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B 19814 [l TuckermanfilPease & X 42
B KA EfE: 20-200 pm

B AR A B

W BOAEE ) EA1000 W/em?

Microchannel cooling

Cover Plate AT o

500 [R] 25 AT 58 44 R

m B

W AEAR. AR, R R RE
m AR, #lliquid metal
0 $%0s R o Wstog vt it e | AR

@ Acea for calculating base heat flux




M5 55 12 1) AEDNE RS TIE

b

[ —FC-72

70 Two phase
r Single phase regime | regime —= CHF

(critical heat flux)

I
I
I
|
|
I
|

»

&

Al « A

Heat flux (w/cmz)

Pore size
2.0 mm 20

Pore size Pore size
1.2 mm 1.5mm

[ Leidenfrost effect
Spray cooling a3

Phased Array Radar: 5-10 MW/m? % W s w0 s % 100
E{(i‘ﬁﬁ%\ ?A}JUL% Wall temperature (°C)

W n] 5 VA %IJ e ¥ Tramaition bl

B OEMESE. L. K. B e e
B AHEYM: GiK. KEE A, nanofluid%s .. -.-
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LIEH RN =

RETE, =HHFS

EERS, EIORE, FTinik
HFSEREHFSENDEN, EREAEIR
BIEET, TR, EEE

HiEs, Rl XS

NFEZHRM, SR, i¥EyF, T
BRG] TARER

vV V V VY YV V V
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2 BB R4t~

~tel
Jt
]

> BRRTUESE
» EREIERRUTEENES
» NS EEIRRE
> JEEE: 1.4:1-20:1
» IRSIREREEI-60°C
> HESES
> 2.4Mpa(350 psig) KEEFERTREH
> 4.1Mpa(600 psig) 55X

Johnson /j)l('

Controls



3BT ERBINBNANEESH
> WAIRELVI

Vi = Vs/Vd
Vs: IRSEEREFEFHRRIAIAEIESIR
Vd: EAEITREERITRIEEER

M3 YT R AT Via:vs/ <Vd+voil)

> WK J7HEPi

Pi=Pd/Ps
Ps: WEBRESRSFLOAFEHE, ZEFRARY {’
SRES, BIIRSEZTES.

Pd: WIAETSHSIOEEN, ZERNNS
(KES), EDRFSEET R,

4

Vd+voil

Johnson ﬂj)[(,
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3.BHERINHNNANEESH
>JMELECR

CRERHFSBEZ, RHRAFRITINRER,
CR=QEHMBMIENZRIBNES (BXIEN)

>PiGVIIXHR

Pi=Vin (nNASANZHIIEIEE) |
Pi=Vi* (KASIKBIEHRIEED) .
R22, k=1.30

R134a, k=1.18,

R717, K=1.29.

5 Johnson ¢/)1(,
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4. RERALL

- WEAEET EHBURTHES RS

- SR RS O R RS AR T
- RS OAERE VIR

Discharge

6 Johnson 7))1’(,
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4. AATALL

Over Compression
P-V Diagram
Pp Internal |- ———— /_ :;vnﬁ;lk
P, Sysiem

1

I

I

I

I

I

I 1
! ]
' I
l !
Vp,  Volume Vg
CR < Pi

Johnson 7))1’(,
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4. AATALL

Under Compression
P-V Diagram

P, Syslem Lost

Pp Internal {——— — ——

Pressure

|
|
|
|
|
|
|
|
| 1
Vp Volume Vg
CR> Pi

Johnson 7})1(,

Controls



5. ARHALLRET

Vi .decrease
V; .increase

Cap.-increase

Cap.-decrease

Linear Transmitter

for Capacity Indication | | Slide Stop

Slide Valve

Shaft-seal

Johnson //})I('

Controls



5. ARHALLRET

- suction side
}{’ Bp Mode menu

I Single - acting mode - High stage I

I Double - acting mode - Booster l

Indicator for Vj

YY1 P T
Cap-unload

To compressor
- suction side Qil pressure

10 Johnson ¢j)1’(,
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6. SR gAY R

> HH4ARVSD? :

