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i Appendix I

~ Calculation of Ammonia mass transfenk;;;{ﬁ

. APPENDIX .

. ¢

WL = (WL, + W3L32f+ m,
_’W1L1:='.~W2L2 + W3L3
WL7=_m(L2+L1)

.m = WL/(L1+L2)
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From Fig. a,for equilibrium
.wi L1=:W2 L2 + W3 L3
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From Fig. b,for equilibrium :
WL + (Wl-m)L1 = Lé(wa+m) + WBL3

= (WLy) + mL,



in this test L

;a>Ca1culation of COP (cycle cop)
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at Tmean 182.7°F K_

heat loss to surrounding

Q)

1+L2 = 9% cm
m = WL gm
95 :
W & Balance Weight (gm)

L. = a distamce from falcum (cm)

COP

s
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table 1 Voltage .

from

loss

Table 1 T mean
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N
* %
Qs
Heat from electric héater-heat loss

electric heater = Voltage x Current x time

241 Volt, Current = 1.37 Amp.
time V

]

2 hr{,

electric heater 241 % 1.37 x 2 kw-hr

241 x 1.%37 x 2 x 860.1 cal

567958.43 cal

k x Area x. T x time (hr)
thickness (in)

to surrounding

| )

182.7°C, Area = 4.872 ft° :

time

2 hr, thickness = 1.75 inch
87.8%F

1]

room temp

= 2,0
vermiculite = O+53¢Btu dn/rt"h"F

0.5% x 4.872 x (182.7-87.5)%2

il

1.75

280.939 Btu
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Heat absorbed by materials = Mass x Specificheat x At

Specific heat of steel 0.115 Kcal/kg®C

Specific heat of vermiculite 0.2 Kcal/kgoc

i

initial temp. of vermiculite = 31%C
95°¢C
Heat absorbed by steel = 6,72 x 0,115 x 1O3 2 96.5 cal.

]

final temp., of vermiculite

457542 cal.,

Heat absorbed by vermiculite = 3,0 x 0.2 x 6L x 103 cal;

; 38400 ’cal.
56795843~ 70796.6 ~ 74575:2 - 38400
384186.63 /cal.

O
v]
1

i

Effective cooliné () /= frém-data recorded during experiments
where cooling water 3000 gm was cooled from 5100 to 1°C

Q. = 3000 ®{51=17) = 150000/%a1,
' cbndenser‘tank 2.3% kg-cool. from 3i°c to TOC

vermiculite 1.8 kg cool from 31°C to 11°C

Qondenser = 2235 X 041151 10° %130 = 8110 cal,
Uermiculite = 1+8 X 0.2 x 20 x 107 = 2200 " tal.
9 ity = 150000 + 8110 + 4200 = 165310 cal.
Cycle COP = %%2%5%733 =bo;43'

cooling load
heat from electric heater

Machine COp

H

= 150000/567958

=0,264
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AREendix 11

Coefficient of Performance

When enthalpy of vapour, solution, and refrigerant may be
obtained from appropriate tables and charts, William have state

i
the following expression for the COP of the constant temperature

absorption cycle

P
-

iy
: 3 - : ~ COP = Qc/Qs
Qc = Weight of reffigerant at point
L, % mean latent heat of liquid
2 f
ammonia
L B PR D @1
Xe

Heat supplied during regeneration = Heat to solution before actual
' distillation commence + Heat
to solution only during distilla-

tion + Heat to vapour only

" during distillation

o
n

‘fwl

- h3H3 - W1H1 + W3 Hvdv W, |

‘r - ; ]

W, x Lm/(w3H3 Wyl # : Rvdv) | dn) -: :
5

cop

o\

Eg)(a) cannot be applied where values of enthalpy for
vapour and solution are not directly available, as is the case
for the NHB—NaSCN system fér which Blytas and Daniel has presented
the data in different forme. Blytas and baniel compiled P-t-X |

chart and also obtained a curve for the variation of the specific
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heat of NH,~-NaSCN solution with concentration. The expression for

3

Qs’ the heat supplied to the solution during regeneration, has
therefore been modified to make it possible to use the data

present in the charts,

In the modified form for k equal changes of 8W in the weight
. ? H
of solution during actual distillation process (2-3) such that

" 8W. = BW

1 = = escesen Swn = &W = EW

2 k

The corresponding change in the temperature of the solution

during the change swn in the weight of solution was Stn, while the

mean specific heat during this change was Cmﬁ

Hence heat to solution duriné temp rise Stk

-

= ¥ (Wk + w“ + swk) ch Stk

heat to solution during}temp rise Stk—l

= Yo (N 48U+ X8W +EW, ) Ci oy 8t (1)
heat to solution during temp rise Stn
g ) \ i s 3 2

