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CHAPTER (47)
COOLING SYSTEM TECHNOLOGY
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47.1. Vehicle Cooling Systems
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47.2. Cooling System Functions
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47.2.2. Maintanining Operating Temperature
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47.2.3. Reaching Operating Temperature Quickly
C C C o Q N C C C < C Qo Cco < o C Q 0O
GQCQICU)O)(\?:(?O @SG(\)’JC('QJG:(I)@G(T)OC:@CH 8§3®02[§C2I GQJ’DSOLHOOO)E@CEI 800)03&{]02[%0“ @2?:

RO3godgecmiiatiad (gilgangreog0? eqpiqpiglas 2Cqcees apdaydesearnmpgsad (o8l
@%@%GGT)USQOWG&QII 39(\38$0500§®035(D 398(1]88%@3)20’](7) ?$m$or:)3980539®o:(7(§ @GGT.)('TSGCD:O’]UESII CI?_
el oé@oo&}éaoco&ﬂ%ﬁ@o:?o clearance ogooo@o% @é:c@o?oaén 335@5@39:@@0700 afaérué&gcog
C\)é: ({IO%éG§(YJO gé:@@’)éqp_s(m@i 8:%3@03(?@08 ES&G@O’IODéII 38:?5@(\7@08 39[;)@5390836@(\7055 £0?$33

0 —&n

G(\)O(’fg O’] O’] @610’)0(%'_26(70) ESOSG(DO'] Z)Dé I

47.2.4. Heater Operation
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47.3. Cooling System Types
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47.3.1. Air Cooling Systems
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47.3.2. Liquid Cooling Systems
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3380(73@@ 0)0%:(33)()@60)0)5@9(5 [E_')I_C\?(SO"IQDé"

® \Water pump shaft—eqo§ﬂ5eqp§:m méoo@s@o:cﬁf oo@me@ 3950050)0@80% m:@eo:o]wéu

® Water pump seal -eqog,ag:(r% o<§<ﬂ<°)§§ o§3§3®@9:035 (ri:®§eogcx%8§§@§1@®q$ 393:?:@[0’]3)@(\"
® Water pump bearings - ¢q0§95050006€60303 003&:(03)e0200005000qE 03 3209298 0§53 v§adeoT
¢ p50053ySa68Eenas mdaolooniolanaSi
® \Water pump hub—eqo§ooc°>ogé m&@pg{(@mﬁmé@: 39@0:00@06035 sfaéocrscoocr% oo&ao&ﬂooéu
® Water pump housing -eqo<§3%(r3 35(33)33038$05[;9§[§[c950002m0 o§§1338me:n’3§(c§5: [59030']ooéu
® Water pump gasket - cq0§0050000503 cq0$5¢3CqIET(032:03¢ TRt §E03038606{e0qs 0G0l
20p51 005005300 RTV sealer or a rubber seal o3 293:(00lo0pS
c O [N C C oc C N < o < C o ¢ C o
cqu§03 qpieanmos(eé B@EqEeqdtien cdsolulapSi omgjmeéqenzen co:ormmSomd);s

[} ’] N
ey qoloopdi
(1) Water Pump Operation

Throttle body ISC valve

To heater
Thermostat

).

radiator

Bypass

pipe 3(57-9) equson eqo3cadeanndely
Mes Mpre0§e0303 o50p(3: 3Eq)c
260051 80Ealadsé 32¢:0505
888:6030803 Jeo:oloopSi gaoo0)
opofecaed sqphEossich 3o
2001

From radiator

Water pump
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(2) Electric Water Pump
N N Qo

og006eent:sCeanneaoszs 88cedomm(Bionondisceent:sc(G: mEqmrrogeoyaopSend
(:13) %m:@é(r&:ﬁ:@@éeoa(ﬁ? 39@39:5(?9 saaéz[élcﬂooén
47.4.2. Radiator and Hearte Hoses

Wire-type clamp

Worm-drive

o{57-6) snfeSeqpoogeh SemSapSiatingS: §ologdh
ki qprea030:(gs worm-drive clamp o3 @209:(gol20pS 1
v clenc:Qoresepqjien spring-type clamp o3 3223:(g0]

; IS
20 1]
Screwdriver @

47.4.3. Radiator
[0 Q N C c C {9} N _O N [N N OoOC © O
GEOPCONI D0 (PICO$GOZMD WD WOGIVICAIGIITPEIRN) GO g@oceooeo:o]oa@u [ [epleloales