VSDREI (Variable Speed Drive) NEFEHE, FXIR/ZMES. THEIAT], tEAIASD (Adjustable
Speed Drive) , 8¢&VFD (Variable Frequency Drive) ,

> VSDHYEFR

MR BRI LIEN, VSDALUEBAERARERREEANER T, BIREEBRHIERAN, M
AL TR — TR,

- TESARRRYSE N R :

WA iR, TRERREMASEN TR=ARRE. SRBTEFIREERENRERRE, SCRBABESERR.
Bt RS ERERRIEZN, B—RIBEAFAER. RIERFEST, XNRZEREPIISRIERE,
AJLAAUETIEZiKR. BidVSD RIREFEs, X MNSFRRAMIERE AR, NS 735,

Shorter "On" Duration,
Lovesar Woltage

| | —_— 650 VOC
Lovevear |I ! :
Frequancy, |
Loreser
“Woltage i ||

1 ] et
sl W

12 Johnson yj)l(’
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6. SR gAY R

Optimum

Better

Inefficient

13

Constant Speed
@ 100% Cap.

VFD @ 30% Cap.
S.V. Loaded

Constant Speed
@ 100% Cap.

Constant Speed
@ 100% Cap.

Constant Speed
@ 30% Cap.

Constant Speed
@ 100% Cap.

@ 70% Cap.

@ 60% Cap.

Johnson ﬂj)l(,

Controls




6. SR gAY R

Capacity 20% -100% Base Loaded, Capacity 100%
(720 RPM 3600 RPM ) 3600 RPM
100% Slide Valve 100% Slide Valve

The improvement in part load efficiency will vary based on...

Compression Ratio

Minimum Speed
Volume Control

14 Johnson ﬂj)[(,
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6. SR gAY R

194.8psiaD / 48.7psiaS 194.8psiaD / 19.48psiaS
4:1CR 10:1 CR

Example: Improvement at 40% capacity by speed
over 40% capacity by slide valve

4:1 CR =19% Improvement

10:1 CR = 33% Improvement

15 Johnson #j)[(,

Controls



RWFII-270 @ 20°F (-6.7°C) SST/75°F (24°C) SDT / 2.9:1 CR on Ammonia
Slide Valve, VFD and Ideal Part Load Efficiencies

500.00 1
450.00 - —e—S.V. Control

475HP

400.00 1—m- VFD Control
350.00
300.00
250.00
200.00
150.00
100.00
50.00
0.00

Horse Power

0% 20% 40% 60% 80% 100%
% Capacity

1o Johnson #j)[(,

Controls



6. SR FEFRHHIR

A

Percent Slide Valve

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Capacity Control Strategy

AN Speed
SV
_7/] Speed
0% 20% 40% 60% 80%

Percent Speed

100%

17
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7 ERHL IR FESE

O Classification of the applicable technical standards

Exclusion from Other Class 2 Class 1
Application _ productions 48 producer _ producer
- - 20 Tons i
Grade 2 R717 Units Exclu5|.on from Othe.r Class 2 Class 1
Application _ productions 4 producer _ producer
' - 5Tons - 50 Tons
Exclusion from Class 2 Class 1
Application producer _ producer

Grade 1 HCFC Units

60 Tons
Grade 3 H C Units

13 Tons 120 Tons
Classl requires: Class2 requires:
» End users to sit an exam every 3 years for safety > Does not require the 3 year exam, full time person;

and employ a full time licensed refrigeration safety » Modifications are permitted.
person for traditional turnkey installations;

» Packaged units do not need a full time person;
» New installations require government approvals;
» Modifications require government approvals

O Example:
Below is an example of comparison between TCMO-28 (2-
stage recip.) and CMO (single stage recip.).

O Daily refrigerating capacity calculation bR @EEET Ve ARG I
single 2-stage system

v R-Daily refrigerating capacity (Legal Ton) Vi, 58.3 m¥/h
R = C C- Refrigerant parameters v 175 m3/h v, 175 m?/h
V-Compressor swept volume v 58.3+0.08*175=72.3 m*/h
For 2 stage compressor system V =V, + 0.08V; C 8.4 C 8.4
V,,-high stage Compressor swept volume R V/C=175/8.4 R V/C=72.3/8.4
V;-booster swept volume - 20.83 Ton - 8.61 Ton
19 - High Pressure Gas Safety Act Johnson

Controls

2



7 ERLNER ESET

4
J

KA 5T

FRHLXUZK

FHAE §—ig
¥ (BFP ™~ ( .tp,zgy/'
AN .

