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» An absorption refrigeration system with a capacity of

50 000 Btu/hr {14.6 kJ/s) is designed, The use of
]

lithium bromide as the absorbent necessitates having

-8 heat source for maintaining the generator at s minimum -

B
ey,
.
o ke et S

- temperature of 180°F (82.2°C).. The lower temperaturc

( I ‘ ’

limit of the system is set by the eveporator ‘requirements.

i covai
.

A design value of 4O°F (u.hOC) is used becsuse water is the

refrigerant. A mass and energy balancé is made for a suiteble

range of generator temperatures, The thermal design as

well as the-sizing .of heat exchangers is made to accomodste
i

4 b e e

this temperature range, ; ,
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NOMENCLATURE =

»

’ C o Lo .
A Areas, fte, (m?). , ‘ : I
a Area, in°, (cm?)
“ 2 ; .
‘ay, Flow area of a-single tube-in (cnﬁg) , '
‘ ' o r<:, s RN
¢ Specific Heat, Btu/lbm "F, (kdJ/kg C) - . S '

e,
) <

x ‘LMTD, difensifoneless

Y

. 3
d Diameter, in, (ecm). }

F Témperatﬂre,difference factor, t=‘Fﬂ
f Friction factor, £t2/ \in'i} (em?/en?)
2 (kgsfs W) .

-~

G M}sm vmelocity, 1bm/hr £t

.
-

r \?1— . Co ) )
G" Condensate loadin® for horizontal tubes, lbm/hr ft, (kg/Sm)
h Film coefficient , Btu/ft?hr °F, (ki/m° s °C)
"h  Enthe®py, Btu/lbm, (kJ/kg)
) :

t
hey Ty

correéted to the ingide surface an cogrected for ,
dirt factor, Btu/ft° hr °F, ( kJ/m" s C)i :

g t " . f
. hf‘ ]‘{;ﬁt transfer coefficienf on. fin sade corrected for

t factor, Btu/ft> hr °F, (ki/s °C) S , .
'.hio'Inside film coefficignt rgferréd tg pugside surface, Voo }
. hix Ai / Ao ’ Btu/f‘t‘ hr "F, (kJ/m~ s ~C) ,
Jh ‘.Heat transfer factor,‘ dimensi'onlless . ' )
k¥ Thermgl conductivity, Btu/ft hp Op y (kd/ms OC) ‘
L““ﬁigtf\nce, e, (m) ‘ ' . . L.
1 Dist.arice, in, (cmf} ' | 7 ,‘}
M Mass' flow,lbm/hr, (kg/s) o
m ﬁdss fMow ratio, 1bm/lbm H20; (kg/kg HZO) :
~ N Number of tubes, diménsigniess ‘ E AN } p
o - , o v A » |
3
/ - S ,

- . . - W-m-ﬁ‘:"" .
‘ .
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e .
4

P

P
P

Q Heat flux,'
R

R

Wml) -

Pressure,lbf/inz_,
.Pressure, mmHg, (ﬁ/he)

%, fs/hr, (kJ/S)

F/Bt 1,

(mz)s

Fouling factor ft hr °c / xJ) -,

‘-t

Température ratio k T1 -'I'2 ) )y dimensionl?ss
Re Reynolds number, dlmengionless (
Radf,s, in, (cm) ] M
S'Température ratio {ty = t7 )/ (Ty.= t5 ), dimenqibnlésé

T TeMperature, teﬁb reture of hot fluid in heat transfer
g

caleulation) “F, (iC) ’ . .

t empegature of cold fluid in heat transfer calculations %r
y (7C) \ H
— LY 2
Coefficient of heat transfer, Btu/ft? hr OF ,(kJ/n°. s °C) 3

iy
Velocity, *ft/min, (m/s) Eic
v Velocity, Ft/sec, (m/s) O i K §'

e
iy
e i,

Specific volume, £t3/1bm, (m3 kg)

v .
X ' Lithiun-bromide welght fraction % . = . 3
T Dynémi; viscosity, lbm/ft hr, (Ng}mz) }
n Fin'efficiency, hy / h, , dimensionless - .
P Dbnsj;sy , “1bm/£t3, (kg/m3) I | S
B Expansion coefficient, 1/°F, 41/%) \ 5 '
Subscripts k \?TT\\\ | '
. . . A
a absorber ) “ .
b base f‘ ./ ' a"ﬁ - -
¢ condenser . . . - ﬂ
= &
AN .
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Fig.l Lithium brom;he - water absorption
system, block diagrem.

' for case B.

: Figa 2 Enthalgy. concentration diagram
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\

Fig. 3 Enthalpy concentration diagram

¥y

Fig. & Lithium bromide - water absorption

for LiBr - water,

qug.G; Dimensions of rinned tubing.

system equipment and: piping -

diagram,

LY

Fig. 6 Temperature chart for case C.
N‘

Fig. 7 Bundle apd head configuration of -

heat exchangers.
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Table 1 Thermodynamic properties of refrigerant 10

-

-

and absorbent. y

Table 2 Heat reqpirements of components.
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‘1  I:NTRODUCTION
\ v L}

. .
- v . * ” - A .
)

N - - .

v | . " Operation of the abeorption refﬁgeration‘é}stem ds,

¢ based on the principle that ‘a chemical *substance can

N )
. attract large qu{ant{tie“éqof the vapor of anothex, at .
rot 8%

relatively low temperatures. In the prgposedhsystﬂem

g . .
T water ie “the ref‘rige&eanht and ¥ithium ‘bromide’is the

o ‘sbsorbent or carrier, ) - . _ *
- ,‘ . . '
S v \ 1

' «
- [y ' ‘ al

L

N \: L ( The absor/ption system operates in a manner simila.p to

~

\ the mechaﬁlcal vapor compression cycle in {ts use of a
-, N . a T
" ot C . . rcondenfer, thtottling valve and ev‘aporq.tor with the

o & L 4
. £ exceptfon that. ﬁhe mechanical vapor compression process
4t 1 , Y - ) i I
" is replaced hy an absorber and‘generator. e »

' -
- . o
) ° -

L , ,In fig.l- the rerrlgerant at ' is. throttled to wet .

;( S ‘ < vapor and a loweg preSsure at @ Vaporizatlon takes .

s place in thewrator Wuce the refrigeration )

; - =~ gffect. /fhe cool (vapor a? is abs?rbed into the /
\1ithium bromide carrier in the absorber where the latent

. " heat of the refrigerant vapor and heat of chemical reaction

» .‘\ . 1s. removed by cooling water. High concentration lithium

ak’ bromide enters the absorber at @ to replenish the am

supply. The:‘lhixti;fre of the cax&‘ier_ and refrigerant is




7 /'? 3 AN k «/ ; v
S | ‘ s ey .

,tﬁen pumped into the gene?ator '.at a_ highéwessur‘e at‘a@ .

‘ I\ the genera};or s high temperatﬁré source is necessary . &,

-

L t,o' eparate the refrigerint from the c\prrier‘ Puré_ *
Lo .

N

. . 4,'
B U refrigerant vapor at @ f]t'ows to the condenser where it

. T .
. becomes liguid at while giving off its latent hegt.
! Tﬁe remaining carrier in the generator flows back into

-9 ‘ L ° -
the absorber at @ « A heat exchanger between;the \

e, .

-carrier and carrier-refrigerant serves to economize energy.

-
- [y - . «

. n " The/ refrigeration\ capacity of ISO 000 Btu/hr (;h.b kJ/.?)
‘ makg the system suitable for use as a large r;sidential
or small commercial air conditioning - hnit.'f The generator
( ' , / " heat requirements may be sat;i‘sf‘.’red b§ a large f;at plate
so}/ef?bbollector working under optimnﬁnditions. The b
‘ho°F (4.4°C) %{app'm‘ator temperature frepresents a practical
lower 1limit imposed by thg use of water gw refrigerant, N
J' ) The QOOF (32, 2 )’abso;ber outlet temperature and the \
110°F (u3.3°Q.) condenser temperature ‘rexzresent practical «\%
“>. "@esign values for g system of‘t:,his type. The latter
— deter;ni;xe.s the “condenser and generator bressure. A
‘i , - ."looF‘tS.(:?C) approach ;,ig used at the low end of the liquid
{ " heat exchanger. @ﬁ’ . \ -

¥
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lCONDENSER | > GENERATOR
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»  LIQUID HEAT EXCH.
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+

7 THROTTLING
VALVE

®@- . RECIRC. REGULATING
: VALVE \ VALVE
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ABSORBER
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Fig. 1 Lié\ium,Bromide water‘absorption system, Block

Y

diagram,
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2 MASS AND ENERGY BALANGCE " ' : i
- N o ’ . ‘ - 4

A

.2+1 GENERAL REQUIREMENTS

Refnigqgntion capacity: 50 000 Btu/hr (1L.6 kJ/s)
quporaton temperature:  JOOF (L4.44°C)
Absorber. outlet tempernture: 90°F (32.2°C)
‘Condensen temperature: 110°F (h3.3°9)
Generator_témperaturez 185°F (éSOC)

2.2 ASSUMPTTONS

A 1. Refrigerant and asbsorbent phases are in equi 1brium
at>the above points,

2. . Pressure at the evaporator and condenser d
determined by the vapor pressure of "'waterl

3. “Pumning work'is~nekligib1e. \\'

ke Pressure losses across piping and heat exchangers are
considered to be negligible for the mass and energy

balance. . / ~ .