3EqIE4eqd:3¢:00 ondaocoloopdi Q(gq—oo)ogé@@fo’] I

O-ring gasket
Inlet tank 99 Radiator cap
O-ring gasket

N

Q>

Petcock

WL VRVAMR

Radiator core Transmission

oil cooler Rubber /f
gasket Washer

(}(9’?—00) GQO?COOOOOS?CYBCO’] OéG&)OGQg(DSBO%USGQ(%éSGOgU% [;)(I)O:O’] &)é I

oC o N

oC o ¢ Q o) o < OCo[:C’]O’] <
GEOPCONONOPORC I20MNIOOIFYCEFMNPOIOI0D0II
o)

éﬂo: Gﬂ@@oézem:eog§§39(&@§&3[§0:sz@08
O% g)OG(D@(EG&)Q_IOE)lC\P(SwO:GODO LH(YSO%:C\B(DOD&S%(%E:@&O"OD@QII RG@GODOOR:C\)gGOg(T% eqor%éor%d%:m

qu@oc:c;co:saogc:@:aoézewmo @OSSZG@GODOGQ)GGOZ@Q 139([8608(7? 3303@80003803@0)0’]33@"

® Radiator core - Radiator core 2005 ¢qo3¢03

» 3
g
0
&
~C
Q
o3

le}

® Radiator tanks - cqo3cao§eann’ 200000:(a3)ocodemd(u¢(ojepS(B: Radiator core o eqe(gntieoy
§Se0gpods0cqulanpdi opeosecgmmolamagadardacas wdonéeozodancaoniolanpsSi oogjmnieoy
> transmission oil cooler o3 m:6q03E0360 c0pgagE:00p5 68000501 205 I

® Radiator filler neck cr% c;qor%én%o% %:C\)é@éq§§§ %:m§eogeqaa?or§espcrgcqjé eqo%écrg[g)éoﬁ
oqcﬁ%éeﬁ oqogaoomf)o% ooéaoésﬁ méeaoocrgooo::(ﬂoop_gu Radiator filler neck (opTeN cq](r_ﬂmoeogo
200660303 GqO3IEMBIBME:(8E 9es0oC:000:q0] 205 I

® Transmission oil cooler o3 ea503000:603¢0 Transmission or transaxle eqa803 26m2:88Eq5 eq0c0s
3’9%8:?0 mé%é:mé@mo(ﬁo’]wé"

C N

® Radiator petcockcrot) eqo%écﬁesgoogcofé:?o UR:C\);%@OQO% cq 0809)03@§ oqo%%éqc% moaocooo:cﬂoopjcu
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® Radiator cap—eqo%éo%sa@:o% oq(rgaooméacfmé:eaT@@: orrzzméc;og c;qscacj;orgcsqxﬁcqjé eqegﬁooochtz

< N O o] < < N ’] <
G@@G@O (939030? GC\?J?QIGO:G].Q? 0000 CCO2:0 OD@II

(1) Radiator Types
Gq035<7339§|[:39m:§5§|[:§1@: crossflow §\<§ downflow&-{i @&ﬂwéu Q(gq—oo)ogé@éo'] I

Inlet from engine

Inlet from engine

Cooling fins X
o Filler cap

Direction
of coolant
flow

Direction
of coolant
flow

>

il

Transmission
oil cooler

i

\

Outlet to

Core tubes engihe;

Outlet to
/ engine  cooling fins

e Core tubes
Transmission

A oil cooler B

Q(gf?—oo) eqo%éo%sa%psam:?o%éj[:%&wéu A—dOWhﬂOWGGlOf%é(TgCQ&%FBDO)OSESOS@Z core tube eogo% 3col
em(ﬁ@[cx?éooo:ofloaéu B — crossflow cqor%&rg:faeﬁlzsam:@og@: core tube eogo% eq@é@esaor%é: eoo:o%o%
E)chﬁooo:o]oopéu Crossfloweqo%&rgageﬁlzagoo:cﬁ e§0(ﬁa§:GoT995305@<§mo:eogga oocrgaoccsor]oaéu

(2) Transmission Qil Cooler
Transmission oil cooler o3 eaa503000:603¢0 Transmission or transaxle cgpa803 em:88Cq5
o

