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Cur rently, wa ter-cooled screw chiller is widely ap plied in com mer cial and in dus -
trial build ings, and the en ergy con sump tion of wa ter chiller even could cover 70%
of air-con di tion ing en ergy con sump tion in the most ad verse op er at ing con di tions.
More over, a num ber of chill ers are run ning at a low rate un der part-load state. In
or der to re duce the en ergy con sump tion of wa ter-cooled screw chill ers un der
part-load state, the pa per pres ents the par al lel ing throt tle mech a nism. Through ex -
per i men tal study, un der part-load state, it can be found that the by-pass tube di am e -
ter Ø16 has the most pos i tive ef fect on the per for mance of wa ter-cooled screw
chiller in four by-pass tube di am e ters. The oblique ac cess mode is better than the
ver ti cal ac cess mode, while the spi ral ac cess mode has lit tle in flu ence on the chiller
per for mance. Be cause of par al lel ing throt tle us ing, the exergetic loss of the evap o -
ra tor and chiller is able to be re duced by 3.4%-15.5% and 0-6.7%, re spec tively.
Mean while, the co ef fi cient of per for mance of chiller can be en hanced by
0.2%-1.6%, and dis charge tem per a ture can be re duced by 0.4-2.7 °C. In ad di tion,
the eco nomic and en vi ron men tal ben e fits of the ad vanced wa ter-cooled screw
chiller are more ev i dent than the con ven tional wa ter-cooled screw chiller's.

Key words: wa ter-cooled screw chiller, per for mance im prove ments,
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In tro duc tion

Gen er ally, the air-con di tion ing en ergy con sump tion cov ers 30%-60% of build ing en -
ergy con sump tion [1], and the re frig er a tion source ac counts for a large pro por tion of air con di -
tion ing en ergy con sump tion and is about 60%-70% [2]. In spe cially, wa ter-cooled screw chiller
is widely ap plied in com mer cial and in dus trial build ings to sat isfy re quire ments of com fort and
tech nique. Its en ergy con sump tion even could cover 70% of air-con di tion ing en ergy con sump -
tion in the most ad verse op er at ing con di tion [1]. As con se quence, per for mance im prove ment of
wa ter-cooled screw chiller is nec es sary.

Based on pre vi ous stud ies, many re search ers used phys i cal and math e mat i cal mod els of
the chill ers to fore cast the per for mance of chill ers un der multi op er a tion con di tion, for the sake of
im prov ing the chill ers per for mance. Allen and Hamilton [3] ac cord ing to ac tual mea sure ment pa -
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ram e ters, set up a math e mat i cal model for the per for mance pre dic tion of the chiller un der full load
and par tial load. Goto and Yoshida [4], set up a pre dic tion model to sim u late the vari a tion of the
chill ers' per for mance pa ram e ters with the vari a tion of ex ter nal pa ram e ters. Later on, Liu et al. [5]
de vel oped a new steady model that can pre dict the per for mance of the screw com pres sor with and
with out vapor in jec tion in a com par a tively wide run ning con di tion scope and un der part-load dis -
place ment con di tion with a fast run ning speed. Based on sim u la tion, Fu et al. [6] found that the
cool ing ca pac ity of screw liq uid chiller can be in creased ap par ently by add ing the economizer.
Lately, Zhao et al. [7] pro vided a path to im prove part-load en ergy ef fi ciency of screw chill ers
with econ o mized screw com pres sors us ing in ter me di ate gas in jec tion.

Of course, there are some re search ers that im prove the per for mance of chill ers by ex per -
i ments. Lee et al. [8] ob tained a wa ter chiller model of vari able flow rate by an a lyz ing 2000 groups 
of ex per i men tal data. By ex per i ments, we also known that dif fer ent re frig er ants as a sub sti tute can
make the chiller per for mance de crease in a screw chiller with shell-and-tube heat exchangers [9].
The flow state and flow rate of the re frig er ant be fore en ter ing the evap o ra tor af fects the heat trans -
fer of re frig er ant on the side of the evap o ra tor, and the vari able wa ter-flow rate can re duce the
power of unit 19.7% by ther mo dy namic anal y sis on the mea sured data and struc tural pa ram e ters
[10, 11]. In ad di tion, fine-turn op er at ing vari able could im prove chiller sys tem per for mance [12].
Ac cord ing to mea sur ing the op er a tion con di tions of the wa ter chiller in most build ings, Seo and
Lee [13] found that most of the chiller is run ning at low load rate, and its low en ergy ef fi ciency ra -
tio has a se ri ous im pact on the en ergy con sump tion level of the build ing. 

