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Density Calculation and Experimental Analysis of
Ammonia Water Solutions
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Abstract: In order to calculate numerically the coefficient of performance and carry out analogue
computation on ammonia-water absorption refrigeration cycle, it is necessary to seek out a lot of
precise equations that can be used to calculate the density of ammonia-water solutions. The density
of saturated liquid of ammonia and water was calculated adopting four types of equations by the help
of Matlab 7.0 software. Due to polar material properties about ammonia and water, it is difficult to
find an accurate equation used to calculate the density. With regard to ammonia saturated liquid
density, the result of Rackett equation improved by Campbell is the most precise at the temperature
range from — 30 C to 55 C with the overall average relative error of 0. 38% and maximum
relative error of 0.41% . Concerning water saturated liquid density, the performance of Rackett
equation improved by Campbell is the best at the temperature range from 6 C to 100 C with the
overall average relative error of 0.58% and maximum relative error of 1. 01% . The Yen-Woods
correlation is also an excellent equation. The overall average relative error and maximum error
about ammonia is 0. 73% and 1. 32% respectively. With respect to water, the overall average
relative error and maximum error is 1.38% and 3. 59 % ,respectively. According to the mix rule and
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above quota rule of solution properties, a formula was presented to calculate the density of

ammonia-water solutions. Two experimentation methods were introduced, and the experimental

formulas can be used to test the accuracy of the theoretical formulas. The conclusions can be applied

to calculate the efficiency of ammonia-water absorption refrigeration cycle.
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Fig.1 Lewis structures of ammonia molecule and

water molecule
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Tab.1 Physical property parameters of water and
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Fig.2 Density of saturated liquid ammonia versus

temperature
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temperature

4 BKBREZEETHE

4.1 BRUEFAE
I A 28 69 75 R AT A3 305K R —il B R
K AELE 3 B 585 L o AR 20 eV IV T A R

IRATEL ] AR AR R 5 PE B R IR & S
GAOK IR EE SR AR | 288 B 2 B IR AR BEURAR X 43
TR A BRE SR B AR BUS L 8 BE R SR

V= i i)CiVi + AVmix (11)

i=1
JEE IR A RE )R 50 o S50 ) P S5 AR L PR 5 P i

ESR

Vi = AV (12)
Ve _ 10(Ge/RT)
RT ~ [ oP ]T %

R IEERE Ge/RT J& T.P K45 %, 18,
S T FAREZ T PR & R 0 1 ) bR
B, B, 5 B AR BORE R D 0 AR Ak AT B 20, B/
Ve/RT H 0. T2 AL AR QD SRR A )5 A EE
IR

V=SV, (14)
is1

4.2 XWHE
4.2.1 RGUKEBCE BT
LRI 35 AT SRS T Sk PR AR i 1 v A 2
BT Al LA 28K i A i AL st (U v 1)
FA R R A7 R K BE TR R0 5 I KX
SRRV B B AN TR 4 TR 320%™ A
4 200~1 800 kg/m’ AFEEN 1 kg/m?” . I Fl1E
U3l 5 KV IR A P T ELA B R i 1
I B2 K A RO BE I A P A i e R I R —
A R A 0 AR U A R P L BBORE S S ] E
PRI 5 5 B (PRS2 SN AR 1 5
— AR ISR It Dok /> 8 O 2 7R T R A A A R
ST SNIN) SR AREE S

B4 SKEET
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