S N

Al

TUHLRLZK

BIRMNE . SRR, BKSRERGRLD T50%H Git=SE], (K 74N,

BIWNRRR : AESRERE, RS TRILES, COPRYR, RAXEMN, /F50
BEimA, AR, MeEEERNFE, BEK;

20
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1 E7RH S EaEIA

2. TQRERIRFP&ID
3. D@ RARGEE AT
4. T RESemEIEkMG:
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L B EYETEAR

2 - SIS RIEANIRG: L (23K
E) | SRR BREIPREE.
BEER S ‘
W
P2 RK FE) R4

R ERDST

1-2: HWHEEREIE
2-3: [BIELEE
3-4: FHETR
4-1: [BEFEKR
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3. TN GRAERNEE- 12 5E=S

Log Pressure (bar)

Subcooling
Desuperheating

i Condensing

Bubble point

Enthalpy (kJ/kg)

a-b: IHFEEFSEAEIPINEE, BER15~25%
b-c: S 1‘@“‘“73,&'1‘5 BERUE, HERT70~80%
c-d: WINTE, BER2~5%

Johnson /)I('
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3. T QAR ABERIBY- 125k

KSFERQEER

E1S

HV- Mdn @ °C

L @ - WP AR

w
Tl

.
[ L
=
=
o
=
5\.&'
~
=

Johnson V))I(,

L _ _ ] HX-101
WRA DN--X--
HIHREE @ °(___ kPa
RONEE 0 °(___ kPa
3k | |
HV- X
H &=
ot gas affle =
linlct ;a?! Tube ey
sheet 3"‘" W
N ~a®
" P X X |
Water out / / | Y , 0
P ¢ 0
= lJ
e RN e e
-'——/ = _ |
Liquid line

Controls



3. T QAR ABERIBY- 125k

L2 FERR

ROSSUSEREBIEITRAME, Bk
B, (ESERENATIEEE,
IS Z

8 Johnson ﬂj)[(,
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3. T QAR ABERIBY- 125k

A\ QR

F/g-gn\ T e
kiR
— 1 ks .
Sunnmn s, | 2Rl e FKEO S ERG
w2 ETE, BATEETK
L, (BYIANRS.
} S0
SEHAH |
#O N — \
e = _— |
]| IS
{ &%
A | S ) \
massas (¢ ER@

i 5 a
9 o T Johnson //})I('
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3. TAQGFRABRPEMF- LB R A e

Evaporator

ab: SIS
. O\ b-c: FHRBSRPIERISHIESSM
c-d: RIS

Gl SV R T WE
r —+—d EH, YTFRE, &H—ENRS
S REFTFIHLEEREIIR S TR,

o

iE: LADX#EF&=R7AH!

10 Johnson 7})1(,

Controls



3. T RGRABPEMF- LB N A en

T L FRERE

Fht BEPEY e |
A0 mi/h >RRE§{;:I\:I&
e o Lo > BRI
>RSI
a 3/ SW 3L SW >ﬂ7k&7-kﬁ%-}§?§%u (I]E_)
m TIC TAL TALL o 8 B o
O ™
HV-
@%:: - E%E(]Omm e o %’n
SEARRARY, :
gl " iR
HX-103
AR% DN--X--
BHREEG -
=)
W
Liquid being
chilled
L It
I ¥ el P it 11 [ "~
J
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Controls
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3. TAQGFRABRPEMF- LB R A e

e :
>TRRAREEERE, ZTFI0L;
>HISFIERREER, AT, JEEESKHGEIZEEYEN,;
>HEFIFEIEEN, REHRIZEASEAILS3;
TR
>R RS EISERITH, HEHERIK
>R IKEILREEHBIR, BRESEBE/N
> B wliS I ERER,