I = ¥ (w4+swx+....s“n+l+w4+swp+.‘.,§wn)0mn5tn

heat to solution during temp rise Stl

‘ A 7 s i '
- k (Wh+SWk+-.o.6ﬁ2+W4+SWk+....SW) lestl
heat to solution during distillation dnly = (W4+6Wk/2)ka8tk+
\' 5 t o o0 j i + 1 '.'.; ‘;l
(W) +8W, +8Wy 1 /2)Cy, 18y +eowot (W) +BH +BW _+ +8W_/2)
' 1 ’ '
CmnStn+(W4+8wk+ka-1+'"‘+S“n+ Swl/z)CmISt1
(W, +88/2) 255 cn st vew Z 0 % cm_st
\ = +8W ‘4 5 -
4 n{:l mn..‘ n+ r=1 n=1 mn n
Therefore for the constant temperature absorption cycle
. n=KkK r=k~1 n=7v
. = - X = w
- Qe w303(t3 t2)+(w4+sy/2) n=1Cmnstn+sw Eix fix Cm St
n= -
4. Zrvi hd

n=1 mgswn



34

When using the expression'for the calculation of Q in an actual test,
it is generally more convenient to devide the change in welght of
which (k-1) change are all equal whlle the final change in weight
(ka) is less, ie ‘

8\-"1 = 8W = o.o-o. = SUn = ecceos = ka_l >> ka

o
W
2 . .
Sw. Mass of Solution
Wy, | R S
Bwy e b
bwp Fmmm——— e ML T [ W3

Solution Temp.

- ~Specific heat
i

E - Concentration Xa
Fig 11 Calculation of Q_ in an actual test.

Eg. (b} becomes

(W303(?3"t2))+((W4+swk/2)CTkStk+(W4+5W4+SW/2)

o
n=k-1_ r=k-2 ' ‘n=t n=k-1
il CrgnStn+Swr§l n§=1(:mn8tn )+(r§1 LdmnShn-rLdmkS‘hk )

. The second and third terms on the right‘hénd side representing
respectively, the heat to solution and to vapour during distillation
only, can be evaluated with facility by means of a table constructed

from data read off from a plot simila to Fig (11)

\ : ¢ )
The coefficient of performance (COP) of a solar cooling

device involves two coefficient of performance, one for the cooler:



(COP) = heat absorbed by the vavorizing coolant
heat supplied to the generator

and one for solar collector:

o=

(COP)H = heat supplied to the generator
g solar heat incident on collector

The product of these two (COP)s gives the overall coefficient

‘of performance:

(cop) = heat absorbed by the vaporizing coolant
solar heat incedent on collector ’ 3

Appendix ITI

The concentration for a paraboloid of revolution having a

éircular target.

M
The concentration is Q = Anm = 7 D°/4

‘A, T A%/
P C-"—'_Q_Z_ ®s0ee e o0 (1) 5
dZ

D ="ntf ecsrececosesos (2)

(The definition of relative aperture (n) is n =_%,

From Fig ‘2- Sin-q- = /2 = d o...o-(s)
2 T T

m

PEhS

1’m (2:821n ) ool

D =
. O o S
From Fig.12 _ lﬁl = V/Z; %ﬁ) X Xi{..(5)

The equation of the parabola with vortex at the origin
' y=ﬁ or X2 =L|-fy 0.‘.00000..'.0...(6)
Lt ' 5 ;
At the max position this become x = 4 f¥.. «e..s(7)

35
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Substitute in Eq (5) yield

Vis-y )2 + 4 1y, = V(£4y)?

l'l'n.z :
lm= f"'ym .‘..000‘.....(8)
lm = f(l+zg) ..........(9)
f
but from (7) y_ = X° veesessiX20)
m~ m
< L}f i
and n=D» =2Xxm
6 5
or .sz%f_'
10 beco 3, = n2 g8 <% AoA
16 16

L= £ (aS) 4L
16

Substitute (3), (4) and (11) into (1) obtained

'9 bec X

0.31:-)% = (nf)2 ‘ " X ooooo-(12')
d (£ leT+n2)(2 sinec))?
16 >

target

il

FYom ==7““‘--\\\\\N\
. xm*_D/Q
| : |
collector | : ym
| - X
| .
\ y .....
D ‘ - -