4

5. Temperature change across the regulating velve is-
negligible, . ~ e

6. Heat transfer between equipment and surroundings is
negligible, ‘

2.3 ﬂERMODYNAMIC PROPERTIES ‘ ‘

! With reference to fig. 1, flow of refrigerant is assumed
to be unity. .

‘\

W7,= Mg = Mg = Mg = =11 0 S (a
\Weighqdkraction of sbsorbent :- ' '
X—, . XB > X; xlo =, 0%

N

-~
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Evaporator conditions: ( refrigeranb)

s Ty = = 4O°F (L.L)° c)
' ‘vapor pressurq- P4 6 290 mmHg , (836 N/mz)
e A . (ASME steam t les p.-88) .
| 'p3 =P T Pg =Py o s S e .
Enthelpy: h, = 1079 Btu/lbm (2510 ki/kg) .
A ; o L (ASME,steam tables‘p. 88)

- i .

’ Absorber conditions' (Low concentrhtlon absoyrbent ét
6. 290 mmHg)

Th =1Tg = 90°F (32 29)
. Weight fraction Xh 55~2% _’ » (fig. 2)
X, = Xg = Xg " ‘
‘ Enthalpy.hh = -75 5 Btu/lb (-175.6 kJ/kg) -
| » (fig. 2) -

T

o

- ' hh = hg , . (assumption 3)
. g . . i .
: Gonden§er conditions: " _ o .
Ty = 110°F (43, 3°c> ' , oo
‘Vépor pressure' Pg = 65 9l mmHg (8770 N/m2)
* + (ASME steam tables P. 88)
| .m. '. Pl = .p = ps = p6 = p7 = pB (Assumptiop I-‘.) - '
: . Enthalpy hg = 77.98 Btu/lbm (WBueI/kg)”.  ~ 5
(ASME steam thblea P 88)’
hq = ha ’c

Generator conditions: - ' o o

. . _ - = 0 - . ) . .
\ T, = T, = 185°F (85%) . N ~




Enthalpy of vapor: h, = 1140 Btu/lbm (2646 kJ/kg)
¢ : (ASME steam tebles p. 86)

~Weight fraction:(at 65,9, mmHg): X, = 58.7%

& (fig. 2)

X, = X = X3 y

1 []

Enthalpy of mixture : h1'=~-31.5 Btu/1b (-73.2 kJ/kg)

(fig. 2)

n

Enthalpy at X3 : h3 =70 Btu/1bm (-=162.6 kJ/kg) -

(fj\-gcf 2)

- ) ' . ]
h2 h3, :

Heat exchanger}

P
T, = Ty + 10 = 100°F ( 37.8%)
- N

3 T, (aqguMption 5)

2.l FLOW _AND ENERGY REQUIREMENTS

~Generator material balance

4

T e

mlx1 = m6x6$;
comXy o= (my 4+ mo) x6i

‘m =nm, (X,) .

1= )
X -X6),

1
.l'x 5502
ml—= :
" 58.7 - 55,2,

m. = =
) m m

3

1

s

= 15.77 1bm/Ibm H,0 (kg/kg H,0)

]
»

Mg = my +mp = 1% 35,77 = 16,77 1om/lbm Hy0 (ke/kg Hy0)

/o~

o et Ak W Yk




P =g

s A T PPN R STL WATIE
B

13

-
mh = mg = Wé

Heat exchanger energy balance : °

mShS + mlhl = m2h2 + mépé

~75.5 + 15,77
16,77
-\-39*}0 Btu/lbm (-91. 25 kJ/kg)

Temperature at hg n)\ ¢ * Tg= 16L°F (73. 3 °c) (rig. 2)

( -3015 + 70)

Flowrate of refrigerant (water):

e

<~/)“10 = agi - 50 000 = hi.95 lbm/hr

hqa - h

o 1079 - 77.98 (20,39 kg/hr)

Flowrate of low concentration absorbent :

My = 15,77 x 19.95 = 787.7 1p/hr (357.3 ke/nr)

4

Flowrate of high concentration absorbe;é»\
h = 16.77 X 119.95 = 837.7 1b/hr ($80.0 kg

[

9

\
T

Generator energy requirements:

Q, = Mh, + M h

s

[




ey

_Condenser. energy requireméents :

\ e ———— s Ao m e e

Ligquid heat exchanger energy transfer :

-

= (19.95 x 1140) + (787.7 x #31.5) = (837.7 x =39.3)
. ,,65.100 Btu/hr (19.03 ki/s) / ' ‘

~

Q7= M, ( hg - hy) | »
= 19.95 ( 77.98 - 1140)

’ = = 53 000 Btu/hr (=15.5 kJ/s) 4

Absorber energy requiremehts can be determined by assuming

that the net energy input to the system must be zero. -

‘Qa =Q - Qg - Q, (Assumption 6)

= 53 000 - 65\90 - 50 000
=2 =62 100 Btu/hr (-18.2 kJ/s)

|7 W

787.7 ( g3l.5+ 70)
30 300 Btu/hr (8,86 kJ/s)

n

-

- =Q _ 300 = 0.768 ,
Q 65 100 | %

2.5 GENERATOR TEMPERATURE VARIATION

~

Results of mass and energy balance for five generator liquid .
temperatures varying from 175 F to 205°F ( 79. h C to 96. 1°C)

are shown in tables 1 and 2 . The tempevature of the

Coefficient of performance : l ] ) J:::>
CoP ) ‘ ‘

PP R T

P




et

©

~ fluctuations especially if a solar collector is used'as & -;1

generator_heat source is most easily auﬁﬁect to

source of heating water, The generator liquid tempera-

ture determines the mass fraction of the liquiad leaving the
generator and consists of high concentration absorbent

C) () () while the absorber outlet temperature, being

kept constant, determines the weight fraction of the

low concentration absorbent @ ® @ o The lower

the generator temperature the smaller tHe difference

between the two weight fractions and therefore the higher .
the flowrate in the absorbent streams, With the data . i

ﬁresented, an absolute limit would be 172°F at which an

infinitely large amount of absorbent would have’ to be

circulated, A practical design 1imit would be

~

“apprximately 1B0°F ( 82,2%), -

Lo

the liquid heat exchangef vhere the heat transfen requiremente

increases greatly as the generator temperatura approaches

its critical low point.

. i . \ Lo
(J( : " 2
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3 MECHANICAL AND THERMAL DESIGN _ : .
) P ."'J . . »

N .
0 kY L4

a

3.1 GENERAL - B

Y

.Design will accomodeﬁe temperature and Heat flow requireq
\

AN

the purpose of reducing pumping requirements,

the,gvaporator and absorber *haye the same wor*iné pressure

ments for case B t¢ cese‘E\es given in the mass and energm.

ﬁ'balance. Flow velocities are kept as low as p0331b1e for

k1

it is practical to combine their functions ié\a single

. 5
vessel, In"q;similap maﬁger both the condenser and genera-

. . -
tor-are combined in one

ﬁéat transfer betweefh vessels and.the'ambient eirxis Y]

}
shell as_shown in™fig. 5.
\‘ \” *
. Lo y

- - .

assuﬁgd negllglble. The foullng factor’ used fhroughout .

— " \

will be 0,0010 ft hr F/Btu ( O. 176 m C/kJ).

-«

. ‘ ' ‘)’If

Properties of lithjﬁm bromide a;e takeﬁ~froﬁ reference’

(6) ﬁheﬁ,possxbie end estimated from the properties of

sodium chloride which is similar chemically to LiBr.
- The properties required are; thermal conductivity,

viscosity, spepific heat and density. .t \

M

a’

»
.

ot

Because both

R S N N S I S T
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A Y ,
' /ééhqd. 4O IPS tubing with 1 in (2.5ucm) diameter fins !