Ow ing to the build ing cool ing load is time-vary ing [14], the chiller op er ates at part
load con di tions based on time-vary ing cool ing loads [15, 16], and the en ergy con sump tion of
chiller was sig nif i cantly af fected by the chiller COP low part load con di tions [13]. On the ba sis
of pre vi ous stud ies and avail able con di tions, this pa per re searches per for mance im prove ment of
the wa ter-cooled screw chiller un der part load op er a tion con di tions (the load ra tio is 75% and
50%) by ex per i ment. Based on the orig i nal wa ter-cooled screw chiller, this pa per adds a par al -
lel ing throt tle mech a nism to wa ter-cooled screw chiller, and uses pa ram e ters of dis charge tem -
per a ture, cool ing ca pac ity, COP and exergetic loss to eval u ate the per for mance of the ad vanced
wa ter-cooled screw chiller (ADWC). Fur ther more, this pa per adopts exergy anal y ses, eco nomic 
and en vi ron men tal anal y ses to prove the su pe ri or ity of the ADWC.

Ex per i ments

Par al lel ing throt tle mech a nism and ex per i men tal set-up

The ADWC pro posed in this study is com prised of a con ven tional wa ter-cooled screw
chiller and a spe cific throt tle mech a nism. The spe cific throt tle mech a nism parallelizes tra di -
tional throt tle mech a nism and by-pass tube. Fig ure 1(a) shows the sche matic di a gram of the
ADWC, and fig. 1(b) dis plays the de tails of  the par al lel ing throt tle mech a nism. Fig ure 2 il lus -
trates three dif fer ent ac cess modes (ver ti cal, oblique, and spi ral ac cess) of the by-pass tube. Ta -
ble 1 de tails the in for ma tion of the wa ter-cooled screw chiller. In the case of ver ti cal ac cess, the
by-pass tube is per pen dic u lar to the main loop that is in front of evap o ra tor. In the case of
oblique ac cess, the by-pass tube is bias in sert to the main loop and the flow di rec tion of re frig er -
ant in the by-pass tube is sim i lar to that of the main loop. In the case of spi ral ac cess, the an gle of
the spi ral in ser tion with hor i zon tal di rec tion is less than 30°, and the re frig er ant in the spi ral tube 
is anti-clock wise to the main loop. In ad di tion, four types of by-pass tube (outer di am e ter; Æ12,
Æ16, Æ22 and Æ28) are used in tests. Fig ure 3 ex hib its the ar range ment of the ex per i men tal
setup, which con sists of in door/out door cham ber and con trol cen ter.
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Ex per i men tal pro ce dure

In or der to dem on strate the ef -
fect of par al lel ing throt tle mech a -
nism on the per for mance of the
ADWC, a se ries of ex per i men tal
tests are con ducted. Dur ing the first
run, the per for mance of the orig i nal
chiller (con ven tional ver sion) un der
full-load (the load ra tio is 100%)
and part-load (the load ra tio is 75%
and 50%) con di tions is ex am ined,
as fig. 4. In the pre vi ous study,
Zhang et al. [17, 18] in ves ti gated
the re la tion ship be tween the per for -
mance of wa ter-cooled screw chiller 
and the op er a tion pa ram e ters such
as chill ing/cool ing wa ter tem per a -
ture and flow rate. In the pres ent
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Fig ure 1. Sche matic di a gram of
the ADWC; (a) syatem di a gram
of screw wa ter-cooled chiller (b)
di a gram of by the par al lel ing
throt tle mechanism
1 – screw com pres sor,
2 – shell wa ter-cool ing con denser,
3 – non-re turn valve,
4 – so dium hypochlorite stor age
tank, 5 – so le noid valve,
6 – throt tle mech a nism,
7 – man ual reg u lat ing valve,
8 – shell dry-evap o ra tor

