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Other scales for measuring a vacuum

760,000 microns is
equal to 14.7 psia

29.92 inches of
mercury is a

perfect vacuum. All
14.7 psia of

atmosphere has
been evacuated.

Vacuum

0.0
1.3
1.9
7.9
21.0
34.0
47.0
50.0
61.0
74.0
87.0
88.0
89.5
90.8
92.1
93.0
83.5
94.8
96.1
96.6
97.4
98.7
99.0
99.9
99.9
99.99
99.999
100

Torr
(mm

Mercury)

760.0
750.0
7356
700.0
600.0
500.0
400.0
380.0
300.0
200.0
100.0
90.0
80.0
70.0
60.0
51.7
50.0
40.0
30.0
254
20.0
10.0
7.6
1.0
0.75
0.10
0.01
0.00

inches
Mercury
Gauge

0.00
0.42
1.02
2.32
6.32
10.22
14.22
14.92
18.12
22.07
25.98
26.38
26.77
27.16
27.56
27.89
27.95
28.35
28.74
28.92
29.14
29.53
29.62
29.88
29.89
29.916

kPa
abs

101.4

99.9

97.7

93.5

79.9
66.7

53.2

50.8

40
26.6
‘132-3 It takes about 25,400
107 microns
93

8 To equal 1 inch of
6.9
o mercury.
53

4

3.4

2.7

1.3

1.0

0.13

0.1
0.013

0.000193 0.000394 29.9196 0.0013

psia,  Inches
(Ib/in?)  Mercury
abs  Absolute
760,000 14.7 29.92
750,000 14.5 295
735,600 14.2 28.9
700,000 135 276
600,000 116 236
500,000 9.7 19.7
400,000 7.7 15.7
380,000 7.3 15.0
300,000 5.8 11.8
200,000 3.9 7.85
100,000 1.93 3.94
90,000 1.74 3.54
80,000 1.55 3.15
70,000 1.35 2.76
60,000 1.16 2.36
51,700 1.00 2.03
50,000 0.97 1.97
40,000 0.77 o
30,000 0.58 1.18
25400 049 1.00
20,000 0.39 0.785
10,000 0.193 0.394
7,600  0.147 0.299
1,000 0.01934 0.03937
750 0.0145 0.0295
100 0.00193 0.0039%4
10
0 0 0

29.92

0

o 1 psi (Ib/in?) = 6,894:8 Pa (N/m?) = 6.895x10°% N/mm? = 6.895x10°2 bar
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Changed to low pressure. Still a liquid.
EVAPORATOR P Temperature drops.
>

_ .
Metering Device  Filter/Strainer

bl

Sub cooled liquid, at ambient. .

Still high pressure

SUCTION LINE

Should be nothing

Super heated vapor.

but vapor. Still low
pressure.

INSIDE BLOWER

Temperature of
refrigerant remains the
same through-out
condensing process.

Discharge
Line, High
Pressure

Cool Low prespure vapor.

y

— = =

E,
=" = = | \

Condensing process almost )
A0 Q=20 Vs—= |

finished, refrigerant begins
cool off Still High Pressure.
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7L A AX  AX AT "
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Solid column of
liquid.

Filter Drier
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ge/Temperature Chart