Fig.12 Paraboloid collector with circular plate tavget
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r 2 ]
from 12 C = n 00000000.0(13)
(l+n2)2(2 tsin%i)2
1% :
Maximum coﬁcentration at dc-= O
¥ dn y
dc =0 = 1 (_2n + (—2)n2(gg)
- (2 sing)? (4nH?  —518
16 (1+ _n%)
16
0 = 2n (1+p°) = Ln’
16 16
2n3 = 32 n 1
n = :l}
=l ig nomeaning T h = 4'
(-3
‘mas /> ~42 2 2
(1+4°)€(2 sin )
16
= ,; o 46,200 .
ginee:
_ 2
For cobtained maximum concentration use n = 4
£ : =D =D
design t .
_substitute into Fq:. (6) obtained x° = 4 x DX y = Dy
| I
the parabola curve, %" b Dy 4is give a maximum concentration,

In the case D = 4.5 ft

x%= 4.5 y  f£t2(for Di= 4.5 f£t)

x%= 137,16 3 cm® e 140y em®

use x2=‘140y cn® (for D = 4.5 ft)

\



Pressures psia

800~¢

500

200-

160

40
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! LOGARITHMS OF VAPOR
© PRESSURE VS
%y INVERS, TEMPERATURE
N ‘ &‘}.L
% ’1{5, .
| . | \ :
L0G P= 61404 ~11862/T _ 100% NH, oy
LOG P =59888-11579/T  734% NH,
106 P=157609-11062/T  684% NH,
LOG P =5980 ~10622/T =~ 608%NH,
L0G P-54693-10707/T  541% NH,
LOG P =65338 - 14869/T  463% NH,
LOG P=61476 - 14199/T  387% NH,
LOG P=55755-13041/T  342%NH,
3 2 a : 4 a8
Invers, temp. “(1/Kx10")

Fig.13 Duhring 's rule or Othmer plots.
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Table 1. Results of tests for NH3 - NaSCN at ammonia cencentration

50% by weight

Initial Weight of Solution

= 2000 gm
NaSCN = 1000 gm
N5 = 1000 gm
room temp ='31°C
Volt = 241 Volt
Amp = 1.37 Amp
vTime Sol.Tempe. Sol.,Press Ammonia cen- XR T cgoling wate:
(min) (*c) A psia) densed (gm) (%) (;6)
0 31,0 737 " 50 29.5
5 32 he2 - 50 295
10 3k TTPN - 50 29.5
15 38 88.7 4 50 20.5
20 bl o5 2012 | - 50 - 29.5
55 i .53 2 Yaan o i 50 29.5 ;
30 560 147.2 - 50 29.5
35 62.8 s & - 50* 29.5
40 68.1 189.2  31.6 49 29.6
45 2.1 1977 57.9 48.5 29.8
50 7h o2 201.7 92.5 47.5 30
55 277 205.2, 130.0 46.5 3002
60" 81.0  205.7 160.0 45.6 30,2
65  83.9 207.7 198.5 ko5  30.3
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Time  Sol.Temp. Sol.Press  Ammonia con- Xp T copling water
(min) (°c) (psia)  densed (gm) (%) (*c) |
70 - 86.7 208.7 225.0 43.6 30.5 .
75 8944 208.7 255 . 4246 30.5
80 ' 92.7 ! - 209.7 289.5 41.5 2§
R Y . 209.7, 316 406 31
%0 99.2 211.7 350 39.4 31.0
" 95 105 212.2  382.5 38.2 . 30.8
- 100 109.5 212.7 409.0 37.19  30.8
108 14 212.7 437.5 35.9 305
110 116.1 212.7 465 3449 30.2
115 123 214.7 490 33.7 30.0
120 129.5 2147 518 32,5 30,0

Table. 2 Results of test for NHs-NaSGN at ammoniam concentra-

tion 54.5% by weight

- Initial Weight of Solution: 2200 gnm

NaSCN : 1000 gm » i
N, : 1200 gm
room temp : 28.9%
Volt. ¢ 240 Volt:
‘Amp R 7 T
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Time Sol.Temp Sol.Press . _NI-I3 o CONe= XR T copling water
(min) (%) (psia) densed (gm) (%) (°c)
0 28.86 85.7 2 545 27.75
5 29 86.0 - 5145 27.75
10 3343 90.7 - 54..5 27.75
15 37.52 100.7 - 5l.5 27475
20 42.85 114.7 - 54.5 27.75
25 48,06 137.2 - 54.5 27.75
30 54,39 164 .7 22.1 54 .08 278
35 571y 14647 36.8 53.77 27.8
40 62 187.2 55.8 53,36 27.8
45 63.9 1947 8.2 52,74 2749
50 66.6 197.2 117.89 51.97 27.9
55 68.9 200,7 154,73 51.11 28.0
60 1.6 204 .2 184.21 50.39 28.0
65 7549 . 2049 229.47 - 49.25  28.0
290 76.3 206.7 263:15 48,37 28,1
75 78.9 207.7 297.36 . 47.44 28,2
80  81.6 209.2 335.26  46.37  28.3
85 85 209.7 370.26 ‘45.35 28,3
90 88.3 211.2 405 .26 bl 28 28.5
95 90.5 212.2 421,57 43.77 - 28.5 ’
100 9.5 213.7 ' 468.90 42,23 28.8
105 97.7 214.7 502.11 41,10 28.8
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Time Sol.Temp Sol.Press ' NH3conden