16
: %
- ‘§§
o AS
3.1.1 _Tubing ¢ Y ﬁ_
JDesign will be based on sched. L4d of a nominal pipe size .
...of 1/8" with an 1. D.Rof‘0L269;in#LQJ6833 cm) and san 0.D.
of 0, uos in ( 1.029cm). ) v
Tube pitch is square with'é spacting of 1.5 x the outside N
diameter which gives a tube piéch of 0.6075 in. (1.5h43cm)
Equivalent diameter: + o
d = ’ L = ] . h .
e - S o =
d, , o .- 5 x 0,405
| S— - J—"‘ b
: .- , i
= 0.755 in (1.918 cm) B j
~ _ v . :
[ - .g
3.1.2 Finned tubing 3 . {

. As is the general design practice is to use finned tubing
in the application of finned tubing to air or gas applica=

tions.  Where necessary design will be based on 1/8 in 4 4

g ¥l .
having a thickness of 0.035 in ( 0.,0889cm). Spacing is at f

T

8 fins per inch as shown below.

| ~ 0125 v (03175 )
(901{)395 r‘"{ L— 0.035 (0.0839)

A g

° 0.2915
aso | j(oawow) . | .
27) - TommE SN - _
( (0.3473). I 0.13u5 (03415)

>

\ Fig. L ‘Dimensions of finned tubing,i?,Lgm)




Y
/T L
—— F?Eﬁﬁfffi_ﬁgzggz ( 12 - O.hOS2 ) x 2 x 8 12 =126.1 in /ft
' - T e ———
- , N . - 2
\ .o - = 2669 cm /m

e -

‘ . 141
' :;:> Bare tube area : 1 x 0.405 x 0.99 x 8 x 12 = 10.99 inz/ft
: = 232,6 em’/m b
Totél projected perimeter: 4

N

' (0,2976 x 2 x 2 + 0.09 x 2) x 8 x12

131,5 in/ft -+ . - ,’
1096 cm/m - /}

i

'Equiyaleqt diameter:

d =2 (Fin area * Bare tube a;ea) o

(Projected perimeter

. ) (Kern p. :554)

S
= 2 126.1 + 10.99)
131.5
’ ' 0.6637 in = (1.686 ~
« = 0. 7 in = (1. cm) .~
= 0,0553-ft = (0.0169 m) - (Li;
3.1.3 Hesb tr¥ansfer - AN
i S
’ Forced convection film coefficients are obtained from a . -
-

é;%phical“representation of the sieder and tate correlations

which.give
s

féb streamline flow.

| | . / | 13 . 0.l
. = “ R N
! ’ . k ' ' e k 'L M N
; ‘ "‘/‘ B , T -

For tuqbulent Qlow: .

& e T
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’ ;" N
M ) o C ' ¢
‘ o T v
( ‘ S
h D/ . - m OQB Ai# 1/3
Ak .
, K /A (R .
4 \\\\ These are comggned on agsingle pair of cqprdingtes\bfth the o
i ordinate /\ o co . . i "
| . , , -1/3 ‘ ~0.1} (
S “p (N =
& ) . k Kk g ' ‘}‘w '.' .
plotted against values for(DG ) ‘ - \
. (9 - . "
T tAR : ¥ \ ‘

The film coefficient for free convection outside horizontal
»

‘tubes is determined from the eqt/xation

:' . ) .‘ 0.25 ,
E ( S ke Pt °r (’? N ) : , \\'
g ‘ | h, = | 116 : )?f» a ’ |

(An aligpment chart for this equation imld)

>

..

P
~

ey ‘\ Ait};od%h this equation is intented for a sifigle tube it
' is assumed that the clearinglbetween tubes of a half tube
~ -~ alemeter still gives sattsfactoryresulter —
o Natural circulation film coefficients are ¥btained from
; " a curve showing the relationship between h and (At )
« I‘rom Kern [4, pe-474]. _The £ilm coefficient f‘or”ﬁ(oiling
‘is considered to be 1ndepe’ndent of the velocity and

dependent upon the temperature difference between the tube

wall and the saturation temperature of the Roiling fluid.

v
M \
“~

C -

-
\




.

The congensatiqn £1lm coefficient for horizontal tubes ~

is calculated using a correlation'derived ‘in Kern [u, p. 266]

[ T . R
1/3 L
) 2‘ " s -
h v )‘f 4 , - 1.5 hG .
kf'3/°f‘33' . Pf . S -~
" The velue for condensate loading g = —~ is .

— , X | L(N)I/B " - .~

Al

empirical and applicable for horizontal tubes in bundiles «

where the occurence o}'splashiqg.or condensate OVBT\Fu00984 ,

. & .
@ive rows of tubes requitres a di fferent value for loading

than. for single tubes. o . o -
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_ COLLECTOR .
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i (; " Fig. 5 Lithium bromide / water absorption system equipment
' and piping diagram
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. 37 8 (93 M)
I
.
N ] CONDENSER
Tl &
1L}
o 4w (115 em)
- : ]
-
; GENERATOR
| .
. - st (129 tM) .y
MEAT EXCHANGER [ |
" , w : %}L N
\f/r 2N SPACED BAFFLES l [/ / |
. - Ho |

7

3N (86 M),

A —r
A g ABSORBER ———{
! ' ]
: ‘ |
; I “I[-
5 ”5‘}‘5 (TYfQ 3718 (94 (W)
o § X_r-f Al
i - M EVAPORATOR
N ’ :
: ( ’ N FLANGE TUBE BUNDLE flp

- 'Y

P L i

-

| , Fig. 7 Bundle and head configuxntion of heat bxchangers
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3

- ' 3,2 EVAPORATOR COOLING COIL

The cooling coil transfers heat from the smbient air to

o

i \\ . "the evaporator to produce the air refgigerafion effect.

Direct éxpansion of the refrigerant in an air coil is

X avoided to allow the evaporator and sbsorber to be in thef .

'

AN

s ARPI GE HMINE AT SR L e D

K ‘ samé vessel, In,this design} water is circulated bétween

"fhe‘forced convection air cooled coil and tbe tube‘side

of the evaporator, The coil will be of the finned type
and gill utilize a blower or fan, Coil siiing will be
based on an sir temperature drop ffom_?SoF to 65°F ( 23.9°C
to 18.3°¢). .- | , |

g
.

-

*

% e it
4

. 3.2.1‘ §h§ice.of cooling water temperatures

- _ .Heat transfer surface area v?ries inversely with the

‘ log méan temperature. The total average temperature
differencg available between the hOoF SM.LOC) evaporator
‘temperature and the 70°F (21,1°C) average air temperature

is 30°Fr(16.7°C). Assuming that a larger LMTD should be

made -available for heat fransfer in the evabthtor and

that heat "transfer surface on the cooling coil is half

- ~

the cost of heat transfer surface inside the pressure

! 1

vessel shell of the evaporator,'the average circulating

temperature would be: .

¢ .

t =40 + 2 (30) = 60°F (15.9°%) with-a At of 10°F (5.5%)

«C . ’

e

for the cooling water..




i T, = 75°F (23.9°C) ngh temp. t, = 65°F (18.3°C) 10°F (5.5°C

Hot fluid ' Cold fluid

e b B s e =

T, = 65°F (18.3%) Lower temp. .ty = 55°F (12.8%)  10°F (5.5%)
10°F ( 5.5°C) Difference 10°F (5.5°C) :
|
f
LMTD = 10°F (5.5°C) |
’ i
Tl - T2 ' 10 ¢ . . !
Rz e = S =1 o . .
t, =t 10 , : : v
_ tar by _10 0.5
—— S——— d - '/ , .
'le_ ;1 20 o . .
assumihg that both fluids are unmixed because of fin arran- -
gement v 3
F =0.91 . . (Kern, Fig.6.,17a)
=10 2 0.91 = 9.1°F (5.05%) - - ,
-

“ . ' . /I 4 } >
3,2.2 Air requirements )
Mz _ 50 000 "= 22 000 1bm/hr (2,77 kg/s)

e t : 0.25 x 9.1 ' ' :

CFM =mx ¢
a

»

22 000 3:413-3 = |;880 ft,3/min (2.3 m3/8)
. 60

- . »
. ¥
where specific volume of air is 13,3 ft3/lbm . /
) (Jennings_p. 88) /¢

assuming a coil duct velocity of 500 ft/min (2.54 m/s)
(Jennings p. L428)

X

A A Y
i L . . Y TR
¢ . n 1Y ‘ .




°

-

T Totsal face area: A= CFM = LBBY- - g 76 ftz ?

, v 500 o .
N ) N (0.9067 m?)
usinga3ft13ft(091b,mx091b,m)ducﬁ e’ .
for the’ coil would require a velocity of €410 ft/min -~ L4 '\‘i

(16L.6 m/min) which isuacceptable. .

. area with 36 fubes spaced at 1 inch $n 36 in x 36 in duct

3.2.3 Shell side

-0u05x36x36 0.2’97Sx210035x8

a_ = 36
8 x g6 x 36 = 555.2 in* = 3. 86 £t ~(0.358 m?)
D, 0 0553 v ( 0.01686 m) (previousct/ﬂculation)

-

22 000,
Gy =- 2 e——— = 5700 1bm/hr_~ft? 7.7k kg/s n?)
a 3,86
8 . >
Réynolds number *- ‘ . :
Re = = ' 5’ 3 oo ‘
P 0,0L431 o !
wherep = 1. 82 x 10~ 6 Ns/m2(0.0431 1b/ft hr) for air . at
o°F (21.1%C) (Kern p. 82
¥
Heat transfer factor: B
jh 257 ' ( Kean PSSS) K . . ?j"'
Prandtl number : ‘ L , q
(C p )73 _ (0,249 x 0, 01;31)1/3 = 0.896
k I ¢ I Olb,? \ ‘

' where k =\0. 01h9 Btu/hr £t °F (2.57 x 10 -5 kJ/m 's °¢C)
, (Kern p. 801)

- .




al

o = 0.249 Btu/1b °p (1.04 kI/kg' °C) (Kern p. 805%

where

- coeffiflent of heat transfer: ‘

hy = j(._‘S._) ( c )1/3 |
D ‘k } . i
9 —_— N ! . e

‘57 x 0,0419 x 0.896 ‘

T 0. 0553 _ , : '
/ft hr °F (0.00782 kJ/m s °¢c) ‘ i
|

1308 Btu

&
Corrected heat transfer coefficient :

! PR .
hy' - . 1 - i

1 +0,0010 ,
AN

———————
*

13.8

~

=.13.6 Btu/ftz. e ©F (0.0770 k3/n° .8 °C)

" Corrected for fins (steel)

{Kern p. 542)

k = 26 BEu/ft hr °F (O. o4l9 kJ/m s °g)

calculation of fin efflciency :
13.6

(p_-1.) |[D > '
e” b gl — (0.5 - 052025) oot ,
r, -2 26 x 0.001L46
= 0.469

- o~
r ‘ 0.5 : = - N
__"-e - = 2.47 ] }‘: e
rb 002025 o ’

1 B t ’

Fin efficiency : , ,
n =0.89 (Kern p. Sh2) = . h
', 1 0 e

g = (Shg + A ) Dy (Kern po 520) -

5
‘r LIV |




Edahate 2SR

B T oo S e SN .

oo s e

q.
R RN s i v,

k. At

o+

"13.6
) Wl bk 10,070}

. - ' : A J
/-: 165 Btzu/ft2 hr °F (0,935 kJ/m2 sog),

where Ai =0.269 x - [}

(0.89::126.1 - . 10.99

!