Fig ure 2. Ac cess modes of  throt tle mech a nism; (a)
vertical access, (b) oblique access, and (c) spiral access

Ta ble 1. Pa ram e ters of wa ter-cooled screw chiller

The model of screw wa ter-cooled chill LSN200Z

Cool ing ca pac ity kW 220.0

Ad just ing gear % 0, 25, 50, 75, 100

Cur rent source V/Hz 380/50

Power kW 42.5

Com pres sor
Model

Semi-her metic
screw com pres sor

The amount of oil/L 18

Con denser
Model 2012-992L

Heat trans fer area/m2 12.9

Throt tle Model TEX-55-65.5

Evap o ra tor
Model 2012-993F

Heat trans fer area/m2 27.6

Re frig er ant

Class R134a

Re frig er ant charge
amount/kg

55

Fig ure 3. Ar range ment of the ex per i men tal set-up
1 – water chiller unit, 2 – refrigerator, 3 – boiler,
4 – heat exchanger, 5 – cooling water tank,
6 – hot water tank, 7 – water replenishing system,
8 – cooling water pump, 9 – cold water pump,
10 – console, 11 – power cabinet, 12 – regulated power 
supply, 13 – electrical cabinet



work, the ef fects of chill ing/cool ing wa ter tem per a -
ture and flow rate on the chiller per for mance are
con sid ered as tab. 2 shown. In ac cor dance with tab.
2, in the ex per i ments of the ADWC, the out let tem -
per a ture and flow rate of cool ing wa ter is kept at 30.0 
ºC and 32.0 m3/h in di vid u ally;   the  in let  tem per a -
ture  and  flow  rate  of  chill ing  wa ter  is  set  at  10.0 
ºC  and 22.3 m3/h, re spec tively. Re fer ring to
GB/T18430.1 -2007 and GB/T10870-2014, the
steady-test du ra tion is kept at 70 min ute. In this re -
search, the re cord in ter val is 6 sec onds. In the
part-load tests, the wa ter-cooled screw chiller should 
be re started be fore shift ing dif fer ent by-pass tubes
and ac cess modes. The mea sur ing in stru ments uti -
lized in this study are de tailed in tab. 3.

Re sults and dis cus sion

In this sec tion, we em ploy dis charge tem per a ture, cool ing ca pac ity, and COP to an a -
lyze the en ergy per for mance of the wa ter-cooled screw chiller, and adopt the exergetic anal y sis
to ex am ine the fea si bil ity of var i ous im prov ing ap proaches. The cool ing ca pac ity and COP can
be cal cu lated by eqs. (1) and (2), re spec tively. The exergetic loss for each com po nent of the
chiller can be cal cu lated by eqs. (3)-(6).

Ni, L., et al.: Performance Improvement of Water-Cooled Screw Chiller Under ...

S588 THERMAL  SCIENCE: Year 2018, Vol. 22, Suppl. 2, pp. S585-S596 

Figure 4. Performance parameters of original
water-cooled screw chiller under different
conditions

Ta ble 2. Per for mance pa ram e ters of the orig i nal wa ter-cooled screw chiller un der
full load con di tion in dif fer ent cool ing and cooled wa ter sys tems

Cool ing wa ter Cooled wa ter
Cool ing ca pac ity COP

Dis charge
tem per a tureOut let tem per a ture Flow In let tem per a ture Flow

°C m3/h °C m3/h kW °C

30.0 45.8 7.0 30.0 200.7 4.77 51.8

30.0 45.8 10.0 30.0 219.9 5.15 51.9

30.0 45.8 10.0 22.3 220.8 5.14 52.7

30.0 32.0 10.0 22.3 222.0 4.99 53.7

Ta ble 3. Mea sur ing in stru ment

Pa ram e ters Name Range Re marks

Pres sure Pres sure sen sors 0~2.1 MPa Model: SEPRA2112

Tem per a ture Tem per a ture sen sor –40~400 ºC
Plat i num re sis tor(PT100);

Ac cu racy: 0.1 ºC

Flow Or i fice flowmeter 0~70 m3/h Ac cu racy: 0.01 m3/h

Power In stru ment of elec tric pa ram e ter 0~1500 kW Ac cu racy: 0.04 kW

Time Stop watch 0~24 h Ac cu racy: 0.01 s
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where Q is the cool ing ca pac ity, C – the spe cific heat ca pac ity, r – the den sity, qv – the ther mal
flux per unit vol ume, TIN – the in let tem per a ture, TOUT – the out let tem per a ture, COP – the co ef -
fi cient of per for mance, and Nn – the in put power.

