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Thermodynamic analysis of a new hybrid-ejector heat pump and comparison
with the hybrid heat pump
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ARTICLE INFORMATION ABSTRACT
Original Research Paper One of the conventional methods to improve the heat source utilization is using heat pumps that
Received 05 June 2017 consume low temperature waste heat sources as the input and increase their temperature and so, the

Accepted 26 July 2017

Available Online 25 August 2017 quality. In this article the effect of using ejector on the thermodynamic performance of the hybrid heat

pump is evaluated. With simulation of the new hybrid-ejector heat pump in the EES software, first the

Keywords: effect of the ejector mixing section diameter on the results is analyzed and it is concluded that a

Hybrid heat pump diameter of about 15 mm leads to the primary energy ratio (PER, the ratio of useful thermal energy
Wiaste heat recovery output to the total initial heat energy input) and second law efficiency of the heat pump to reach
Compressor exit temperature maximum and the exit temperature of the compressor to remain minimum. Next, PER, second law

Compressor exit pressure

Ammoniawater efficiency and the compressor exit temperature of new heat pump are compared with those of the

conventional hybrid heat pump at the same amount and temperature as the input heat. The results
showed that the PER and second law efficiency of the new layout is maximum 10 percent and about 18
percent higher than those of the hybrid cycle respectively. It is also observed that with considering the
restriction in compressor exit temperature, in new system, it is possible to increase the temperature of
input heat 35°C more compared to the increase that can occur in the hybrid system. Finally, the analysis
of the relative exergy losses in the components of the systems revealed that in the new layout, the
relative exergy losses of throttling valve, desorber, compressor and absorber were reduced and
improved the performance of this cycle.
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present study with those of Jensen et al [12]

LS ol adllhe OWSR s 0 e
[10]
&yl sl +g
+0.9 1009 1000 » ol Jel ey
Qabs» kKW L3l
Ll

+0.98 1.948 1.929 e Jsle oo 20
Ty, kg s!
-0.26 192.2 192.7 s3reS 83909 8 S
Woom, kW
o Sdee oo

+1.21 5.184 5.122 _ o
COP= & "y

Mel, com _Mel, p

@.L’;J‘ J° )’JS&‘ Adwdad )-.U’L.’ )y -1-4
L5k aldiee 1 o J36 b il o Lol Connd ans gl)ls sxSal slaf
Ao (sl 0 )5 o)Ll &5 A len S Ay (29> ShS
51 sl o dpmline BB 2 Jsaz Ly, 3o,k 5l Jib ceond ki g5
B 4y o S U eyt Ceamd hd aS0l s 4 s )b
oS s Ceand ol 0 Ul G g edg it LS aliise
79 B 2 Jgor 1o (S jlad 4 bgye abal) 4 ax g b il
Slp azlie o g cails walss ool Jol> mlbs o glais 86 S oy
d\]a‘.ézn).]aé).g|)g3lb'2ojw)dd)lm‘jms?j)éw)hé
225 lade s ol Guss e [2827.18] ol sad slpiiny LMl
U L7] ol o 428,515 5 o8 iy Connd (gl LIS alaiomo ,lab
el dpgy IS alaioee Jld i b s e |y 98l o Shas ol ol
A8 5 e b war Sl ey 9 Sbes Sl plaie een 4
23,5 on gy p LIS alais

50 202 e O Slos 7l (LMWS| alaame Hlad 50 asllas g
wdF 3 aalllae 000 Ay et b oyl plo Sl 5l LS blyd
LY aladors Jhad oss 4y Casnd adsl (655 Cd Ol Jloges el
ad i S pg0 B 005l Bl s pizmen ¢ "4 IS" o (dyp)
0d oy ciliBee (9,5 (sled dw ;0 "D S 5 (dyy) bl alaise
15 aliis 18 L g gl 05jl 5 adl (65 G i (SisKa e
laSs o a5 wisSlon il o i slaloges alie i Wales Lo
s lad 1 0 4 5o sz iy Gy Gl Hlade ol ca 0dsd
15k sgu 53 jladie (g 23,5 (o0 dion pgo (988 033k 5 &gl 555
5 ang 9 PER jhie «(8) b 4) Ly, & azg L 0,5 o 51,3 mm
11 bl oo lad Ol az jo g, ol 5l sl dtinly jom yeaS 50 (6959
Camd poliie 423 53 9 00l a8 b jgm paS (639)9 IS il a8 2
s At HLE8 g daleS o (IRl es (el eoil 5 adsl (5551
abhase Hhd a5 b og ong b Tsink,out e sles o 2 alads Hlod
2 Jgom Luly, b A1 abii Jled a8 Jbo L5 S el et LS
(S (79> JLad g bS] alaione L2 4 by pe alal) 99 (o5as)
Ol ydS 09565 Caml 00 00ls (yLitd "B JSE" 0 )90 ol AT oo S
OBl b aS conl O jgo oy LIS albass (8 L Sl 9,5 SLid
abhoze Coluwe g adl alS LMl abhaxe o b S oplad
25,5 oo bMust adaase JLid iolidl conw JS 50 9wl oo a3l LS

