7}A & Jell s 9l &6l A=  uid thickness o HiffZ Yepli = HEK] .
Table 4 && 2.8 134 23 15719 Fi- B H# datacl &A% Curve fittingo] &
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St RS KT SRk

22l Kr(Experimental thickness/The-
oretical thickness) 2 iS5 E29 edge ef-
starting condition & << dl
ol EM B uniform depth@ilAe K
8 Fluid thickness & A#02 3t HH
Fluid thickness o &S 7Zlo]lcl &9 Kr
T2 X vkl 7ol HAHEO] %
Thickness 7} B Thicknessol Hslo A&
= ¢ 7 sk B A4 KSR B8
© RE&Thickness v~ E# Thickness 9 1/2
ol Hlz 1/10 HHES HBRE: KwEY BHR
fH7F vi<dE & = Uk

fect ==

Bl o A
Lﬁa“f‘%

VL. RS

Molten Salts & FiMH3} PrototypesZ#dR
ko BEammEertE N EIModel R ES EBiK
B s Lo |

TA 23 6ol 2™ 8RS et
7ol Molten Salts 9 A K#h2 B
Ayel7] & stAl gty BN = S o
eRlets shlleh gkl 29 10014 =8 15 7t
2 9} VEBRES AIEE MBCc R e Qe
gl olu] T3 vk} ol (hEle] HEhEHRS
i Lol #eely ¥y MES HEpkmer H
stk zv (WAl WMEMERE HiEA ot
I @/t DAl s 29 2 wEEHS 29
BEERY 4+ Qb Bl Flow Thickness 7} )
T %222 Froude Number 9] 23 g
]l BRz . B v gRDatart S#
(8= MRC 2) 5o 9F o EES TR
HSS BREY & Yrh A7A = MBEESS
iRl A EBRTES) 7 ol 7t BEML]  Uni-
form depth &t} ¥ 2 HS(F ) 1)olx
(BRI ol A EBREEIZ o) 7 B
B Uniform depth 2t} A2 2 9o 3 &=t}

2 E 4 Aok ot mBKY FLEd g4

— 25 —

Kol 1] 2| o] EEREA TMBE L HBRE Wikl Mg AR

o Foll A=At E F ook

3t Table 29 HEAESF Table 69 H
BrES HESIY HEE A 2gd S5
e 2ol A mAHSHEY 2467 28 13
< sk A9 (7,3 1)L Molten Salts
o AL B2 FIAS Big A% 29 2
EEE sl ot GHEA 2 o2
#Zly Plate o &7 80° U 4 -%7F Flow
Thickness 7} #— A2 AL [@—stcl. 7
Ao 3/10 BHEHES 499 28 7 29 149
A MBS REEE Bl <ok 19 149 4
2 Zeety B oA E AHE Molten Sa-
1t o 297 KREwH 40t # 2457}
Hcoh, 22l 1/10 HEHER 23 83 2815&
HE&slHd oArld M 94 AHE Molten Sa-
1ts & ZA$-7F 52 FIHT model g 2o}

2657t Ack. A7 M E MEKES ¥ ssicin
st ek,
W. & &

Kb Energy ol BEERUEAZ# HHE 10
mX 10 m9 Prototype # E (RE# : 60 °~
85°, 55tAl ; W A ¢ 430°C, T
BE 1 950°C) & BiReZ E2dzl= Molten
Salts(Eutectic Mixture : Li,Co3—-Na,Coj,
-KCos ;Melting Point : 397°C) 2] Bmiia)
Hette S AHEE(F low Rate= 58.898 kg /
sec) 9 745 Flow Thickness 7} ¥ 1.9 mmjj
ol A Ee] e matel T sl
A= #2.0mm §ij#rR] 5]+ Flow thickness
MBS Kol HEEshAnt LHBRKBH &S
Vel = KRl 3/10 B&E (Flow rate : 17,669
kg/sec) 9] 7% Flow Thickness+ iR