re R-407C R-407C
i Liquid Liquid  Vapor
Pressure [Pressure [dEERIG Pressure Pressure
-50
-45
-40
-35
-30
25
-20
-15
-10
15
20
Low side boiling gg
point 38°F 5
0
45
50
55
60 . .
65 5.4 10.1 | 77.8 125.4 (104.8 |184.6
70 2.7 12.6 | 85.4
136.9 |115.2 |200.6
75 0.0 149.1 |126.2 |217.4
80 15 10 162.1 [137.8 |235.3
85 3.2 @ 11 [0 175.8 [150.2 |254.1
ngh Side Condensing 90 4.9 A 1 5 § < - > R > . 190.2 [163.4 274 .1
point (energy eff.) 95 6.8 27.5 |130.5 |201.4 | 1138 | 4.2 95| 203.1 | 219.4 | 135.3 |109.4 |205.5 [177.4 |295.1
105°F 100 8.8 31.1 |141.1 |216.2 [ 1241 | 6.1 100 | 218.7 | 235.9 | 146.0 | 119.2 [221.6 |192.1 [317.2
ﬁ» 105 | 10.9 35.0 [152.2 |231.7 [ 134.9| 8.1 105 | 235.4 | 253.4 | 157.2 [129.6 |238.5 |207.8 |340.5
&0 732 39.1 [164.0 |247.9 | 146.3 | 10.3 110 | 252.1 | 271.7 | 169.0 [140.6 |256.4 |224.4 |365.0
115°to120° 115 | 15.6 43.4 |176.3 |264.9 | 158.4 | 12.6 115 | 270.2 | 290.9 | 181.4 |152.3 |275.1 |241.9 |390.7
] 01Es 48.0 |189.2 |282.7 | 171.1 | 15.1 120 | 289.1 | 311.1 | 194.4 |164.7 |294.7 |260.5 |417.7
Conventional 125 | 308.9 | 332.3 | 208.0 |177.8 |315.2 |280.1 |445.9
condensing 125 | 21.0 52.8 |202.8 |301.4 | 184.5 | 17.7
temp 130 | 24.0 58.0 |217.0 |320.8 [ 198.7 | 20.6 130 | 329.7 | 354.5 | 222.3 |191.6 |336.7 |300.9 |475.6
: 135 | 27.1 63.4 [231.9 |341.2 |213.6 | 23.6 135 | 351.5 | 377.8 | 237.2 |206.3 |359.2 [322.9 |506.5
140 | 30.4 69.0 |247.4 |362.6 | 229.3 | 26.8 140 | 374.3 | 402.2 | 252.9 |221.8 |382.6 [346.2 |539.0
145 | 34.0 75.0 |263.7 |385.0 | 245.7 | 30.2 145 | 398.1 | 427.7 | 269.3 |238.2 |407.0 |370.8 |572.8
150 | 37.7 81.3 [280.7 |408.4 | 263.0 | 33.8 150 | 423.0 | 454.4 | 286.4 |255.5 |432.4 |396.9 6%@