428



G w9 S Sl 9 Gl L Gla Sumu

GRS T GID ae b Aulite 9 59 — S )T 332 SIS ey Saelizd9e )3 Julxs

sy 50 i o0 18

oolaial jlad (Aldl alws Gloie 4 g eSSl &S (plapcs 5
3 038 s g otee S ell (S0 g peS (295 Slod 09d o
W geseeS (5795 Sled Cudgasme fSloe plen SIS ALl (e
Jdo @ pule mals s S0, ey Sl olwb SRS S
SIS 5l 5 S 4 e wlys o Sl ol adbige o> 25
03,5 s JS 425 13 g jgm e

3 dlge o yis 55 055 UsS SlasseleiSs b alise (gl g yeaS
D 3 S ol Jhe lad b8l elaie 4 Gols Gl
o008 DBl ' Sligel Vb jLad jgmyneS (m Sg29e (slasliss
180°C slos ,iSTam b ol jgmpeS ol omsy> sloo [12] ol
53,5 Sgaze

Bz Gl e G Lo S 2 sl
0dd ey 12 USG5 S 5SS e eS 5 (COmpressor 1)
00038 Jlael IS5 )3 1 jgm oS (29,5 sles Shas Cosguone Lo
Sz Gl )0 (e yp los & el g, M2 KB @ azgi b
4008 oo ol )5 Al (23l s oS sl (oS5 S 5l S0mb

cocleer hybid CYCIe (Tsourc.iuzsooc)
eeenxeee- hybid cycle (T, 1=35°C)
—@— new layout (7. ,=50°C}
—— new layout (¥, ,=55°C})

0.9 A

0.8

PER

07 - -t

st 0 Tt

0.5 —t
80 90 100 110 120 130 140 150 160
Lt ou [°C]

Fig. 8 comparison of the primary energy ratio of new layout and the
hybrid heat pump

=S5 Sl ey 5 e Gyl adgl (6551 o aslie 8 JSS

1100
1000 Fomee  hybid cyele (7o, =50°C)
onp e IYDIA eyele (T ,=55°C)
—=— newlayout (Taqurein=30°C)
800 1 new layout {75, ;,=55°C)

700 §
600 T
500 T
400
300
2 4

- [ Y ) -o!aop.-ao.vav'aca.ﬂﬁ"""T
100 = 1 e
80 90 100 110 120 130 140 150 160

Tsmk.oul [OC]

Fig. 9 comparison of the output upgraded heat of new layout and the
hybrid heat pump

@5 Gl ey s ez Rl (s il )l sle S alie 9 JSUB

QQI]T [kW]

! high pressure ammonia

429

1130
— T;ink,om. =90°C
1080 1 ceeedeess Tsink.oul =100°C

Tingeou = 110°C

— 1030
o
o
o
£ 980
930
880 b o R she ‘,'=|=','—','—’.‘—'—
0.1 015 02 025 03

dy [mn]

Fig. 6 effect of mixing section diameter of ejector on the exit pressure
of ejector

35S (g i s Sl LS dlhie b 55 6 S5

165
155 A
—— Tnon=90°C
ceeirinne Ty o = 100°C
145 A sink out
— T:ink,ml[ =110°C
°L._). 135 4 xx_,x,...g(..)(....)@....x....;(....x....x

125-%

“5'V._.—o—o—o—o—o—o—0

105 e o B B L A
0 0.05 0.1

dyr [m]

Fig. 7 effect of mixing section diameter of ejector on the compressor
exit temperature

3 aS 79 slos y gl LS ke b 55 7 S8

2 Gemed 190,50 dunlie oSS Syl ey b HgeeS (25
oyt 3 oad dallls (glopiens il o 53,8 il aclsl
795 Sl sl 5 b bpteen PER lpss Jloges 05 o
@35 oo 0dnlie a5 4 ylad .l 00 oy "8 USG50 Tiink out
) s 3 SLac Spnge el 5521 3358 5 oS 5 S o] e
992 s PER jlade a5 (g55b a5 ol 0000 5 adgl (65 s L
ol oS 5 S 3 i a0 10 2

Sgete W oo Gl Tainkout 57955 slbod 4z 8 45 935 o0 oualia
7o sl jo aS GlaigSay sabioe il Wz )l ey 0 Slee
IS 51 Y aoys 10 o l,1 PER jlade Tk o = 160°C
s € 6] slS i B s 4l ol ol S
2 0l @ Cad a1 ey 50 Sliyee Gl 4 s 9 S)
lasS e il Gl sle S 51 slaie (10 JS5) ilign (oS 5 S
able 2Vl oo 615 oS el L3l o g5 shlae

i 35 5 Sanlzsgns o33 o518 o3l Slsis "1 U8 o
o ailin el 00l s 5 Tinkcout 7955 oo et b (Sl
=S S 5l ez T e 5 ess sl il eyl (55
@ a0z Sl gy xS @ bpgs o5 eajl Gl (nl g aSk e