The exergetic loss of evap o ra tor is: 
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The exergetic loss of con denser is:
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The exergetic loss of throt tle mech a nism is:
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The exergetic loss of com pres sor is:
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The to tal exergetic loss of the chiller can be cal cu lated by eq. (7).

Ex Ex Ex Ex Exto eva con th com= + + + (7)

where Ex is the exergetic loss per unit mass in each com po nent or en tire chiller, hIN – the in let
enthalpy of re frig er ant, hOUT – the out let enthalpy of re frig er ant, sIN – the in let en tropy of re frig -
er ant, sOUT – the out let en tropy of re frig er ant, cIN – the in let ve loc ity of re frig er ant, cOUT – the
out let ve loc ity of re frig er ant, zIN – the in let height of re frig er ant, zOUT – the out let height of re -
frig er ant, g – the ac cel er a tion due to grav ity, TSUR – the en vi ron men tal tem per a ture, Te – the
evap o rat ing tem per a ture, Tc – the con dens ing tem per a ture, qe – the cool ing ca pac ity per unit
mass of re frig er ant, and qc – the heat ing ca pac ity per unit mass of re frig er ant.

In a cur rent re search, Jiang et al. [19] found that, ther mal pa ram e ter anal y ses could ef -
fec tively guide the fu ture re search and im prove ment of chiller per for mance. Un der the part-load 
state of chiller (the load ra tio is 75% and 50%), the exergrtic loss of evap o ra tor ac counts for the
larg est pro por tion of the to tal exergetic loss of chiller, which can be 87% and 63%, re spec tively,
fig. 5. Thus, there may be a huge po ten tial of en ergy sav ing in evap o ra tor of the chiller.

Ef fect of by pass-tube di am e ter

Un der the load-ra tio of 75%, in the cases of oblique ac cess and ver ti cal ac cess, with
the by pass-tube di am e ter in creas ing, the per for mance of ADWC be comes more sen si tive to the
open ing-de gree change of valve on the by pass line. Mean while, in the case of spi ral ac cess, it
has a dif fer ent phe nom e non. The per for mance of ADWC seems ob scure to the open ing-de gree
change of valve on the by pass line. Fig ure 6 de tails these trends.

In the case of ver ti cal ac cess, the per for mance of ADWC tends to be im proved first and then
de cline with the in crease in open ing-de gree of valve on the by pass line. In the case of oblique
ac cess, the per for mance of ADWC tends to be im proved first and then de cline with the in creas -
ing valve open ing-de gree ex cept the di am e ter of Æ12. When the by pass-tube di am e ter is Æ12,
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the per for mance of ADWC is pro moted con stantly with the in crease in open ing-de gree of valve. 
Above all by pass-tube di am e ters, the di am e ter of Æ16 has the most pos i tive ef fect on the per for -
mance en hance ment of ADWC. Com pared with the con ven tional chiller un der load-ra tio 75%,
when the by pass-tube di am e ter is Æ16, the cool ing ca pac ity and COP of the ADWC in creases
0.6%-1.5% and 0.2%-1.0%, re spec tively. In the mean time, the dis charge tem per a ture of ADWC 
re duces by 0.4-1.6 ºC. The sim i lar phe nom ena can be ob served un der load-ra tio 50%, the cool -
ing ca pac ity and COP of the ADWC in creases 0.2%-1.1% and 0.5%-1.6%, re spec tively. In the
mean time, the dis charge tem per a ture of ADWC re duces by 0.9-2.7 ºC, as fig. 7 de scribed.