0.0704 T2/t

R V- )
~ 3.2.4 Tube side“ ) . .
‘TC Water gircuiation requirement : .
* . ” o g
. B Q 50 000 , . 1
, M= ———— = 12 = 5 00Q. lbm/hr . : 3
: c At 1,00 x 10 ‘ ';
i

. (0.631 kg/sec)
- where ¢ = 1,00 Btu/1b °F (4.18 ki/kg °C) - « 5

-

(ASME steam tables ps 278)

y Water can be carried by any number of. banks, Utilizdtion L
. -____J ® ;‘
. of all banks would result in an excessively low velocity B
\.v:l.j;l‘x'qéat correspondingly lower film coefficient. The pressu- ;
- 4
re drop encountered with a single bank is acceptabla.
. - o - N . -
With one bank of tubes: - T )
at = § x 0.2‘692' x3% O 2 2 *
- = 0,01421 £t~ ( D0.001320 m~)
b ox 1y ' .
velocity: . - o L.
N ) -* ’ . 1 s
" Mv 5000 x 0,0160 <
VF e } - . o~ . :
. A 3600 x 0,01421 - a - .
* = 1.6 ft)seq (0.1].87“;;/83'0)
/‘\” o &
| |
: - DY J 5




28 ' .

) . - N
L \ , )
"
Mass velocity . _‘;;'~ L o
Gyr=w 5000 = 352 000 1b/hr £t° (478 kg/s.m’)
N .8y 0 0.01421- -

A »

Reynolds number

N ‘ Re, = DG _ 0,022} x 352 000

P & t = 2780 y .
N L8 S
b : 2.
;o ‘ where }L== 2.8l 1bm/ft hr (0.000120 Ns/m)

' (ASME steam tables b.'280)

[

'
i

Heat transfer factor :,

!

-~

§ L = 6.2 - (Kern p. 83}4) :
> - Prandtl number at 60°F ( 15.6°C) 1 " "
. y1/3 g 1 :
(e m ) = (8.33)'3 = 2.0 '
K . |
¢ A} ’ . . ’
¥ . (ASME steam tables p. 282)

Coefficient of heat transfer:

L , /3. . S
‘Ahi -‘ jh(k )( c N ) 3 ‘ p 4'-\5
pe k- | - .t ) \(f

| ' = 6.2 x 0,344 x 2,02 C 3
% 0.022)
H - 3 ; 2N, - / °
b _ , -3 o: , 2 o R 0 \
i , = 192 Btu/ft“ hr F ( 1.09 kJ/m“ s °C) SRS
‘ where k = 0,34l Btu/ft hr°F (0.000577 kJ/m s °C)°
S S (ASME steam tables p. 261)
. . - -» o .7
. T e o L
C t v R
RERIE \ v




Corre\:ted coefficie P . .
S e 1 . A 1 "= 161Btu/rt? hr °F
. ”‘ N 1. 1 N \/—*- 1 o H
. ¢ + R K . +» 0.00]’;‘0 -
e Ty SNTT I - ,
‘ - . . - \.‘ . 0 | (0.912 kJ/mas OC) ;
" - " ' gt '4.‘ ~ o ;
» , Yy , ‘ v ~ .- __/__4
- - " 3.2.5 ’SiZingE v g o e
- . 4 . l : . 1 . ls
&’ ~ “ = = .
v . - : 1 + 1‘ . 1 + 1 . ) * . 3
. ] ‘7 . ’, ~ 4
. , A U< S 61 165 ' 3
= ‘ - = 81.5 Btu/ft° hr °F Wsu kI/m® s °C) ]
0 . , . v :
é o insidg surfage required : . i : i
s : \ + 1
. . h
- A= = 507000 = 67.4-£t° (6.26 m°) -
Ut " 81.5 x 9,1 :
- o inside surface per bank : o~ ) ) %
| 4 N . s ; 3
e AE029 xTx 6236 —gle e’ (0707w
S ; . T . ' 1'4 . ,‘ :
".e.:lg: ! * , J ' A . . i
‘o . number of banks < .o .
) . . s
@ N = 67.4 = 8.8 banks .
‘. \" o
: o~ 061‘ . h‘ <
. Q\ 'f ’ ? i ) ‘n , " P4
v assume ten banks to allow the inlet and outlét to be on
- - 5 . . - * . . B P ) '
- the same side. N *
; . . z B - \
f L, N ) . R W e
- ' N > J
a o -~ ot
RN . 3.,2.6 Pressure_drops , _ g
. U 77 - £=%.000405 at Re 2780~ . (Kern-p. 836) ' .
. . \ ' [ /
A . 4
‘. L [ 4 . R
Ceo, - . ~ i 3 - B B T i
! / \ «




2
t

5,22 x 101 D (Kern p. 1U48) ’

C »

Ln : e—

- 0.0004,05 x~352 000 x 3 x 10

o

"5.22 x 1010 x 0.022L
= 1.29 1bf/in° (8880 N/m2)

————————

wl‘re‘r'e”{) = 0,269 = 0,022l ft
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3.3 EVAPORATOR P

AN ' / |
S 5 L
3.3. ;\<EENéRAL B .

The evaporator is supplled w1th 5.000 1bm/hr (0.631 kg/s)
of water from the cooling coil st 65°F (18.3°C). The .
.w;ter leaves the eva ator‘gt 55°F (12.8%).

s

L4

" Hot fluid Cold fluid
T, = 65°F (18.3°C) Higher temp. fl/= Lo°F (L.4°c) 25°F (13.9°C)
T, = 45°F (12.8°C) Lower teip. ' t, = 40°F (4.4°C) 15°F_(8.3%C)
’ ' \\J -
© 10°F (5.6°C) Difference 0 10°F (5.6°¢)
f . ' .
LMTD = 19.6°F (10.9°C) ‘h‘ (-
3.3.2 SHELL SIDE
< .
Assumlng natural circulation boiling ’
Ti = 60°F (15.6°C) average
T, = LO°F (L.4°C)
assuming h— = 131 Btu/ft2 nr °F (O, 7!:,? kJ/m2 s °C)
. , hy = 104.5 Btu/rt® hr °F (0.592 kl(? s B
Q 19.6 .
— =.Unt - = 1139 —
A 1 1 |
+ X . 1
131 104.5 .
Teﬁpera%uré differencesbetween tube ﬁall end outside' ' d
temperature : : PR
1139 |
it = = = 8.7°F (4.9°C) .

Ah 131 -7

ot KIS E W U a0 0 3 o e st N . e 23
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,Aseuming latent heat transfer only : >

h_ =130 Btu/rt% hr °F (0.735 ki/m° s °C) (Kern p. 474)

A = (0.405 x 1.5 )% = 0,369 .1{ (2.38en?)
total outsidé area of bundle : -

0.369 x 38 = 1l in? (90.3 cm?)