8 o plouts 17 )9 1396 LT (R Sulle S diye



A3 w9 S Sl 9 Gl e Glla s

G SO oy b Ao 9 o981 -

G5 2032 b ey SRaeliadge )3 Julxs

blasl o 0 bgpye (65,551 Db 285 (oS 5 ()2 ooy ,0 852
s 90 sy [ SN olals "13 JS.JL" Sl o loge b e
wedee ol Tinkout 79,7 sbed 55 50 1) win S50 S~
oS azsl B0z e 50 Wad e oaso Maall 13 S o a5 wiS e
Ot Tsinkour = 90°C (29,5 slos 53 Lol 50 108 50,2 (535,55
D3y (D3l g paS 4 bgaye S 5 A (oS 5SS po DL Hlade
S (05 (9 sbod GRIBIL g, al Sl blusl jo 8 e s
Tonkout = 120°C slod 10 a5 0gd 0 00w "o 13 JS&" jo a8 oo
2,18 o 003k el j0 1) e gyt g eSS 5l e bledl b
552 s 5 jgmeeS 93 Egemme (ol (65,551 DAL a5
R L RVORIN VR CPC SRS ISYLA S 1 I 900 DY PR O PRV SRR o 00
OgeeS 1 32) e Szl ple s 65,8 Sl Seis
Qo gl pad aBlal g9 b ifgezme 10 g od (bluas] i g L3y
Sles 95 30 Waz s 5O (o (85,551 DL ggezme Sz 5 i8]
S 20,0 24 5 33 9o )5 o 4 120°C 4 90°C L ol Tiink out
D9 n oS (oS S S

@ bl 23 @ pdlbeasih (2alf waxr S g plenw 5
@ 5eS 53 50 5 Ol (Ze 5 609 o L DS els s
el ] S gnT 0ol Galdl o jLid s rals Lo

SN0 9 (S 5 4o -5
S il (o515 g @i ()l Slacay Jeld Jolaie (Sl slacay
Sllie 65,5 @ Cqz il 293 P culee g Lo s o 2
loads @l (S 5 Sl Sy Lol s s 5 S 90 0

S ol S i WSS S5 S ey 2 0
9 00,5 anlllas ouls 48 )S )15 4y Qilrlym 3l pane b (lge ygms S
Ol 5 el oads @l g 0 Shoe fin 4z e S5 g )l
5 Sl @Yl (65,551 Sl s blucil b gt (ol po &5 2l
b JSew (295 ol 655 sles gmpeS (29,5 sles 3 Vb
oSl 3l eslizl 5 blal o5 ol &y 55l 5l ool wiS oo S3ame
L CURELIW IPR V. R PSS SERICN S PWISUOX. Syl JUIR JRFN J6 CE-E N PO L
o aslllas Solsge s pgo 9 Jol (o8 oud 5l waaar JSew 5 (o5 5
el 25 2t & Jole b SIS 13 alio s 50

B 56 L aliioe b ¢Sl Cilises (slaeand olayl (s o
Slp Glaste Jlode (g oo &5 G5k A O el 0, Sles )3 4z
P30 ol o2il 5 adsl o3l G O 50 A5 Sgai (ad SlE
093 e (0S4 jgm S (29,5 Sled g 009 dinden Sealiuoge
58] LS alaios aigy Sl oy p )90 63,5, Lailpd oo
el 15 MM sg0> o

AN b adgl (5 S SRl s 2S5 Soms )] e
20,5 00,0 18 sgum b pgs 98 003l (imldl 50 g 0o, 10

sbe (Gl Glcw oS o wlil sbcusgas 51 (S
ol (5l ey ()5 aels (ud Sgue o oS Cel jg paS (25
ez Gl 5o e go 2al5 1) pis Sl 2955 il 5l sles s
@55 Sl ey 5l i 35°C Sgam 0 Sl ey )5 Al

el

8 o)laibs 17 0951396 oLT (Hurde Suilfo wiie

490
430 1 7™ hybid eyele (7, =50°C)
L oo hybid eyele (7 0=33°C)
370 T + new’Ia)’OUt(TSOUI‘C,Lﬂ:SOoC) (
310 [ = newlayout (7, ;,=55°C)
T !
24, 250 1
= 190 A
130 +
s . ;'_:'-'-!
70 Sl
10 '""!'""!m“’w et
8 90 100 110 120 130 140 150 160
I;JJI.IS.OLIl [OC]
Fig. 10 comparison of the required power of new layout and the hybrid
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