2
a5

ol A #50.9mmfikel A Eejud 2EE2 g
3t FTigfol A = #0.4mFiHEE 5= MH

HEBSS Vel = Sk 282 1/10B45E
(Flow rate : 5.8898 kg/sec) & A%+ Lim

EH°J=°§IL121 A4 2% 1984.]11



Yol §

#oll 21 Flow Thickness 7} ¥ 0. 6mm  {ijgkoll

A EY Wy s
0.3mm §ijt£2 Flow Thickness & = o
zrol [HIAVe] WwEMFEMS YHeER oL

Jste] T omifell A < #9

Rif 4

StH 12.7emX 111.76 cm8] /N Model R L
(BRER! 60°~ 85°, 5xbAl)o] HiES £& &#
WHe 2 & BEHT &8 SKAEHNE (Flow
0.12496kg/sec)el ZAF &9 FA =
#70.8mm Rijggol A el Tumibel A= #
0.7=r Fj#7F =9t 3/10 BHE (Flow rate:
0.037488kg/sec)d ZA-+< Ll # 0.5
m e 2o Sl Fael AL # 0.3

Rate :

51

Thick=(Q*3%¥MuCT I/ RIOCTS /3. 81<3THCPII)>~C1,3)

8]

»76473899685E-62

. 9¢966091438E-a3
< 9B35201405QE~03
-382974%52713€~a2
+B6748471724E~03
-856867013677E-a3
«835B27773147E~03
. 82925952822E-812

FY e o e e e s

. 95279767889E-03
+92634347464E-93
. 99555151737E-03
-88987598381E-93
-87893173%569E-83
. 8724626351 7E-03
.928424448627

— e e e b e

«96200814130E~-03
» 93542127364E-023
-31453133%45E-93
-89878193147€-03
-88773619919E-a3
- 38128£573%59€-03
«87252731174E-@2

L Y

18 DIM M(3)>,Rhol?>,Mul?):

20 M(1>»=53,3983

30 M(2)=1.7389S

40 M(3)=,5333383

59 Rho(1)=2130.3

§0  Rho(2)=20383. 4

70  Rho(3)=2a72.1

88 Rho(4>=2050.4

98  Rho(35)»2039.%

100 Rho<(6)=1929
110 Rho(?)»18%58.3
120 Mu(l)=.006
136 Muc2)>=.994597

1490 Mu(3)>=,003494
150 Mucd)=. 202558
160 Mu(S)>=,082213
170 Mu(6)>=.3086889
182 Mu(?)>=,8004013
198 BDEG

260 FOR I=1 TO 3 STEP 1

218 Mdov=M(I)

220 FOR J={ TO 7 STEP 1

238 Q@=Mdot/Rho (1)

248 Ti=Q-10

250 Re=4#Rho(ID#Tt/Mu(Jl)

260 PRINT "Mdot*“,Mdot,"Q",Q,"Re",Re
270 FOR Phi=é® TO 85 STEP 5
280 IF I>1.5 THEN M2m3
290 Thicka(Q#. 015/ (14.9%30R(SIHCPRhiD 0~ 6
300 GOTO 329
310 M2m3:
320 PRINT “"Phi"“,Phi,"Thich", Thick
33@ HEXT Phi
340 NEXT J

350 NEXT 1

360 END

Mdot S8, 2983 3
Re 3326.%55323333
Phi =0 Thich
Phi 55 Thich
Phi 7e Thich
Phi -] Thich
Phi 2¢ Thich
Phi 35 Thich
Mdat 32,3983 R
Re S5227.27313089
Phi 58 Thich
Phi 53 Thich
Phi °e . Thich
Phi 73 Thich
Phi 30 Thich
Phi 85 Thich
Mdot $8.3933 @
Re E742.79325005
Phi 69 Thich
Phi €3 Thich
Phi 70 Thich
Phi 7 Thich
Phi 38 Thich
Ph'l 85 Thil.‘.h
Mdot 35.3933 2
Re 9218, 05473925

Solar Energy Vol.4. No.2 1984.11

mn §itke] T 5 gich whAtoZ  1/10H

& (Flow rate : 0.012496kg/sec) 8] 4%+

Ll 2o Sl & #0.4marh E2 )3 AHA

Fusdol Al = #0.2m §jEd 542 wdch
283 B¢ AT o Modeld A $E ZF

W) Epie w2 el 9l Curve fitting
S @3 WE s SRR WEel 4 2 Mol-
ten Salts® WE M HERS AHS /NH
Model 8] &2 ey HREAS] A ¥ 25
BE 2 e Jeble de RS ZHHES