The es sence of phe nom e non that lit tle by pass-tube di am e ters has an impactful in flu ence on
per for mance of wa ter-cooled chiller could be not cer tain now. Through the tests, the per for -
mance of ADWC with by pass-tube di am e ter Æ28 and Æ22 can be pro moted only in lower open -
ing-de gree of valve on the by pass line, while the per for mance of ADWC with by pass-tube di am -
e ter Æ16 and Æ12 is rarely lim ited by the open ing of the valve. It could be sup posed that the
per for mance of ADWC is af fected by re frig er ant flow rate via the by pass-tube.

We can no tice from the exergetic anal y sis re sults that, the exergetic loss of evap o ra tor and to -
tal ADWC sys tem drops dra mat i cally due to by pass-tube use. More over, the exergetic loss of
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Figure 5. The percentage of
exergetic loss of screw chiller
main parts under part load
state

Fig ure 6. Ef fect of
perfor mance pa ram e ters by
dif fer ent di am e ters and
ac cess modes of by -pass tube
un der load ra tio 75%
con di tion



evap o ra tor is found to de crease con stantly with the in crease in open ing-de gree of by pass-tube
valve, no mat ter what the by pass-tube di am e ter is (figs. 8 and 9). Spe cif i cally, the exergetic loss of
evap o ra tor and to tal ADWC sys tem is 3.4%-15.4% and 4.1%-5.4% lower than the convectional
wa ter-cooled sys tems, re spec tively, when the by pass-tube di am e ter is Æ16, and so do oth ers di am -
e ters. Be sides, the load ra tio 50% of ADWC has the sim i lar phe nom ena too, the exergetic loss of
evap o ra tor and to tal ADWC sys tem de creases by 4.6%-12.8% and 0-6.7%, in di vid u ally.

Ef fect of ac cess mode of by-pass tube

As fig. 6 like, un der load ra tio of 75%, at the same by pass-tube di am e ter, the by pass-tube of
ver ti cal and oblique ac cess modes have ob vi ously ef fects on per for mance of ADWC, while the
by pass-tube of spi ral ac cess has petty in flu ence on the per for mance of ADWC. With the ex cep -
tion of the by pass-tube di am e ter of Æ28, the per for mance im prove ment of ADWC with the
oblique ac cess mode is better than ADWC with the ver ti cal ac cess mode and vice versa. Mean -
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Fig ure 8. Ef fect of exergetic
loss of evap o ra tor and
ADWC un der load ra tio 75%
con di tion

Fig ure 7. Ef fect of
per for mance pa ram e ters by
dif fer ent di am e ters and
ac cess modes of by-pass tube
un der load ra tio 50%
con di tion



while, at spi ral ac cess mode, the per for mance of ADWC can be im proved a lit tle at proper by -
pass-tube di am e ter, oth er wise, the per for mance of ADWC can be dropped. Spe cif i cally, at the
oblique ac cess mode, the cool ing ca pac ity and the COP are in creased by 0.7%-1.6% and
0.1%-1.0%, re spec tively, while the dis charge tem per a ture is de creased by 1.3-1.9 ºC. So do
other ac cess modes have sim i lar trend. It is also such alike phe nom e non of ADWC un der
load-ra tio 50% as fig. 7 de scrip tion, the cool ing ca pac ity and COP of the ADWC in creases
0-1.1% and 0.6%-1.6%, re spec tively. In the mean time, the dis charge tem per a ture of ADWC re -
duces by 0.4-1.8 ºC.

Fig ures 8 and 9 can con firm that exergetic loss of evap o ra tor and to tal ADWC sys tem is
dropped sig nif i cantly by us ing these ac cess modes of by pass-tube. What is more, at all kinds of
ac cess modes of by pass-tube, the exergetic loss of evap o ra tor de creases con stantly with the
open de grees of valve in creas ing, no mat ter what the part-load con di tion is. Be sides, ADWC
with oblique ac cess mode is better than the ver ti cal and spi ral ac cess mode that makes the
exergetic loss of evap o ra tor and to tal ADWC sys tem go down. Spe cif i cally, as the ADWC with
oblique ac cess mode work ing op er ates un der 75% load con di tion, the exergy loss of evap o ra tor
and to tal ADWC sys tem is de creased by 10.4%-16.0% and 4.4%-5.8%, re spec tively, and so do
oth ers ac cess modes. It is ob vi ously that the load ra tio 50% of ADWC has the sim i lar phe nom -
ena too, the exergetic loss of evap o ra tor and to tal ADWC sys tem de creases by 4.4%-10.4% and
0-0.7%, in di vid u ally.