- which is close to what was assumed . '
- - \ .
’ \
p ‘ C :
3.3. 3 TUBE SIDE - L f\‘ '
? s
using a velocity of 1.5 ft/sec
, Mv 5Q00 x 0,0160 ‘
A= = QQ = 0,0148 ft2 ( 0,00137 m2)

v 1.5 x 3 x 3600 ' - ‘ , 3
Number of tubes required :° ) 5
N = 0,0148 . 4

- = 38° . 4
0.000395 : :
= f 2 _ ' ‘3
where tube area A = ( 0.269 )n = 0.00039S'ft2 . o8
' n i1z , : . °
‘ . - §
area taken up by one tube : = ' ///ﬁ) M , %
-
\ A\
f
{

.
.}g

v

Mass velocity ; ,

-

g v
6, = = 2000 = 338 000 lbm/hr (459 kg/s m?)
at 00011‘8 5 . oo

Reynolds number :

Da.N  _ 0,022 x 338 000 _ 7

P , 2.99 B
where f = 2.99 lbm/ft hr ( 0.000126 Ns/m2)
U (ASME steam tables p. 280)

A}

e =

-

(KBI’D P- 83h)
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N
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e
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Prandtl number at 55°F (12.8°C)

’

33

v

e

1/3 . "
S - (8.80)%/3 =-2.06 (ASME steem tables p. 262)
Kk . .
y 8
Heat tfansfer coefficient : . ’
: , \, ' L
h, = J k 1/3
i “h c A
f "D - (—;———L—-) ¢
k
= 5 x 0,342 x 2.06 N
0.022Y .
= 157.3 Btu/rt? he OF (0,891 kd/m> s Oc) o
where k = 0,342 at 55°F (12.8°¢)
\ (ASME steam tables p. 281
‘. 157.3; 0,269 ' S ;
hy = ( ) = 10L.5 Btu/rtZ hr °F (0.592 kJ/mzs °c)
\ 0.405
¥ . _ .
C*3.3.4 Siring ’
. . |
U=
+ R M
ho hio
U= 1 v ~
- 3
- P = 5109 ghu/ee? nre OF
Hoat transfer area : . - oo ~—
Q 0 000
A= = 5 = 49.1 £t° (4.56 n?)
U at 51.9 x 19.6




( . t ‘ ‘_
Tube area auwailable :

o O omosa frie »

| | CA s TR0 re2/0t
1 o 1hk :

E . ¥ . fotal lenght of tube required:

.
- Pl -

O 106 -\ 4 - ™ F

PPN

3 h9'1 .
% , ~ =463 £t (141 m)

1 . Lenght of bundle :

o Tn=ues ’ .
; = 12.2 ft (3.72 m)

A4

7

| ;

¥ at four passes : .
§ / . . .

§ L = 3,04 £t = 37 in (94 cm) ~

3.3.5 Pressure drops .

'i‘he pressure brop on the shell side is negligible because
o pool boiling takes place, - ’ -
4r/bssure drop gg the tube side : - ‘ ‘
£= 0,00042 £t2/in® ( 0,0605 em?/*6m®)  (Kern p. 836) = -
at'Re=2530
- 7 P =r6’In , .
S 5.22 X 10 ‘
\ ‘—oooou2x3380002x277xu7
) 5.22x 10 x 0,022}

= 0,457 1bf/in® (3150 N/n°)

'~ .‘- ‘

h
;
3
:
¢
;
n

Do e T

Dt
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3.4 ABSORBER _ }

3.’4..1 GENRRAL -

L4

JIn the absorber,steam at 10°F (u.AOC) is absgrbed into the-
circulating lithium bromide solution., Design is based on
case E because“thisﬂéffers the highest heat ?equirement
while the design LMTD is kept fonstant in the absorber for

-

all cases, Heat is carried away by cooling water which is
’ t

assumed to be available at a temperature below 70°F (21{1°C)A
This cooling water is pumped thr?ugh~the«ﬂbsorber and éon-,
denser in series, The qﬁantity to be p;mped gives a coqiing
yater temperature rise of 10°F ( 5.6°C) in the absorber
a)llowing the condenser ‘t? be designed for incoming cpoling’
water at 80°F (26.7°C). Abserption will take place while

the lithium bromide is being sprayed onh the absorber, f;
this'way a large 1iquid‘area can be made available for the
absorptioﬁ process during spraying. Design of the absorber
is m&@e on the basis of the ;ubes being . submerged in 1ithium

bromide solution. Operational adjustments should permit

operation with the tubes exposed to possibly allow a higher
o
rate of heat transfer in operation. '

Cooling water.zequiremepts:

W= Q = 67200 = 6730 1bm/hr (0.8y9 kg/s)r
: c At 0.999 x 10 - o

.
o R Hr A oA I s o




Had fluid | Cold fluid

T, = 90°F (32.2°C) Higher temp. t, = 80°F (26.7°C) 10°F ¢5.6°C)

2

a T, = 90°F (32.2°C) Lower temp. t, = 70°F (21.1°C) 20°F (11.1°C)
' L3 '

1
h 0 Difference 10°F (5.6°C) 10°F (5.6°C)

LMTD = 1L.4°F (8.0%C) ,//fﬁr « : l}

P L}

3.4.2 TUBE SIDE

”

Assuming a velocity of 1 ft/sec (0.305 m/sec) for the

cooling water, the total flow area required is :

N *

f : L At=.g_ --6730 = o.o3oort2( 0.00279 m2) B 1

v 1x 62.3 x 3600 . . ¥

Number of tubes required: .
N =0,0300 x 14k
0.0568
. v b

=76 ) <?

.
K

e

= 0.0300 £t2 ( 0.0028 m?)

K a, =N,a, . 76 X 0.0568
T wy

-
<
T—i

at v * /.

i
o
-3
W
o

"= 22 000 1bm / hr £t2 ( 303 kslﬁxmz’

. &
Re, = DGt . = 0,022, x 224 000
: ' = 2100

. Ka A

2,39 1b/£% hr (0,000101 Ns/n?) at 75°F (23.9°C)
(ot : ' \ (ASME steem tables p. 280) .

K where IS

at'=7i (.269)2 = 0.0588 in2 ( +366 cm2) ‘ ¢

emda S S, S
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Heat transfer coefficient :
]

k >

assuming a ratio of lenght to diameter b
'La ) . » '
= = 200 ‘ ,
D .
s /
jh = L‘.oo = (Kem Pe. 87“.)
Prandtl number at 75°F (23.9%C)
1/3 ‘ : A )
él-—4ﬁ~) = (6.9 )1/3 = 1,90 (ASME steam tables p. 282

Coefficlient of heat transfer :

{

£

. 0.022} | .

where k = 0.351 Btu/ft hr °F (0.000606 kJ/m s °C) at

75°F (23.9°C) (ASME steam tables p. 281)
hi° = 19 ? ilgl = 119 x 0.269 = 79,0 Btu/ff;2 hr °F
0.D. - .- 0,L05
e = (0,448 ki/m° s °C)

-
’

3.4.3 SHELL *SIDE

- i

. assume ho = 80 }itu/ft2 hr OFE (6.452 kJ / m2 s °C) for S/

?

* estimation of wall temperature N Lo
\\' . - z
% =ygap =350 = 581
A 1 1
. —_
Bo  75.1 2%

- . 1/3 . ,
() () x
D, Kk ~ ) —-

4.0 x 0,351 x 1,90 =119 Btu/ft2 Hr °F (0.674 kJ/m2 s °C)
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Wursens ey g P
v

»

Q 561 | )
= = ——  =7,3° (1.1 %) '
-Ah 80. . .

¥
&, ; 90 - 7.3 =82.7 °F (28,2 °¢c)
r
Film temperature
P+t 90 + 82,7 -
{, = —E—e ¥ = = 86.4 °F (30.2 %)
f 2 ‘ 2 oo \

The following properties ‘are required for a LiBr-water mixture
at X =55.28 and T = 86.4°F (30.2°C) | i; i
C,oef'ficient of thermal expansion: ’

‘assuming that it ‘can be taken as being the same as for

water at 86.4°F (30.2°C).

between B86°F and 87°F :

pE 62,150 1w/883 L p = 62,262 1b/rt7
- f i 2a -
b= - =0.000186 1/°F ( 0.000335 1/°C}

[ [4
Z(t,_ - t:)/’t/’).
- thermal ceonductivity:

usi'ng values for calcium chloride brine or sodium chloride brine

’

k= 0,31 th;/ft nr °F.(0.46 kJ /m hr °C) o bl
(Kern p. 800)

Density: . Tt e

P =62.2 x 1.61 = 100.1 lb‘/f»t3 (1600 kg/m3) (Ref 6 p. 10)

Specific heat: ) ' ?7

using values for ‘sodium chloride brine

¢ = 0,8 Btu/1b °F (3.34 kI/kg °c)  (Kern p. 80L)
. . -

-

. -




Viécosity:

~

. & = 1.96p (0,00019) Ns/m°)

i

For free convection

ey

~using values um chloride brine

! .

’( Kern p. 804)

AN
Py 1.9
= 0,024 -
N7 ' © 90 - 82,7
‘ ‘ = —_— = 19,0
‘ d 0.1405
, o | |
F - h =87 Btu/et? hr °F  (0.493 kI/me s °C) (Kern p. 216)

Adding 25% factor of safety because of the uncertainty

pl

involved in the estimation of lithium bromide properties

8 . R
PRy = =L = 69.6 Btu/rt® hr °F (0.39) kI/m° s C) .
. , 1025 " .
- .y SIZING - e ’

Overall hesat transf'elg coefficient

1. 1
+ 0,002 + —-L—

79.0 69.6

Area= Q 67 200

C U Bt ) 34.5 x b

{

/,

(0.196 KI/F ¢ ©

7

»  =-34.5 Btu/ft> hr °F

)

=135 £t% ( 12,5 m?)