T

T cooling water

R
(min) (°c) (psia) sed (gm) (%) .
ne 98.3% 214,7 536.21 39.89 28.8
115 - 105.0 214 .7 563.16 38.94 28.5
37.70 28.5

120 108.23 214.7 594 . 7l

Table 3 Resultyr of Tert for NH,

NaSCN System
concentration 56%

Initial Weight of Solution : 2270 gm

NaSCN : 1000 gm
NH, ‘ 1270 gm .
room temp : 31.8%C
Volt 240 Volt

Amp : 1.34 Amp

at ammonia

Time Sol, Temp. Sol. Press. ., NH

CRT Py T céi

“(min). (%) (psig)  (gm) (%) (°c)
0 31.8 90,2 - 56 28.9
5 32 ¢ oo SR 56 28.9
10 3h4.6 9.2 - 56_ - 28.9
15 37.8 10y » 56 - 28:9
20 42 fag . D 56 28.9
251 b B - 56 28.9
30 51.2 165.9 . - 56 29.0
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Time  Sol., Temp.  Sol. Press. Ny con  Xp T cooling water
(min (°c) (psig) (gm) (%) (%
35 56.8 180 43 55.03  29.0
4O 59.1 193.2 80 5433 29.0
45 61.7 197 111.7 53.66 29.2
50 1G5 200,5 140 53.1 29.2
55 65.1 202.5 183.9 52,2 29.2
60 67.8 205 222 51.3 29.5
65 70.3 206.2 270 50.0 29.5
- 70 72,7 208.7 310 48.98 29.5
75 75 209.7 . 347 47.9 29.8
80 77.8 210.7 - 391 46.78 29.8
85 80.5 21l.2 430 45.65 29.6
90 83.6 ST 7 —— Ll 7 30.0
95 86.7 213.2 481 by, 1 30
100 89.0 2142 493 U332 30.5
.105 v91.7 214.5 525 42.69 30,5
116 95.1 214.7"° 561 41.48 30
115 98.6 216 589.9 | 40.48 30
120 10.1 216 610 5975 30

Table 4 Result of test for NH3-NaSCN,at ammonia concentration 58.5%

Initial Weight of Solution

NH
3

Volt

\

: 1410 gm,

: 2k2 Volt

: 2410 gm,

Na SCN

Amp.

room temp:

1000 gm ‘

36.5°¢C

t~ 1.37 Amp



L

Time Sol, Tempe Sol. Press. NH, Condensed X T co0ling water

R
(min) (%c) (psia) | 3(gm) (%) (°C)
0 36.6 124,7 - 30
5 36.6 W L e
10 38.2 132.2 B ’ 30
15 42.1 145,2 : - _ 30
20 he.6 = - 16437 | - ‘ 30
25 .. 53,6 - I837 el 30
30 55 1947 " 95.9 i TR
35 ' 57.2 201.7 . 105.2 56.7 30,2
4o 58.9 206.2 147.3 55;9 2 30.4
45 61.6 209.7 177 55.1 30.4
50: 62.8 211.7 223 Sh.3 3065
55 65.5 c21b.7 268.5 53.4 30.6
60 671 ' é15.2 310 52.3 30.6
65 69.3 216.7 345 51.6' | 3C.6
70 71.6 217.2 391 50.4 30.8
75 74 b - 218.2 -b23 k9.6 30.9
80 76.7 218.7 458 48.7 31.0 ’
85 79.3 219.5 97,5 42,7 31.0 -
90 | 81.6 21 %8 " 533 46.8 31.5
95 v a8, 0 221.2 563 - 45,8 31.5
100 87.1 - 221.7 600 by, 7 31.6

105 - 90.2 22347 629 k3,9 31.5
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Time Sol. Tempe Sol. Press. NII3 Condensed va T cewe
(min) (°c) (psia) (gm) (%) (°c)
110 93.2 22k b 662 42,8 .3L.3
115 9.2 225.2 690 . 41,5 31.2
120 100 226.2 - 716 k1.0 31.2