In or der to clearly show the su pe ri or ity of the com bi na tion of the by-pass tube di am e ters
with ac cess modes, com par ing the max i mum im prove ment per for mance of the ADWC un der thir -
teen con di tions. As shown in fig. 10, what ever the ADWC op er ates un der 75% or 50% load con di -
tions, the com bi na tion of by-pass tube di am e ter Æ16 with oblique ac cess mode is better than oth ers
com bi na tions that have pos i tive ef fect on per for mance of ADWC. Spe cif i cally, when the load ra tio
is 75%, the cool ing ca pac ity is in creased by 1.5%, and  the COP is in creased by 1.0%, and the dis -
charge tem per a ture is de creased by 1.6 ºC, and the pro mo tion for load ra tio of 50% is more ob vi ous.
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Fig ure 9. Ef fect of exergetic loss
of evap o ra tor and ADWC un der
load ra tio 50% con di tion



Ap prox i mated eco nomic and
en vi ron men tal anal y ses

Cur rently, the Chi nese mar ket price
of a con ven tional type of wa ter-cooled
screw chiler (for a 220 kW scale) is about 
130,000 RMB yuan, while the ADWC
costs more 5,000 RNB yuan than the con -
ven tional one. Un der part-load state (the
load-ra tio is 75% and 50%), the op er at -
ing costs of ADWC is less 8.9 RMB yuan 
and 13.2 RMB yuan per day than con ven -
tional type of wa ter-cooled screw chiller,
in di vid u ally. The dy namic pay back pe -
riod is cal cu lated as 2.7 years (the
load-ra tio is 75%) and 1.3 years (the
load-ra tio is 50%) sev er ally. Here the
dis count rate is taken as 8.0%. Ta ble 4
shows the thermoeconomic per for mance
of the ADWC un der part load con di tions.

The pa per uses the cap of emis sion to
ap prox i mately as sess the en vi ron men tal
ef fect of the pro posed ADWC. The math -
e mat i cal de scrip tions of the ap prox i -
mately en vi ron men tal anal y sis are given
by eqs. (8) and (9). The cap of emis sions
for CO2 and SO2 are 295.3×10–6 kg/kJ and
2.8×10–6 kg/kJ in di vid u ally.

D DM Emi i= (8)

DE E E= -N O (9)

where DMi is the dif fer ence of emis sions
re duc tion of i gas, DE – the dif fer ence of en ergy, mi – the cap of emis sion of i gas, EN –
the en ergy of ad vanced wa ter-cooled screw chiller, and EO – the en ergy of con ven tional
wa ter-cooled screw chiller.

The cal cu lated re sults in di cate that, when the load-ra tio is 75%, the emis sion-re duc -
tion of CO2 and SO2 for ADWC in a whole cool ing sea son can reach 1699.2 kg and 16.1
kg, re spec tively, while the emis sion-re duc tion can reach 2525.9 kg and 24.0 kg un der
load of 50%. Thus, the en vi ron men tal pros pect of the pro posed ADWC may be bright in
the ap prox i mately en vi ron men tal view.
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Ta ble 4. Thermoeconomic per for mance of the
wa ter-cooled screw chill ers un der part load

Name Value Value

Re frig er a tion power
con sump tion rate, [kW]

37.24 28

Load rate, [%] 75 50

COP 5.15 5.00

Cool ing sea son, [d] 180 180

Power con sump tion saved
per hour, [kWhh–1]

0.37 0.55

Re fer able price of elec tric ity,
RMB yuan·[kWh–1]

1 1

Ad di tional ini tial in vest ment,
RMB* yuan

5.000 5.000

Dis count rate, [%] 8.0 8.0

Dy namic pay back pe riod, years 2.7 1.3

Fig ure 10. The ADWC per for mance of ad just ment
modes un der load ra tio 75% and 50% states