\

1]
i ™

( ) ) 3 '
Total length of tube

N .

o

135 _
0.106

3 9

= 12’(0 ft (388 m)-

Length of straight bundle :

L = 1270

= 17 ft (5.2m)
76 ] .
at 6 passes :

. L =2.79 £t (0.86m) = 34 in (B6em)
\,

-

. - ’ ) by
L. : 3.4,.5 PRESSURE DROPS

e ¥
Pressure drop on the tube side:
£ = 0,000 £t2/ in° ( 0.063 em?/ cm?) ~
at Re=2100 . (Kern p. 836)
P, = 16, In /
0. /
'« =0.0004l x 22 000% x 2,86 x 6 -

-~ 5.22 x 1017:: 0w022) v 7,
LI . - R ) .
) ='0.32 psi (2210 N/n®)

’,

’

_ The pressure drop on the shell side is negligible..

.
i T RN b iyt

N Limte S ST A e BN

;’



»

) 3.5.1 - GENERAL

. e e e e
.

L] N 1
3.5 LIQUID HEAT EXCHANGER . - /
_ e

I“

27

The 1iduid heat exchanger economizes edergy by tising the

Q

' " "
ijicoming low concentration absorbent| Co v

iz;t stream of high cpnceniﬁhtion absorbent to heat up the

In the es@imatioh of LiBr properties both the high tempera-

3 .

, . Y, : ,

ture stream at an average temperature of 140°F (60%c) with
. ]

X = 57.3% and the low temperatﬁre stream at 128°F (53.300) ™

with X = 55.2% are assumed to be similar enough to be given

the same prgperties., |

,Specific gravity = 1.62 - " (Ref. 6 p. 10)

The following are estimated from sodium chloride brine
Jo = 1.9 cp  (0.000294 Ns/nm°) \(Ke,rro; p. 823) -~

= 0.31 Btu/ft hr °F (0.00053L ki/m s °C) Y
_ (Kern p. 800)

E
1

¢ = 0.8 Btu/1b °F (3.34 kJ/kg °C) (Kern p. 80L4)

Hot fluid " Cold fluid

-fl = 180°F (82.2°C) Higher temp. t, = 166°F (74.4°C) 14°F (7.8°C)

T, = 100°F (37.8°C) Lower temp. t; = 9o°1? (32.2°¢) 10°F (5.8°C)
80°F (4L.4°C) Difference - 76°F (L42.2°C) . uoF (2.2%)¢

* ~

_LMTD = 11.9 °F (6.6°C)
heat transferred 51 200 Btu/hr (15.0 ki/s) * ( table 2 )




§ l - =
| » 1
' 3.5.2 TUBE SIDE °
; - +  assuming 136} 1b/hr (0.172 kg/s) in the tube side with a -
velocity ol 0.2 ft/sec, (\)0.061 m/sec) .
s cross sectional “Area : ~ )
s . Lo Ag=WLo o aBeL - - = 0,0187 £t2 ( 0.0017 n°), %
v .0.2 x 62.4 x 1.62 x 3600 ‘ ) {
. :
. 4 Number of tubes required: ) . ’
T i . ,
N = 0.0187 x 1Lk o 3
, ‘ }b o s , %
, | | N
S . assume L9 ‘tubes ( 7 x 7) 3
i ) » - ‘E}
o - \Mass'velocity: , . - i
' !) o ~51 »
G, =W 136l ' . "
o b = = 72 900 1b/mr 12 (99.0 kg /s m°) ¥
i * . at 000187 . y i
 f v . . B v .‘
? Reynolds number s, .
;, r /\ . i .‘ ° . :
.Re =D G, 0.0224 x 72 900 - . :
= = 355 o i -
- M b6 | ‘ b
- ‘j = 1,6 ] * (Kern p. 834) . ¢
.Film coefficient ' ‘ "
- 1/3 . .
hy =jk (_‘Lﬂ'—) | -~/ T
. , , D k : e
R . \ 4 ,
! S =1.6 [ 0,31 0.8 1.9 \/2 | .
- 0.022]; 0.31) ] |
. . {
="37.6 Btu/ft? hr.°F (0.212 kI/m° & °C) '
’ . h,_ =h, xI.D, 37,6 x 0.269 - ' .
\,\ o A7 =7 = 25,0 Btu/ft° hr °F *
’) 0.D. . 0.’405 '
C .. (0.142 ki/m° s °C)




s "
. 3 s
. .| assume g 2 inch baffle spacing with a-square bundle of .
1 - -+ 7 tubes x 7 tubes ) o “y
5 i : shell area = 7 x 0.2025 x 2 ’ 2' . s
' R L'S - = 0001.97 ft .( 0.00183171 )
A \ L . -~ ) 1’4‘* .
‘ W 131 ' -
. ST ey = — b =2 . = 66 700 ibm/hr ££t° ( 90.4 kg /& m>)
A ] . a 0.0 .9:? - v .
b ' a; G, - = 0.0629 x 66 700 = 013 ‘
L ° Re = -a—-—- ’3 e y
3 DL © b6 i
LT - _where D = 0,755 . . N
! o "€ — = 0,0629 r} -
Y & . ' 12 . ¢
T - j =16, . ; (Kern p. 838)"
‘ - film ,coef‘fiéient'_: ‘
' ; . \1/3"
v . k C “
h, = N ST ol
- A I
e, T ' ) ) .
. =-16  0.31 0.8 x 1.9y \ .
G . L B 0. 0629)( 0.3/ Ty, L
g .~ - - ‘ :
g -“131; Btu/rtZ hr OF (0.759 kJ/m® s °C) . .
' E - - Heat tranefer coefficient : )
R B ‘ R ’
i 2 ' U= —3 ) »
i 1 1
i - v +2R+——m °
AR o} h
e o . 0- iQ v
L) - .\
P “3 s
' s = . Bs
& ) ! 1 1 A ,
3%; ’( . — *+ 0,002 + . ' ot
i ' 134 ‘ 25, 0 . 4
.. »
S |
L) % -

3.5.3 SHELL SIDE

=.20,2 Btu/fta nre°F ‘(0. 112 kJ/m 8 o) .




( | S - N

\ ‘adding 25%; factor for uncertainty involved in estimation of .

|
y
o
i ’
]

LlBI‘ properties )
U = 16.2 Btu/ft° hr F (o 0916 kJ/m s °0) g
\ » vl
+ L4 m

N RN . -
. 3.5.4 SIZING g
area °

A= Q _ 5120 > S5
. ‘ % = 266 ft° ( 2.7 m")
U At 162x11

[}

e

tube area : . ]
0.405 x x 12 . ) / ¢
: L a, g = 0,106 £t/ £t°( 0.0323 m / m)/ -
g t . : f ,
: 14 - v B /
total length of tuhe - X
.. ‘ 3‘6& / - R S
| —_— = 2500 £t (762 m) :
0.106 ’ R

Total length of bunpd‘lle . . ) ,
g L = 2500 |

= 51 £t ( 15.6 m)

$

i

i

3 s . ,-|.9 N . ] ‘ ) .c..

' at 12 bends . - 3

N ’ N
L= 4.25 ft ( 1.29m) = 51 in (129 cm) - o

1 B . '
i s . . 1)

o ]@.5 PRESSURE DROPS
shell side:

number of baffles o Y e

= 51 x 12 , ) )
. | . = 306 - | ] : ()
i ( . 2 \ R - ‘ ’ (,/
Q £ = 0.003L £t2/ in® ( 0.4,90 cm2/cm?)
\ ‘ ! ‘
. . at Re=913 o (Kern p. 839) -




»

kN

2

' sheil dismeter is equivalent to‘7 tubes plus spaces
D_ = 0,405 x 1.5 x 7 + 0,405 - C ) )
- 8 . = h.45 in = 0,371 £t ( 0.113 m)

2 : ‘ )

Y = 2
Ps';nf GSn DS (N f‘l) .
10

¢ 5.22 x 10 -
( 0.003l x 66700 x 0.37L x 307 -
5,22 x 1010 x 0. 0629 oo

= 0.525 1b/in° (3620 N/m?)
* ) <}
which can be tolerated on the shell side because the liquid

-,

is flowing from a high to a low pressure region, .
The total head svailable is ‘
(65 94 mmHg - 6.29 mmHg) 0.0193 = 1.15 1b/1n\ (1230 N/m )

tube side :

£ = 0.00145 £62/in° ( 0.209 cm2/ em®) at Re=3S5 ( kern p. 836)
. . ) P

_ 2
Pt =f Gt Ln
5.22 x. 101%
0.00145 x 72 9002 x I. 25 x 12

10 x 0.,0224

5.22 x 10
=+0.336 1b/in> (2320 N/m?)