Tabee 5 Results of test for absorption process at ammonia concen

tration 53.8%

Time Sol. Tempe. Sol. Press. Actual Apparert n

(min) °. psia Xp Xg

(%) (%)
0 102,5 219.7 - ho.5 - 40,5
10 10040 204.7 : 40.6 40.6
20 94.5 185.Q 4o.8 Lo.8
30 85.0 161.7 ‘ SR
5] 778 ' 159.7 . . k3.3
50 69.3 155.0 _ . k6.2
68 61.1 1517 49.5
73 56,2 148.7 S51.4
96 47,2 143,2 55.3

yoi . o 45,0 140,7 | 57.6



Time Sol. Tempe. Sol. Press Actual Apparent

0o

(min) g psia Xp Xp
' (%) (%)
119 43,3 139.7 . ‘ 57.8

127 b2.1 " 13%38.7 giidag e T

shaking the absorber 10 times

133 . 66 120, 2= h3.6 | 43,6
139 63 8.7 45,0
144 _‘ 59 A | 119.2 : 47.0
260 48 118.2 ' i 51.0
164 53 117.8' 54.9
168 38 117.2 59,2
173 3h e .. 58,5

shaking tﬁa absorber 10 times

183 5247 109.7 SR T W
201 b7k i15.2 _ 50.2
205 39,0 115.2 ' - 55.0
209 38.0 1149 i 5640

shaking the absorber 10 times

0 48,5 90.7 46.5 : 46.5
255 b, 0 90.7 _ 48.5
260 41.0 ' 904 “ e 50.1

285 38.0 90.2 . 52.0



L7

Time Sol. Tempe. Sol. Press Actual ; Appargnt
; o .
(min) C psia Xp Xp
(%) (%)
280 30,0 90.2 57.0

shaking the absorber 10 times

L]

300 34,0 7740 | 51.2
310 31,0 > R T e HaBp

Table 5 Results of test for NH -NaSCN (ammonia concentration

3

0.535) at various rate of heat.

Test Rate of heat ' Total -heat Initial - Final Ammonia
No. input input Temp 'Press Temp Press (onden-

(Kcal/miﬁ) K cal %¢ psia OC' .psia sed

gma.

.

G } 1.57 568.1 31,1 89.7 65 192.2 521,0
2 3.5 568.1 31,1 89.7 109.k 199.2 “555.0
=5 4,25 568.1 31,3 89.7 11152 21807 578.1

4 5.30 568.1 31,1 89.7 113.3 229.7 . ‘887.7




Tablie ? Result of test at X, =

cooling water

48

0.50 for various temp of condenser

s.? Test Temperature Total heat

Initial Final Ammonia
No. of conden= input T P o 1 P condensed
sed codling : k cal °c psia °c psia Ele
water temp.
ol
1 27 567+95 31 73;7 1150 20542 530
2 29.5 567,97\ by | 73.%  127.5 21k.7 518
N3 30.0 S67. 9N E I 73,7 128.8 214.7 515
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Table 8 Results of test for NHEﬁ NaSC:N at various concentration.

Tast No, 1

Initial Weight(gm.) _" 2000
Initial X : 6. 500
Max., Sol, Témp. c) : 129 :
Max.,S§l.Press.(psiaJ —~ 2.7 =
‘Final X_ , 0,325
Temp., of Condenser (C) 29.5-31
Weight of distill(gm.) 518
Weight of distillatn.per / 0259
gm. of Sol. (gm./gm.) - ,.
Heat from electric':ﬂ?a; = 567.958
heater{Kcal.,) -

Heat to sOi.(Kcal.) 384.18

Effective cooling load(Ke¢al)150.0

Total cooling load,(Kcal.) =~ 16531

‘ka_Effeptive-cooling per gm.  75.0

of Sol. (cal./gm.)

Cycle cop COP 0.43
Machineesp COP 0.264
Absorption time (hr.) 13

Regeneration ¢ime,(hr.) ?

2200

.0.545

110

214.7

0.377
S 529

59

0.270

397.01
172.1
186.5
78.2

0.47
Oc 296
18

2270

0.560.
103
216.0

10.3975
29—=30.5

610

95%.22

369.21
178.05
193.45

78.4

0.524
0.322

20

2410

0.585
100
226.2
0.410
39-3146
716‘
0.297

970.3

2150

0.535
65

"192.2

0.386

294430, 5
221

374.3
151.1
165;8
70.3

o442
0.269
14



Name :

Degree :

VITA
Mr. Anant Poopiéut

B,Sc. (Mechanical Engineering),

Prince of Songkla University, 1972.°

50



	References
	Appendix
	Vita