*6.2 RMB = 1 $US



Con clu sions

The pa per pro poses an ad vanced wa ter-cooled screw chiller that con tains par al lel ing
throt tle mech a nism, and makes re search on the ef fects that dif fer ent di am e ters and ac cess modes 
of by-pass tube have on the per for mance of wa ter-cooled screw chiller un der part-load state (the
load ra tio is 75% and 50%). Through an ex per i men tal study, the con clu sions can be drawn as
fol low.
· The by -pass tube di am e ter Æ16 has the most pos i tive ef fect on the per for mance of

wa ter-cooled screw chiller un der part-load states. The cool ing ca pac ity and COP of the
ADWC in creases 0.2%-1.5% and 0.2%-1.6% sev er ally. The dis charge tem per a ture of
ADWC re duces by 0.4-2.7 ºC.

· The oblique ac cess mode is better than the ver ti cal ac cess mode, while the spi ral ac cess mode 
has lit tle in flu ence on the chiller per for mance. The cool ing ca pac ity and COP of the ADWC
in creases 0-1.6% and 0.1%-1.6%, re spec tively. The dis charge tem per a ture of ADWC
re duces by 0.4-1.9 ºC.

· To tal exergetic loss of the ADWC has been clearly re duced due to the by pass par al lel ing
throt tle mech a nism, in di cat ing ther mo dy namic ad van tages.

· Com pared with the con ven tional wa ter-cooled screw chiller, the eco nomic and
en vi ron men tal ben e fits of the ad vanced wa ter-cooled screw chiller are ev i dent.

Ac knowl edg ment

The au thors are thank ful for the help ful sug ges tions pro vided by the Guangdong
Jirong Air-Con di tion ing Com pany. The pro ject was sup ported by the Na tional Key R&D Pro -
gram of China for the 13th Five-Year Plan (No. 2017YFC0702600). 

Ap pen dix – Er ror anal y sis

The max i mum er ror as so ci ated with the pres sure, tem per a ture, flow, and elec tric
power is listed in tab. 3. The prop a ga tion of un cer tain ties as so ci ated with the cal cu lated cool ing
ca pac ity and COP can be eval u ated:

d rQ C T T V V T T= - + +( ) ( &) ( &) [( ) ( ) ]IN OUT IN OUTd d d2 2 2 2 2 (A1)

d
r

COP
n
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Cal cu lated us ing eqs. (A1) and (A2), the max i mally rel a tive er rors for the cool ing ca -

pac ity and the COP are 1.1% (the ab so lute value is 1.5 kW) and 1.1% (the ab so lute value is

0.05), re spec tively. The re sults dem on strate that the un cer tainty val ues of both the mea sured and 

the cal cu lated data are ac cept able in en gi neer ing ap pli ca tions.
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No men cla ture

C –  the spe cific heat ca pac ity, [kJkg–1K–1]
COP –  co ef fi cient of per for mance, [–]
c –  ve loc ity of re frig er ant, [ms–1]
E –  en ergy, [kJ]
Ex –  exergetic loss, [kJ]
g –  the grav i ta tional ac cel er a tion, [ms–2]
h –  enthalpy, [kJkg–1]
M –  the emis sions re duc tion, [kga–1]
m –  the cap of emis sions, [kgkJ–1]
Nn –  in put power, [kW]
Q –  cool ing ca pac ity, [kW]
qv –  ther mal flux per unit volum, [kJm–3]
s –  en tropy, [kJkg–1]
T –  tem per a ture, [°C]
&V –  the re frig er ant vol ume flux, [m3s–1]

z –  the rel a tive height, [m]

Greek sym bols

D –  difference

d –  error
r –  density, [kgm–3]

Sub scripts

c –  con dens ing
com –  com pres sor
con –  con denser
D –  dis charge
e –  evap o rat ing
eva –  evap o ra tor 
i –  kind of gas
IN –  in let
N –  ad vanced screw wa ter-cooled chiller
O –  orig i nal screw wa ter-cooled chiller 
OUT –  out let
SUR –  sur round ings
th –  throt tle 
to –  to tal

Ac ro nym

ADWC –  ad vanced wa ter-cooled chiller
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