12
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3. TMQGRFESERMY- DB R

| LSt
s e .
BAGHE R I,PSD m\ 1 ¢
LR ;{ o
ﬁﬂ}’ﬂi Hx m Hy- / Tan
fﬁﬂ e 3 ol
\/ Iﬂ-\ / T[ I , ? L
Fil[\ @ \ / /f \ A\ = E 'f{ =K G
f I T SHAER DN--X-- :| [EThY 1 j
pel = . LiH
g lc=XX . 1 j>
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i | s T
\ T | T
FHE BaEPER f w -
?
R
Ie- = ! T 104 00 554
- &) W AT
gﬁu_ntmirl- HV _'_H %—‘
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g i . _
T TREmS T T

PRI A R
> BALEFI RS
> F BRI
> FRMER T
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HCV-
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HV

FER

HfEs
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> INSON ))1('
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3. TAQGFRABRPEMF- LB R A e

Eliminator
HH‘* WHpOr
. -
™ Dyrovproul f -.r:ﬁﬂ , Liguid Tube
M area -, ' 7 level f,x*’; sheet
- T ™ . B
\“‘x : - y Chilled
L T T 17T ||||||14|||||||||||||-1|||||| water outlet
F] ~ —
I —
; =
I|- T I
-'l_ — =
(1] s H Chilled
Dristribwetor Refrigerant water inlet
inlat T
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3. T RGRABPEMF- LB N A en

BAAEFI RS
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3. TIWQEFRABPEI- LB N E LR

R=:
> ERESSETLREHISHIRIAF, BAERS
> HRFIER AR TE, EIOREN,;
>ES UMM SSENESN, SEENEETNEESIESRERE,;
> RESBEIX.

TR

EER, FIEEEX

>jﬂﬂﬁltu&=h%ﬂ§, FLRRERITHRSR
>HEIRFIFTEEKR, AS
> R E RN BRI S
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3. TAQGFRABRPEMF- LB R A e

———— HY- iﬁﬁﬁﬂ* $an
RTINS A ER & @ —

>%:ﬁ1ﬁ?§%_ﬂ§éﬁ ‘
> ZFEIRIE ‘
> FRFESIA

iumm.
ERPERARTA

ir@__ °C
Ap=_ kP

HX-103
SRR DN--X--
ik e _

x
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3. TAQGFRABRPEMF- LB R A e

e FFRET IR A2 RRRILLER :
> ZRmEBRERT USRI
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4. TNk

SN
=473 0N

R

BB

IR

RN BB 5
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4. TNk

3k

SANS

=430

Stk

ENER Y- fifiiE

g

HX-101
AR DN--X--
HAEEE@ _ °C_ kPo
REMEEE @ °C_ kPa

34

L

ki
@

WU paesmatinat B EREh GRS

fitiE

weErR FRERE. RIE{ER
SITFEEEAMNEFRIFLF;
[EENRMER, HEFRR

FEHR.

R MEERASRIEHERY
&S5, it OXBERM
IEAARIR, AMFETR, L
iRFEANQUTTZS5E N
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4. AR FHEN M- 25T 5
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- I SRR,
BRI
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4. TIQERGHBRNEMY- 25T e

A p

4 ‘ 3 Po 6 \
Po|——————~ a / "- I
| / f I
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|
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12 REENANBER

12.1 2021-2023
12.1.1 FAS5REEEHNLESE
14 5IERIE A RA L]

12.1.2 BARMARET 50w/ cm2 IR

BUARGRBIT 50w/cm2 BIELIA IR 1RV Ol IE A fOEIE SUH ;
AL

FR A Bl

S¢+

12.1.3 It ESER
111‘*'1‘&@%1%%. ]_ﬁ%

12.1.4 RS RAREES
R E S R SR D,

12.1.5 #R#E hd B, SEERETRERIEZKTIREE

R#E hd [E, SEBEFERMESSTHEEE: ARESEE (LR W E—ERE LR
AR, (B ANRE A A R AE S U T AR A )@o BT AR R TS KT R
B, WEHREILTTK (g/m?) Ron. BIARAEIRER LSRN KRR SE bR E &, HEIHFAFHE
IR PERIFEN, TR R R TR A R