TENNESSEE VALLEY TECHNICAL PROGRAMS



Pressure Temperature Chart

\ MP 39 ) P62 | FX10 FX56 AZ-20
R123 | R134a R-401A R-402A R-404A | R-408A R-409A R-410A

Liquid | Vapor | Liquid | Vapor | Llquid Liquld \Liquid

81 | 132 | 68 6.3 50 33 68 131 1.6
51 1107 96 94 76 56 35 ¢ 107 14.9
79 | 128 | 124 104 8.2 0.0 81 | 185
10 | 48 160 154 134 1.0 20 51 25
30 14 196 = 189 168 141 41 19 %9
52 12 | 286 229 205 175 6.5 08 316
A R T R | 245 212 90 28 3638
103 55 | 6 47 288 252 18 49 425
132 0 80 | 376 367 385 25 148 712 486
163 107 | 431 421 386 342 181 97 55.2
197 137 | 490 480 440 03 | 207 128 62.3
234 168 | 553 542 499 448 285 154 700
214 204 | 621 609 56.2 50.7 206 187 783
37 242 693 684 834 5701 M0 - 222 4 82
¥4 83| 771 758 703 63.7 87 260 9.8
43 328 | 854 840 781 710 | 438 304 107.0
466 ¢ 376 | 942 928 864 787 | 492 U5 118.0
524 427 | 1040 1020 | 952 87.0 549 392 130.0
585 482 | 1140 1120 | 1047 95.8 610 443 1420
660 541 | 1240 1230 | 1147 1051 | 676 498 156.0
719 604 | 1360 1340 | 1253 151 | 745 556 170.0
793 672 | 1470 1460 | 1366 1256 | 818 - 619 185.0
874 744 | 1600 1580 | 1486 1368 | 895 686 201.0
954 821 | 1730 1710 | 1612 1487 | 977 758 2170
1040 902 | 187.0 1850 | 1746 1612 | 1064 834 2350
1140 989 | 2020 2000 | 1888 1744 | 1155 915 254.0
1230 108.0 | 2180 2150 | 2037 1884 | 1252 1002 | 2740
1340 1180 | 2330 2320 | 2194 2031 | 1353 1094 | 2950
1450 1280 | 251.0 2490 | 2369 287 | 1460 1192 | 370
1560 = 139.0 | 2690 2670 | 2534 2850 | 1572 1296 | 10
1690 1510 | 2880 2660 | 2717 2621 | 1690 1406 | 3650
1810 1630 | 3080 = 3050 | 2009 2102 | 1814 1523 | 3910
1950 1760 | 2380 3260 | 3111 2801 | 1944 1647 | 4180
2090 1890 | 3500 3470 | 3323 3089 | 2080 1778 | 4460
240 2030 | 3720 3700 | 3545 3207 | 223 1916 | 4760
2390 2180 | 3960 3930 | 3778 315 | 2812 2063 | 507.0
2550 2340 | 4200 4180 | 4022 3743 | 2529 218 | 5390
2120 ¢ 2500 | 4460 4430 | 4217 3981 | 2693 2382 | 5730
6 2090 2670 | 4720 4700 | 4544 4230 | 2930 2864 | 608.0
Black fiqures = psig
Red figures in italics = inches Hg. Below 1 ATM

§1.7 1016 m2 | 514
63.7 110 90 64.0
70,1 1214 6.6 711
769 1320 40 786
8.1 144.0 $ie 86.7
917 156.0 09 9.1
97 168.4 25 104.2
108.0 182.0 42 138
170 196.0 6.1 124.1
1270 2110 8.1 1349
136.0 2064 103 146.3
147.0 2430 126 1684
158.0 260.0 151 171.1
169.0 2784 177 184.5
1810 2968 208 198.7
193.0 3170 26 2136
2070 3973 268 2293
200 369.0 302 2457
235.0 381.0 338 263.0
lack figures = psig
e figures in italics = inches Hg. Below 1 ATM
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Refrigerant enters the Film Insert HARV/ Page. 13
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for A/C with fixed Orifice R-22 (Table 4)

Evaporator Inlet Air Temperature Fahrenhei

54 56

Outside Air
Temperature DB

60
65
70
75
80
85
o0
95
100
105
110
115

13
11
8

17
13
11

4

58 60 62
18 20 24
15 17 18
12 14 16
10 12 14
6 8 12
4 6 8
4 6

4

As the temperature outside goes up

the superheat goes down.

As the indoor temperature goes up

the superheat also goes up.

64

26
22
is
16
14
5

> 3

/

66

28
25
22
18
16
14
i2
11

6
S

68

30
28
25
23
18
17
15
13
11

8

7

5

70

33
30
28
26
23
20
18
16
14
12
11

8

-

36
33
30
28
27
25
22
20
18
15
14
13

74

39
36
33
30
28
27
25
23
20
19
18
16



EVAPORATOR

LIQUID LINE
| SUCTION LINE
SUPERHEAT READING, WHEN CHARTS
| ARENOT
ABOUT 12 DEGREES AT+ AVAILABLE
THIS LOCATION AND
WITH AN OUTSIDE
AMBIENT If the outside temperatures are
TEMPERATURE AROUND higher, expect the superheat to be
THE CONDENSER OF 85 lower. If the inside temperature is
INSIDE BLOWER DEGREES. higher expect the superheat to be
higher

INSIDE OCCUPANT AREA 70
TO 72 DEGREES DRY BULB.

