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Glintner

» Established products
* Horizontal/vertical

header; big core tubes

Robust and great for
high load fluctuations

Low rr (< 2.0)
— mostly lack in capacity
— # of passes 1: positive

Not every evaporator is
applicable for low rr

(pay attention with
optimization by e.g. gas-
quality-control at existing
systems)
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Spec. Ref. Capacity Q,/A/Dt, [W/m?/K]
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NH3: TRANSITION FROM SUPERHEATED TO FLOODED OPERATION

Motivation - Actual Industry Standard
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Introduction — Difference DX and Overfeed

Direct Expansion (DX)

Operation modes (OM)
of the ref. system

Overfeed (rr)

NH3: TRANSITION FROM SUPERHEATED TO FLOODED OPERATION
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Ginmer  NH3: TRANSITION FROM SUPERHEATED TO FLOODED OPERATION

Introduction —Optimum rr

Best result?
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Ganmer  NH3: TRANSITION FROM SUPERHEATED TO FLOODED OPERATION

Test Chamber

Machinery room: NHj-rack

Test chamber
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NH3: TRANSITION FROM SUPERHEATED TO FLOODED OPERATION

Measurement Campaigns

4 measurement campaigns: (based on SC2; DIN EN 328)

ta1 top te SHR ¥
Standard [OC] [OC] [OC] [_] [oC]
SC2 0 <-10 -8 0,65 30

ty, = airinlet temperature (dry bulb)

top = air dew point temperature within the room

t

Atg,p = superheating
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. = evaporating temperature

tz, = refrigerant temp. at the inlet of the exp. valve
Dt, = inlet temperature difference

tsup = Superheating temperature

SHR =

SHR = Superheat ratio

[ 52K
Atoup _ tup — 1o
Dty tar —

Pressure [Bar]
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aintner  NH3: TRANSITION FROM SUPERHEATED TO FLOODED OPERATION

Measurement Campaigns

4 measurement campaigns: (based on SC2; DIN EN 328)

taq top te rr tr1 rr = recirculation rate
Standard [OC] [oC] [oC] [_] [oC]
Ahy, 1
m=— =-
SC2 0 <-10 -8 2 30 Ah, ~ X
g e
= -Oﬁ
@ 20 = w0’
g R !
r | ik
Ah, = ref. spec. enthalpy change in the unit at p, : 0/ E i F
Aho = SpeCiﬁC VaporizatiOn enthalpy pe ! / xiO.IU 020 0.30 0HO 9) 0.60 0.70 l, 0s0 Vo ,) B \\O \\O \\0 ;irujmowr/.wzoo::i}'\
. . a 100 1200 3 500 *)U O 900 1000 I\GD._AOD K \Q "O ’6) "d) 70 1800 2000
x = vapor quality in Kgyapo/ KGiotal Ah, ! Enthaipy [kJ/kg] & o
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Gunwer  NH3: TRANSITION FROM SUPERHEATED TO FLO

Results K1 (Variation of SHR)

Superheat-Capacity-Diagram
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@ NH3: TRANSITION FROM SUPERHEATED TO FLOODED OPERATION

Results K2 (Variation of tg;) "°K20 00 : ///m
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NH3: TRANSITION FROM SUPERHEATED TO FLOODED OPERATION

Results K2 (Variation of tg4)

Refrigerant Mass Flow [kg/h]

Subcooling-Mass Flow-Diagram

Subcooling [K]
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@ NH3: TRANSITION FROM SUPERHEATED TO FLOODED OPERATION

K3 (Variation of SHR at tR1 = te)

Superheat-Capacity-Diagram
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Ginmer  NH3: TRANSITION FROM SUPERHEATED TO FLOODED OPERATION

K3 (DX; tg = t,) VS. K4 (Pump; SHR)

. . PROOF OF CONCEPT
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Giintner NH3: TRANSITION FROM SUPERHEATED TO FLOODED OPERATION
K1 (DX) VS. K3 (DX; tr; = t,) VS. K4 (Pump; SHR) K1 § =
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auntner NH3: TRANSITION FROM SUPERHEATED TO FLOODED OPERATION

K4 (Pump)

Recirculation Rate-Capacity-Diagram
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= NH3: TRANSITION FROM SUPERHEATED TO FLOODED OPERATION

K4 (Pump) VS. K4 (Pump; SHR)

SHR/Recirculation Rate-Capacity-Diagram
6.0
X
= 50
=27% | #E [T e | .
%40 g .............. Pi_'
g : Reduction mgpy -93 %; Apey;|-37 %
'S 3.0 ¢ - -
% Reduction mgy -68 %; Ape;|-95 %
O_ 2.0 A Kampagne 4
© (Pump;
o tR1=te)
g 10 ® Kampagne 4
L (Pump; UG;
n 00 L tR1=te)
e 1.2 T TTTe—al 2.7
e 1.0 0.5 0.0/12.0 15 2.0 ™25 3.0 3.5 4.0 45 5.0
' Superheat Ratio ., Recirculation 3
| Atgyp/Dty [KIK] Rate [1] .~

-~ "
-------- 17 12. October 2022 "

-
& >-.-- »--»—-«
i

K4 Part1,




@ NH3: TRANSITION FROM SUPERHEATED TO FLOODED OPERATION

K4 (Pump) VS. K4 (Pump; SHR) VS. K1

SHR/Recirculation Rate-Capacity-Diagram
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Ginmer  NH3: TRANSITION FROM SUPERHEATED TO FLOODED OPERATION

Conclusion
Standard evaporator, pump rr ~ 3: Recirculation Rate-Capacity-Diagram
» Established products in industrial 2 .

standard

n
N

» Great for high load fluctuations
* Low rr (< 2.0)
- mostly lack in capacity

n
o

I
0o

e
=]

4 5C2; Qpupe.15;passes |

.
'S

A 5C2; Oy pe-15;passes 1

Spec. Ref. Capacity Q,/A/Dt, [W/m?/K]

I
~

3
o

2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0

Recirculation Rate [1]

© Glntner
19 12. October 2022



Ginmer  NH3: TRANSITION FROM SUPERHEATED TO FLOODED OPERATION

Conclusion
Optimized evaporator, small core SHR/Recirculation Rate-Capacity-Diagram
tube, balanced Apc,;: oy —
5 X SHR | rr
— Tube volume -60 % 252,.8 %I S— 3| $10%
— Reduced charge (NH;-volume) | ="t . 1338 | | | © R e S
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Q. | ump;
. cu { e
— No big separator needed 8 2.0 Al . ﬁ@%ﬁégénel
— Low pressure drop within rising | & )
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— Capacity +20 % (DX = Pump)
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NH3: TRANSITION FROM SUPERHEATED TO FLOODED OPERATION

Conclusion

Optimized evaporator, small core
tube, balanced Apc,;:

— Tube volume -60 %
— Reduced charge (NH;-volume)
« DX
— Lowest charge (NH;-flow)
— No big separator needed
— Low pressure drop within rising
suction pipes
e low rr
— Qomax At r=1.2
— Capacity +20 % (DX = Pump)
— Very efficient and cost effective
— Competitive to standard design
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Recirculation Rate-Capacity-Diagram
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