¢
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temperature source as ppssible., The lowest practicalﬁliﬁit 3

" that the heating water enters at 19OPF (87.8°C) andvthat

3.6 GENERATOR

—— ¥ L )
3.6.,1 CHOICE OF TEMPERATURE . £ =-d

It is desirable to be sble to work with as low a high

for the generator is taken to be 180°F (82.200). Assuming

©m_ = 187°F ¢86.1°C) Lower temp. . t

the equivalent of a j'iq. sched, }j0 is used to transport : . ~
the water at a velocity of 2.0 fp/seg ( 0,610 m/sec), . . é
Q = VA ) ] “
=2.0 x L (3.068)2 x 3600 |
i }hh x 0.0166 g
= 22 300 b/br (2,81 ke/s) §
Témperaturé drop of heating water & ~ 2
av= ¢ f
“We ‘ ;
= 65 40O o '
22 300 x 1.00L" — | ~ , ) |
= 2.92 °P (1.62%) . .
Hot fluid | Cold f18id
Tl'= 190°F (87.8°¢) ‘Higher temp. by = 180%F (82.2°C) M‘10°F’(5.6°,

180°F (82.2%) 7%F (3.9%

- 3°F (1.6°0C) nirferigge‘ 0 . 3°F (1.6°C

LMTD = 8.4°F (14.7°C) N -

. . J )

‘A" . ¢

\ : A, Kl N
. ] .

. - <
a ‘ n N
- . B L
” .
»
. «
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£

-
3

W 22 309
!IA T e = %‘

v 0.5 x 60.5 x 37600

Number of tubes required: -
0.0568 _

Area taken up by one tube = 2,38 em®

1.5 x outside dia. . . : .

L7 f
3.6,2 SHELL SIDE ~_ ‘ ‘ ) ’
Assuming natural circulation boiling K
Ti = 188.5°F (86.9°C) ‘
T = 180°F (82.2°C)
h = 56 Btu/rt® hr °F (0.827 kI/n® s °C)
% =U At = : %L,, = 340
6 . 116 g
Between tube wa’ll and inside temperature
at = Q = 340 = 6.1 °F (3.4°C) )
.~ “sn " 56 '
v
h =56 Btu/et” hr °F (Kern p. 47L)
(273 keal/m® hr %C)
*which is the same as what was assumed. <
\
3.6,3 TUBE SIDE )
Flow ar'ea }‘or O.S'ft/sec (0.122 m/s)
) S

= 0.205 £t° { 0.0190 n?)

J

2

»

4
r

o

with:tubes spaced at

-~

e

A5 b by Ty Tt i v e

L P




Paspe—

o
pm e g

. jh

- .
hi-jh(l.{_)(cpgﬂ .
) D, k "y

¥ «
-v‘a - . . , .
L4 . “ >
Total outside area of bundle = 191.9 in“ = 1}t.B in x 14.8 in

Mass velocity: ,

- ’ ) .
G, = W . _22 300 = 109 000 1bm /hr ££° (A48 kg/s m°)
8 Q.205 FAN
4 ' * ”
Reynolds nuﬁberQ
Ry = DOy 0.269 x 109 000 _ 40,9
P 12 x 0.795 .
’ *  where rL = 0,795 1b/ft hr (0.328cyp) . s
(ASME steam tables p. 280)
Samd L 27 .. ‘ o '
. - = = 100 :
. D 0.269. w oL
v . .
= 10 - (Kern p. 834)° \ |
Prandtl number : . | o
/3
(C K ) = (2.06)/3 =1.27
. k »fi
o y T (ASME steam, tables p. 282)
Heat transfer coefficient ‘ 5

10 x 0,389 x 12 x 1.27

0.269 . R

r——y

220 Btu/ft hr °F (1.24 ki/m> s °C)

n

»

14

where k = 0. 389 Btu/ft hr°F (0.000672 kI/m s °C)

(ASME steam tables p, 281)




‘ 49 . s
- - "
A
- ID _ . |
h:‘o - l&; x — = 220 x ,269 = 146 Btu/fte,hr °p
(0,827 kJ/m™ s \C)

3.6. SIZING

Overall heat transfer coefficient : ,

n
)
X
. ‘“l

U
1
(4 N6 hy ’
= 1 +

! +0,002 + 1 ,
1446 56 ‘

= 37.4 B‘l',u/f't2 hr °F (0.212 kJ/mQ‘ ‘s OC) .
Area : - _
L h=Q = 65 hoo = 208 £t2 ( 19.3 m®
STUU st 37.4 x 8.h ‘ P
405 x T x 127, o
= 0,106 £t2/et |
1hh .

Total lentgh of tubs :

/

= 2 ’
L = 200 £t = 1960 £t (597 m)

0.106 £t2/ft

ch bundle : )
_E= 1960 £t S S

| 520 tubes A s - -
= 3,77 £t (1.15m)
= }5.3 in ( 1l1l5cm)




s
ot

. ; = 0.0153 1b/in® (105 N/m°)

¢

' 3.6.5 PRESSURE DROPS - 0
The pressure drop on the/sﬁgll side is'nggligible because .
pool boiling is taking ple?e. ‘

Pressure drop on the tube side?
. . X

£ = 0.0004 £t°/in® ( 0.0576 dn°/cm®) et Re 3070 (Kern p. 836)

-
g =fG° In —

M ' .
§.22 x 107" D o
= 0.000L x 10 9000 2 x 3.77 x 1

0« 0.0221 -

P

~ . 5.22 x 10

1
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. 3.7 CONDENSER - ’ i
3.7%1 GENERAL : - 2 |

The condenser will be contained in a vessel which also

i N

e
includes the generator. Condensation of pure steam takes

place outside horizontal tubes. The condensgte drips , é
throﬁgh the tubes énd is collected by a condensate collec~ o p
ting pan. wDesuperheating of steam is accomplished by

additional tube surface on the same bundlg;

4 Q 53 1,00 , ]
t = = \ © = 7.95 OF Y(1..1,%)

i

z

¥

i 3

Assuniing that cooling water comes in at 80°F- (26 7 °¢) . ’ , _§
3

H

{ . . 2

cW 0.998 x 6730 ] \

| _ \
svhere ¢ = 0,998 Btu/lb °F (4,17 ki/kg °C) at ¥5°F (29.4°C)

L / (ASME steam tables p. 278)
Desuperheaé&nér

Hot fluid Cold fluid

B

T2 1

\ 70°F (38.9%) Difference 7.95°F7(41.6%C)  62°F (3L.4

180°F (82.2%) higher temp. ts 87.95°F (31.1°C) 92°F (51.1

110°F ( 43.3 C)lower temp. ¢ 80°F (26.7°C) 30°F (16.7

LMTD =.55,3°F (30.7°C) | A i
Latent heat tranafer‘ ' ‘i
. o | j
%
i

y Hot fluid , Cold fluid

1

T, = 110°F (43.3°C) Higher temp. t, = 87.95 ( 31.1°C) 22.1°F (12.3

T, = 110°F (143.3°%) Lower tmep. t. = 80°F (26,7°C) 30°F (16.7°C°

1
v 0 Différence 7.95°F ' (4.6°C)  7.95°F(L.L°C

LMTD = 25.8°F (11.3°C)




¢ -’

Enthalpy of steam at 110%F (L3.3°C) ;

h = 1109 Btu/lbm (2570 kI/kg) s f
oy Heat transferred during desuperheating process .
R
Q =W (h, - h) , I
7 3

| ' 49.95 (1138 -1109) °= . ° ! .
1400 Btu/hr (0.409 kJ/s)
r " Latent heat).

Q

W(h - h8)
19.95 (1109 - 77.98)

51 500 Btu/hr (1,51 kJ/s)
Total heat

. . ' i S, ,
: ) Q = 52 900 Btu/mr (15,4 kJ/s) - »
~ “Percentage sensible heat : 2.6%

R

N

R ey

3.7.2 LATENT HEAT AREA -

Assuming a condensing film coefficient of 14320 Btu/f‘t2 hr °F

A AW P £ A TSI T TS

F AT 2 0, ) .
(24.5 kJ/m° s "C) and a tube side coefficient
of 8Ll Btu/rt® hr °F (0.478 kI/m° °C)

BT M e e S e

Al

f] = 1- ' -
. s _ 2 o
\6h «3 Btu/ft™ hr P

v 1 1
+ 0.002 4

ey s (03 KT 8 )
)
A= Q . 51 500 2 2
= ; = 31.0 ft5 ("%,00300m")
Pp At 6Lh.3 x 25.8 ~ |
, :
N

3.7.3 ' SENSIBLE HEAT AREA




: ) : s 53 L B

; , I Assuminé a shell side £ilm .coef'fi'cient of I* Btu/ftZ hr °F -
' (0.0080L kI/mZ s °C)

f" ' \=. ) 1 v

s ° ~ - - = 1.39 Btu/rt? hr °F J
" e
+ 0,002 + (0.,00786 kJ/m2 8 QC)
l.42 75.1 :
. A Area : A= Q N\ 1L00 i
o % =* = 18.2 ft2 (l.69m2)
! LUy Bt 1.39.x 55.3
; Rt . ‘Total area C. : \\\“\\ K
VA = 31.0 +18.2 = 9.2 £t2 ( 4.5Tm%) o . q
i Percentage area for sensible heat @ .
' 18.2 x 100 . 1
i , i - 37% ] . o
h9.2 . ) ‘ .. y . 1
3.7.4 BUNDLE SIZE CALCULATION
Assuming a cooling water of 0.5 ft/sec ( 0.1520 m/s) i
;° ) .velobity, flow areas required: é
. a;_‘ =W 6730 x 0.0161 5 - 5 ]
_— = e = 0.0602 £t~ ( 0,00559 m") ;
\ 0.5 x 3600

where v = 0.0161 £t3/1bm (0.00100 n3/kg) st. BL°F (28.9°C)

(ASME steam tables p. 88)

.