@oted v 5 Bideol ok

Phi 50 Thich 1.97443256249€-93
Phi &% Thizh 1,94768%527498€-a3
Phi 7S Thich 1.91881376396E-03
Phi 30 Thich 1.89974826%45E-63
Phi 8% Thich 1.89320754472E-03
Mdot 58.3983 @ .823878793522

Re 18645.3743787

Bhi 5@ Thich 1.98975716218€-03
Phi 55 Thich 1.95392419647E-23
Pri 20 Thich 1.93283454726£-03
Phi ’% Thich 1.91693487673E-683
Phi 30 Thich 1.90583363267E-03
Phi g Thich 1.89927196847E-03
Mdot 58.89383 aQ 3.0333@741317E~82
Re 34198, 4613151

Phi 60 Thich  2,0848@7626297E-83
Phi 65 Thich  2.092033133742E-03
ni >0 Thich 1.99852492372€-03
g 7s Thich 1.98208456807E-03
Phi 30 Thich  1.97069634130E-03
Phi 8% Thich  1.96382166945E-03
Mdot $6.3993 _ @ 3.15947209915E-92
Re 58707.509623

Phi 60 Thich  2.09447877964E-93
Phi €S Thich  2.086619524730E-03
Phi 70 Thich  2.84380477370E-03
Phi 75 CThich  2.02699193477E-03
Phi 30 Thich  2.9152536S810E~03
Phi 35 Thich  2.80831525118E-63
Mdot 1.72295 @ 3.39754352439E-84
Re 119, 26333233233

Phi £ Thich  3.41737457193E-84
Phi £S Thich  3,27573112521E-04
Phi T Thich  9.16455642991E-04
Phi 7S Thich  9.03032326516E-04
Phi 50 Thich  3.02241713793E-04
Phi 35 Thich  3.93790852259E-94
Mdot t. 73595 @ 3.55612717370E-04
Re 153, 770290975

Phi £0 Thich  &.574310615310E-04
Phi 55 Thich 3,5494335218%%E~-04
Phi 70 Thich  3.44192729380E-04
Phi 73 Thich 8.26436113928E-04
Phi 38 Thich  8.31999S74471E-04
Phi a5 Thich B,279292203285E~24
Mdot 1.78895 R 3.63251189614E-34
Re 204.2302513503

Phi 50 Thich  £.81076083337E-04
Phi 5% Thich  7.39927377482E~04
Phi 70 Thich  7.795789%4876E-04
Phi 7S Thich  7.72442232399%9E-04
Phi 30 Thich  7.6747956965%E-04
Phi 35 Thich  7.84544146623E-94
Mdot 1.75895 G 3.72488294967E-a4
Re 323.352914596

Phi 50 Thich  5.95266446565E-04
Phi 55 Thich  €.84809186547E-04
Phi 70 Thich  6.766812374951E-04
Phi ?5 Thich  £.78419387440E-04
Phi 20 Thich  £,851075@7529E-84
Phi 3% Thich  6,63559307994E-04
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Mdot
Re
Phi
Phi
Phi
Phi
Phi
Phi
Mdot
Re
Phi
Phi
Phi
Phi
Phi
Phi
Rdot
Re
411 )
Phi
Phit

Phi
Phi
Phi
Mdor
Re
Phi
Phi
Phi
Phi
Phi
Phi
Mdot
Re
Phi
Phi
Phi
Phi
Phi
Phi
Mdotr
Re
Phi -
Phi
Phi
Phi
Phi
Phi
Mdot
Re
Phi
Phi
Phi
Phi
Phi
Phi
Mdot
Re
Phi
Phi
Phi
Phi
Phi
Phi
Mdot
Re
Phi
Phi
Phi
Phi
Phi
Phi