ENTERING REFRIGERANT, CONVERT THE
LOW SIDE PRESSURE TO ITS BOILING POINT. CONDENSING UNIT

AT 65 PSIG R-22 BOILS AT 38 DEG.

TO DETERMINE THE TEMPERATURE OF THE '

LIQUID LINE




Sub-cooling

Evaporator Inlet Air Temperature Fahrenheit (et Bulb

OQutside Air
Temperature DB
75

80

85

20

95

100

105

110

115

57 59 61
31 30 29
30 29 26
28 27 24
27 25 22
25 23 20
23 20 18
20 18 16
18 15 13
15 13 11

for A/C with TXV R-22

63

27
24
22
20
19
16
14
11

9

65

25
23
ol
19
17
14
12

g

7

67

23
21
19

17
15
12
10

7
5

69 71 73
2. A9 17
39 T A5
18 16 14
16 14 12
135 XL S
10 8 6
8 6 4
5 3 1

3 1 0

10



EVAPORATOR
(—
——)

- - LIQUID LINE

e — —]
|

OBTAIN TEMPERATURE )
OF THE REFRIGERANT
ENTERING THE

CONDENSER BY OBTAIN THE TEMPERATURE OF
CONVERTING HIGH SIDE THE LIFQUID LINE LEAVING THE
TEMPERATURE

PRESSURE TO CONDENSER H

INSIDE BLOWER SUBSTRACT THE CONDENSING TEMPERATURE

FROM THE TEMPERATURE OF THE LIQUID LINE
THE RESULT IS THE AMOUNT OF SUB COOL

\

CONDENSING UNIT \/

H
65 [m=—==w ==

— —

30 I 90 s = T3 N
=00 OV
\Z‘ew ) O a0 ax~—- 0 I\
0 200 »
L A <X WX Az =
V q [ ] \Co— s T ), u
— ——4 —
4@'& o) — — : = %
V QUID

11



INSIDE BLOWER

DESIGN PRESSURES _ | |

CONSTANT LOAD A N~
O 0)d

*Condenser ambient temperature—85 t0 90 deg| (== —==5
e = & ==
«Evaporator Boiling Point—38 to 40 deg )

«Condensing temp /energy saving unit 100 - 105 ¢ o |
«Conventional Cond. Temp.-- 115-120 deq ) M| u




PR T T T T

INSIDE BLOWER

L N L L L LN LS
R A Dk Ry

Both Pressures Low

1. Leak/ low charge. ﬁ%

2. Restriction/ clogged metering devicg

3. Inside air movement restricted.

4. Cold outside ambient.
5. Cold inside building.

13



INSIDE BLOWER

Low side pressures High

High side pressure is Low

1. Low capacity compressor.

2. Metering device flow check piston
IS not seating.

3. If the unit is a heat pump, the
reversing valve may be leaking

through from the high side to the low
side.

14



i— =
I — = /
\ = —— e .

= Checking the Pressures

I ] ‘
= ST

e ——— [
\ ;t*)
,:— A = |
\

el

H

N
TOO MUCH LIQUID IN

THE EVAPORATOR

TOO MUCH LIQUID
IN SUCTION LINE

INSIDE BLOWER y R-22 |

Both Pressures High

1. Over-charge or air in the system.

2. Outside air movement restricted.

3. Hot outside ambient.

4. Hot inside building.

1
STACKING LIQUID IN THE CONDENSER

15



R-22 Q 7 SIS TS LS S
el . O IR MODVE, |5

CONDENSE 100 Dgegrees Py 2272 A
g/ -~ I .//

. ! ﬁ
HH < %
| /- ] usEEs — DISCHARGE LINE %
] — 100 to 120 degrees =
3 \/ | ’ =
</ { \ersiii i SR P 65
N Jain 30
/!
as ; ‘ e ] SUCTION LINE
7 A ~— Z l
S e 55 to 60 degrees 3

\/1/ { < A , ,
4 ' sometimes reaching the
200 dew point.

ol N

Degrees 0 500
AMBIENT AIR d PSIe ,
LIQUID LINE WET SUCTION LINE

BRSS9

If the unit is operating properly,
with an ambient temperature of 85 | 90 to 95 degrees
degrees, the condenser air should be

close to 100 degrees.