T AER I RAL T RAESE,  FRATTIE B 1 A P Bl i «

L R AR R R AR 2 P SEPR KIS B 5 R R AR S BRI b, W AL 7
R . ATDRHE B RS S0 M S R SN TR, DU B RS TR IR . Billn, 40

2. FR R FR AR AR AT KT B R TR OT A6 eSS UK IR o Bk IR T DA
R P RAKIE R, BRI, & — AL .

itk BARSREA LR —ERER, EEA. AEFRAE SR TERAER, AR A EE A
L PR A B FH RS R A

12.1.6 JEFRABRNLGN, ZUSERSEIMSESKEBRA, ATEEHA
EFRARNGN, KIMSESEHSESKEYRA:
1. SRRt IS 75 20 RE s A i A5 T DR o B ANARE PRI AL o

o TEEIR (40 316L AN HA RAFHIm m i vk e st A et g
o REAE (W Inconel 625): FEMNF IR T AW KITUE A HTEIERE
o SKEE: WERVEM SR BA UL MRt se, HRARR .

2. TR HeAas 5 20 T RENS 75 = A5 rh RIS E FUAS L o
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o W (W0 316L NG AERRVER AT T BA R AT IR vk e -
o SKEE: XRZHIFUENFTHCRA RAF KR
« BIKEE (I Hastelloy C276): X % il M4k 2 i BA B s iR 2 1k
1 ERABAR: T TRl s, SR, 5T 4r ik,
o LEHIEER:
— B LRI R TR AR, AR SR
— FEik: B ORI AR A S
— FPKFNEM: RATAH RO S T bR, RAE S A A AR 12
2. RIS AR, AN, (H SRR & AT A R R T T
[LEZRE R
o LEHIILER:
— ARFr: SRR R T AR, ek & S B -
— BEERE. RSN WA, R
AT EENMER, BATA DAL ] AN Tt R B

I I

I AR |
| e + |

I I I I

I I TR I I

I | (FN/REL D) I
I I I I

| e + |

I ESES I

1 5l EE B AEIN RS & AR, LB Ao BRI S fr i o
2. BR: WEMERE R B A MBI & e, 0T i AR 8] AR A
3. Bk MEAIAMFERIARE B ORI R R 2 A TN A B AR E
TXRE I BETE RENS FE el B PR T T 3R B R, R IR ORIE e 4% P A5 P A i A 2 A

12.1.7  AOSHIAS RUSHIA LR
HOAHB S KA BRI EE.

12.1.8 BBHAEHENTREF[M ph B, FIRES cop iHE
A EGEN TREFRM ph B, R85 cop HHE: WAL TkA TR R 5



Liu Jian 3210101860

12.1.9 #MHEHE
MBI E: 1%
12.1.10 ZELFHAEHN S AESEXFREXBR; HREEMIER
ERREIA RGH, RN N R X AR E X2 A T SR A T G IR A 46, Mk 21 61 ¥4 1)
H E/‘Jo E\‘,TZISﬁD—F!
SEXFAEEXHIEN :
o IRIERX: HIAFIAER K 28I E 28 AR E AR, BEANEZEHLKRA .
o BERX: EHHUBERE X FRERE SR ES A SRS AR, HEAA .
H e

o ENRFA: RAEHUE T EAE R IR X S48 B m e X o 3l R4, v 70 il AN
DT e, ARG AL VG ol P BRI a1 BT

o TEIAERZN: e AR 20 XA B T oI FIE RGENTEIR . HITEZ RS P Iie, 7 2l
IEAEHUERTE I A7, BHAE R s T BCRR B R B R 77, R BIZR S 4R S A 3A

o EHERAE: R ORI DX e, ] DAAT 2 il il v 7R B TRLRE S LA 28 R A AR MR SO A i
PR, ARV eSS TPATHER, AT SEERA ROR -

R R, WRAEE (KRB EBE ) AN EE/EH:

o BHRES: "SRR ER R EBESHA TR S, BT R RIS A SIS S
VA R L FR) R B
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