1.7889%
1938,72840761
£0
65
70
75
86
8%
1.7289%
1783, 15474707
60
65
?0
?S
© 80
8s
.$89983
39.265%333333
80 .
€S
70
7%
80
85
. 536983
52.2727313069
60
§5
70
7S
8@
g8
. 588983 |
67.4279326905
60
€%
70
7S
80
85
. 588983
92. 1005473926
60
3]
70
7S
30
85
. 588983
106.453743787
50
&%
70
75
20
35
.598983
341,984613151
69
&3
70
?S
g0
85
. 588983
5§7.07500623
€0 |
653
70
75
80
85

e

Thich
Thich
Thich
Thich
Thich
Thich
[#]

Thich
Thich
Thich
Thich
Thich
Thich
Q

Thich
Thich
Thich

irich
Thich
Thich
Q

Thich
Thich
Thich
Thich
Thich
Thich
2

Thich
Thich
Thich
Thich
Thich
Thich
Q

Thich
Thich
Thich
Thich
Thich
Thich
Q

Thich
Thich
Thich
Thich
Thich
Thich
Q

Thich
Thich
Thich
Thich
Thich
Thich
Q

Thich
Thich
Thich

. Thich

Thich

Thich

9.273976153456-94

4.89831892168E~04
4.81676534145€-04
4,75503378191E-94
4,7155%5484560E-04
4.68522271438E-94
4.66730287491E~-a4
9.62630944950E-a4

4.18718%567627€~04
4.12417812877€-g4
4.87474760459E-84
4.83752036433E-04
4.01154959348E-a4
3.99620638996E-04
2.76478899685E-04

6.30276456306E-04
6,.40495875010E-04
6.32819182620E-04

6.27037€92911E-04

6.23004362762E~-04 -

6.20621522313E~-84
2,82925952983E-04

S.9990188370%E-084
5.89992505407E-24
5.82921123432E-04
3.773955066353E~04
5.73880206263Ek~04
5.71685253779E~-94
2.84244486270E-04

3.53148770638E-04
35.448235053006E-04
S5.38298979696E -84

. 9.333810834581£-04

3.39950137442€~-84
9.27923206814E~04
2.87232731174€-@4

5.0205262€073E-94

4.9458142771 1E-84
4.88574558403£-04
4.84110899824E-04

4.80996925774E-94

4.79137229318€-084
2.88787938229E-~04

4,8003643589€2E-04
4.7286564¢043E-04
4.67192893382E-94
4.629297232002E-04
4.59952002773E-94
4.381927980637E~04
3.05338741317E-04

3.37E80@22666E-04
3.32601095279E~04
3.28614689756E-04
3.25612436073E-24
3.23517982798E~-04
3.222806084964E-04
3.16947209815E-84

2.8%12€097157E-64
2.847774%2393E-84
2.81364239329E-04
2.78793671774E-04
2.77000371402E-04
2.75946512228€-04

Kot Ao HEBHGE M L] KR Mitl W BR

22

IFOKE 1657,132

-

IFRINT CHR$ (15)

]IST

10 HOME : VTAB 10: PRINT TAB( 5)"CALCULATION DF THICKNESS®: PRINT : PRINT

2% PRE |

30 POKE 457,132

80 PRY 9

100 DIN Ki3),PH6),RP(4)
150 FOR I =1703

120 READ W(Ij: NEXT |

130 INPUT “RHD=2;RM

140 PRINT : INPUT *MU=7*;M)
150 PRINT : INPUT *COEF. OF Q «7*;1¢
155 GOSUB 1000

180 FOR 1 =110 4

10 PHILL = 60 4 S0 (1 - 1)
180 RP{I) = PHID) o 31416 / 180
150 KEXT i

26 FOR 1 =1103

216 WD = WD)

26 FORJ=17107

2308 =MD / AN
“BM=1cs0
ZORESAERH LTI/ M
266 B0SUB 1100

270 GOSUB 1200

280 FORK=1104

296 IF 13 1.5 THEN 520

300 THIKY = (B ¢ 035 / (14.9 ¢ SR ( SIN (RPEKIDID) ~ .6

310 60T 33

20 THIK = (@ e« 30 MU/ (RH # 9,81 ¢ SINGRPOKID) ~ (17 3)

330 MEIT K
240 SOSUE 1300
350 MEIT I
ael REIT |
37C¢ ENB

1900 FRE 1: PRINT TAB( 8)*CALCULATION OF THICKNESS™: PRINT : PRINT
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