Area per tube :

o - o

2 i
A = 0.269 )
‘ T = 0,000395 £t2 ( 0.0000367 m°) . 3
O




LRI

); . _ e
L \ . v
Number of*tubes: ‘
N = 0.,0602
= 152.4 -
0.000395 ,:\
Assuming that 63% of t?ese are for latent heat S .
’ ‘\\.
i
N=96 .
B Y
Sensible and latent asres per foot of bundle .
R ~°
, 12 -
Ledgth of bundle : ‘
19.2 . u L
L= = 3,05 ft ( 0.930 m) = 36,7 in (93.0cm)”
16,1 ' . . *

by

Average sregn tak.en up by tubes: ' '
A = 1520 (1.5 x 0.1405)% = 56.2 1n% (363 en’)
Assuming é square bundle:

1 =7.50 in (19.1em) | . »
Allowing an extra 1/8 in et ‘each side

71 = 7,75 in (19.7 .cm)

3.7.5 TUBE SIDE
Flow srea at 0.5 ft/sec ( O.lSZ"m/s)

8, = 0,0602 ftzr (0.00559 m?)

t
. Mass velocitf 2t ' | \ '
w v 6730 5 ‘
6, = = % =112 000 1b/hr £t
at K 0.0602 '

(152 kg/s n2)




5 )

* ‘:r‘l‘\}«’.u' N

Reynolds number ’ o

= i)c;t S
— = 0.022L x 112 000

r' ] ‘ 2.12

. > ,
where p = 2.12 1b/ft hr (89,h x 10 6 Ns/m~) - _
at GhoF (28.9°C) (ASME steem tables p. 286)

-

= 0,0224 ft ( 0.,0068 m)

Ret

= 1180

&

and D = 0.269
12

@

' Heat transfer factor where ‘L= 37.3
D 0.269

Thestd W o QN kot ST S

=139 .

" Al

j=3.9 ' (Kern p. 834)
Prandtl number at 84OF (28.9%c).
T1/3 ' ° ‘
(c ) \) .
£ = 6.0y )13 = 1.82 ’

k [}

~

( ASME steam tables p. 282)

Coefficient of heat trantrer g . | ~

. 1 , : -
hy ‘Jh(k ) (c P)/B } c -
b, [\, % : .

= 3.9 x 0.356 x 1.82 - o 5
= 113 Btu/ft° hr °F (0.369 kJ/m°.s ©

C)

0.022&

where k = 0, 356 Btu/ft hr °F {O0. 000615 kdJ/m s C) '
at 84°F (28.9°C (ASME steam tables p. 281) -

hy =113 x I.D, 113 x 0.269 ° ¥

N— = f 75.1 Btu/ft° hr o
0.D. : 0.405

S (0,425 kJI/m? s °c) - . -

which is the gsame as what was. assumed for area calculation

N . q
n! “ <
N .
. )

; ORIGIN AL s

HARKED -
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3.7.6 SHELL SIDE CONDENSATION

Loading : ‘ N i
x .o =M hu.gs(" _
) = = 0,703
. LN t'2/3 -3.05.x 96 2/3
1 S,

(Kern EQ 12.43 p. 266)

to determine film temperabure

Ah 13320

b =110 - 0. = 109.6 °F ( 43.1°C)
. , 6
'tf =T *t 110 + 109.6
2 .. 2

where k = 0.367 Btu/ft hr °F (0. 00063); kJ/m s °c)

at 110°F ( L3:3
/*fr‘“"l .52 1bv/ft hr ( 0000643 Ns/m")

%
= 1!O°F ( u3.3°c;

(ASME steem tables p. 280)

,"g-— 61.9 '.me/ft3 (992 kg/m3) (ASME steam tables p. 87
3 < 1, 5 uG")-I/B (Kern EQ lé.L;E p. 2664
———— . - *4‘
4

1
(\"sf\ ¥/ M %

-
-

h( " 0.398 n N >1/3 - 1:5( . dJ) -1/3 RN

0.0’49&,1 3_832 x 417 000 000 ‘0.631

= 5356

which is very close to qssumptiori of 4320 because the difference

‘
|

in heat transfer rate is negligible. k
‘n © .

o ~

. alssu}né‘ho = };320 Btp/fte hr Op (2le5 kJ/m2 s oc) ’ .
o _ o o L
C.ny =75 Btu/rt2 hr °F (0.425 ki/m> 5 °C) . .

K ' 26 -
—_— =U At = = 1919
. R + e
-7 14320 75.1
At =Q _ 1919 - 0.k

(ASEE steem tables p. 281)

)

.
) ’

v

< where g =(32.2%3600x3800)ft/hy

-
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PG e s e 5 W .,;i -
T -

o

e L. \1/3 . 1/3
(.___._,&.) T =(0.93) = 0.976
H R h v . )

. ‘ ) . . e

- ’ k
3.7.7 SHEL SIDE DESUPERHEATING g

. * \ . P4 ’
Shell areata = shell T.D. x tube spacing-x length / tube pitch

= 7,75 x 0.2025 x 38.7 5 . 5
= 0.658ft" ( 0.,0611m")
144 x 0.6075 - '

Mass ivelocitys ' ~J
6 = W 49195 - 2 ®
, = . — = 75.9 1b/hr ft
’as 00658, v 2 ’ .
‘ , (0.103 kg / s n“ ot

Mean temperature for‘désuperheat}hg

A

t

v 180 + 110° L .
 ———— = 15°F (62.8 °C). :
f’ 2 ». ' . . : . '

where rh; 0.0260 1bm/ft hr (1.09 x‘lO-6 Ns/mz) at 145 °F (62.800)

‘ N . (ASME steam tables p., 280)

Dy = 0.755 .

e r e ='0.0629 ft £0.0192 m)

J2
\ . . -
. Res = DeGS . . 0.0629/ f?;-g =~183

R . 0.0260 g SRV

3y = 7.0 . (Kern fig. 28 p. 838) -

Prandtl gumbei at 145°F ( 62.8°C)

A

.

o Y (ASME steam tables p. 282)
, .

Outside hegt transfer coefficient : _

= 4 . . *, 1/ :ﬁ . ’
= dnfk e ) 3 _ 7.0 x 0.0127 x 0.976
. \De ‘;. K : K
‘ 4

D 0,0629
A

\

. . h P
-(‘; s . \
.

Rl

~
PN s et v Y

R 8 BARANR S o, A ot it ol it 584
s

. o
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v L

ty

= 1,38 Btu/ft? nr °F (0, 00781 kI/me s °C)

where k = 0, 0127 Btu/ft hr °F (0.0000219 kJ/m s °C)
at 1u5°F ¢ 62,8 °c) (ASME steam tables p. 281)~

-

which is smilar to the heat transfer coefficient = v;sumed

Note' recalculation of film coefficient using Fig 10.L4 of

Kern yields similar results.
. ¥

3.7.9 PRESUURE DRCPS

The pressure drop on the shell side is negligiblql

3

Préssure drop on the tﬁbe side: . .

£ = 0.00052 £t2/in? ( 0.075 cm>/ cm>) at Re=1180

" (Kern p. 836) | '—».'

— ph 2 - .. -
. P, = £6,° Ln . ‘ . T
. 5.22x100 D o
= 0,00052 #-112 000° x 3.05 x'1
5,22 x 10°° x 0,022l '

= 0.017 Ibe/in® ( 118 N/a%) 4 .

»
-’
e

R . JET. Ve ey




CONCLUSIONS AND SUGGESTIONS -

The system is-designed to have an evaporator capacity of
."50 000 Btu/nr  (1li.6 kifs) . This size requirement-

determines thg‘use of shell and tube equipment rather than

double pipe exchangers. It is general pféétice in unifs

such as this to comblne the evaporator and absorber in

&’single vessel as well as the generator and condenser.

This congtraint dictates the use of circulating water
9 'y ’
to cerry heat energy to and from the unit, - :

- . “* M *‘

Lonstruction of the unit would be in accordance with

* o

. fig. 5 . The length of the individual heat exchangers
was kept der l. 5 ft ( 1.4 m) to av01d excessive unit
-lenéth. Exchanger pressure drops werg kept a8 low as
» .

. ' possible to allow pumps of* low power consumption to.bq”v

t

uéed.
LAV ' ) 5 o ‘
- » \\\ " Redesign of the unit for the lowest possible cooling-

N : \\ temperature would*necessitate a complete modlflcatlon

~

\\or the evaporator in order to accomodate dlzect expan81on.
This wo;id require the evaporator'to'be separate frop/
the absorber. . Assuming' a At of 10°F (5;6?C ) a space
could .not however be cooled to/much less than 50°F

(10°¢). ~ .

~

4 i
-
-




Changing the generator -heat source from & solar energy
source to steam would-codsiderably reduce the size of the
generator heat transfer surface and would .necessitate

~a redesign of the gene;ator as well as a'revision of the

mass and energy balance. A direct fired.generatdr«would

require -further modification with the likelihood that the

A )

genérator would have to be independent of the condenser.

B

” [ Y .
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