7 v’ € enel e

el v 4

] v




EXTREME HEAT

R-22 HEATED AIR 4 JOVEME,
CONDENSER 1 10 to 115 Degyees ///I//I!
" ‘ ‘ I ST 4

DISCHARGE LINE
115 to 130 degrees

OO0 OO0

aaaaaaaaaaaaaaaaaaaaaaaa

SUCTION LINE

60 to 75 degrees, hig
super-heat

sometimes not reaching
the dew point.

g T T o T T T T

85 Degrees LIQUID LINE

h dry Suction Line ‘

AMBIENT AIR 95to 100 degrees

Condensing is still taking place further down the liquid line. 17



R-22 /
CONDENSER 0/

OTHERKgASOMOR HIGH

CONDENSER TEMPERATURE:

*FAN RUNNING TOO SLOW
*WRONG PITCH ON BLADE

*STRUCTURE AROUND
CONDENSER BLOCKING AIR
FLOW

*EXTREME DAYTIME
TEMPERTURE

HEATED AIR

0 to 115 Deqgyee
‘ v/ ‘:' v .//

LIQUID LINE
95to 100 degrees

e/ 4 III//’II’//’
. > J ‘/ ‘/

I o

DISCHARGE LINE
115 to 130 degrees

/v
SUCTION LINE

60 to 75 degrees, hig
super-heat

OO0 OO0

sometimes not reaching
the dew point.

¢

X

P,

arm suction line

Condensing is still taking place further down the liquid line.

18



SUPPLY AIR

50 TO 55

DEGREES

| SUPPLY
AIR

......
e e e L G

R e e e X e e K e~ ok

S R e R

PR S
A AA A A A

A

INSIDE BLOWER

e e S /08 v/ v A

SUPPLY AIR
()7

N,

LIVING AREA

RETURN AIR

<—

FILTER

~zzzal SUPER HEATED VAPOR
IN SUCTION LINI%

70 TO 75 DEGREES
RETURN AIR

19



SUPPLY AIR

22 TO 25 DEGREE DROP ACROSS

iger

iece

«
-,
-
o
o
o
B
b
-
-
B
-
-
e
v

INSIDE BLOWER

EVAPORATOR. TEMP. DROP WILL
i BE HIGH UNTIL THE COIL FROSTS
OVER, THEN THE SUPPLY AIR
WILL BECOME WARMER .

200
100\ 300 LIVING AR
65 o TGH 5o
30 90 PSIG
~
LOW 200 ICE COLD
PSIG | suction
— | LINE
RETURN AIR e
zg%‘géggg
ié r wl =\ G \| & =l
(ALY ==0T 191D
(ZALL O == T 1Y

% FILTER

20



LOSSI0RAIRIORERATION

SUPPLY AIR
SUPPLY AIR

/ POSSIBLE CAUSES:

o ‘ -DIRTY FILTER

-CLOGGED BLOWER WHEEL

e AL A o N -RETURN AIR BLOCKED

3 -BLOWER RUNNING SLOW

-BLOWER RUNNING BACKWARDS

-DIRTY EVAPORATOR COIL

-TOO MANY SUPPLY GRILLS CLOSED

OFF
-LIVING AREA TOO COLD, RETURN AIR

LOW ., BELOW 70 DEGREES

PSIG ICE COLD SUCTION

a

AT LINE POSIBLE FROST
RETURN AIR

B e Aty

"~ FILTER

INSIDE BLOWER

21