GQO?EO%S’BOBE‘J?D OO@SO%E:U)&QG@OO‘SO’]OD@QII (}(9?—3\])085@@?0'] Il

Radiator

Automatic ) .
transmission Direction
0

d(gq-o) Transmission or transaxle cgpad0?
<

%G%:é%éqg 6610380%3’30883(?’3 oopéagc:ooé

i N <
~__—"Transmission GmOOOO’]O\)@II

cooler lines

(3) Radiator cap
eqo%&r%sgc}:cﬁ? oqﬁmméc@mé:eﬁ@@: orrzzm§eog eq@qgorgeep(ﬁoqjé eqa?moé][:
e@ée@é 8390:03 c;cqpqeo:q% ooéaoéooo:o%aéu

Pressure relief valve spring
Upper sealing gasket

Upper sealing
surface

Overflow tube

{)(97—0?) eqo%&r%sg(}m% oq(rgaoomf)cx?mé:eaT @@
03:0)@@03 an%gorgespngc\ﬂé eqaqoooe%p e@o%e@c\)
Cam locking S S

[} C C N
eam i Safetystop  OFNOD GOQPRYICOE$ oooaocooo.o’]oop_au
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(4) Radiator cap vacuum valve
5EqE03a5c805ea0m8] cqadBmays: micofeoy soStagoidloopSi BSomicofeoged 33

GC\ZU’J(YSE.)%ES@SGO:GT% (.)qO’S@OO’)(S?O GC\)LDO@OS@O:O% U)(S&D(S[E)Z (Y&:C\)é@gg E.)c%OéG(D(.ﬂCDéII (‘;)(9?—09)088

B35l

Modern Automotive Technology

Gasket retainer Stainless steel

swivel top

BETEE Rubber seals
Filler neck —

z Main spring Q(‘}?_O?) oel(ygaoomf)ﬁ% o9 0808?9 ooﬁaoéqo']

<
Radiator top tank / \ Vacuum valve M

47.4.4. Cooling System Fans
N o [} oCcC © O N o ¢ N N C N N C C N
0§OID0) GEOGORM eqo?cooo?@oo@: eplepElepteoIN ooosocqcﬂoo@u 020$6/000050Q|CEOMC G
oOC © O Q@°0C‘ < N C o ’1 < < o < C N o C C'° C‘° o C
Splelonten) ec\)cog[ggoooa.,c%cq@ 0§02000000236)010PO 11 VSOVOY FCQICONCH wm@l,[;sgeeoc,§c ac,(oq)cgjo

0)080%0’)0333%3@)'_@53@9@3 §03(%|_2§0’] OOé I

N

(1) Engine-Powered Fans

C c C C N < N o < @ N _O N co ¢ <
S’DCQJC('DG§ U)OO@I_:E?QGGOC:?CGCDOO@(DO(Y{ 3’9@03@610?9(0(793\2 U)U)@FE‘)QQJOOSD(D(DO
GGOE:«?EO’]OD&QII

pressure-release cap
| thermostat (reguiates
flow of water)

pump (circulates water through

fan (Graws in air / jacket 10 cool cylinders)

through radiator
to cool watar) L}

drain cock—@{]

overtow pipe e A Typical Engine-Powered Fan

(2) Flex fan a?eooo sa&uécﬁsaéq(rgsaeo'rﬁmé@: og%moscncrseogd% sa%[:%[:e[;néscﬁeo:eoooog%moqojp [;90507

&)éll

(3) Fluid coupling fan clutch a@ooo Flex fan 0633 335(}15&%395@0’333@0’%039_3@: o%moo% coéoorgeono']oaéu

o(g9-09)ogc(e3pgoln

Silicone oil
Fan hub -

Friction chamber

d(gq-08) Fluid coupling fan clutch 026300l saéqasess

< [oN o _C N N < N < N C <
OPI6§|$90 aucnaomm&aoooe@@: ehlepltoplocioleplcclelol e
:39@§§$:oong§mocﬂm o%mo&’f mméoocﬁ %ﬂeo:mo 3¢
Qlccsoosso:o% SSQO(YS[EDUSGO:O']&)@QII ecxc?’sa&\) sgéqlémsgo:

(73 ssoéze[éleo)@é: [;96301 :Dé I

Clutch plate
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(4) Thermoststic fan clutch a@ooo sggzqcﬁ[;sé sgc\?éo.zécswoo%mo @éo]wén Q(gq—o@)ogé@éo] I

Fluid coupling

Water pump i —

pulley
Thermostatic
spring Water pump
Plastic fan assembly

(5) Electric Cooling Fans

3(g7-06) Thermoststic fan clutch oo
Fluid coupling fan clutch 030332095006
O]&)éll w%{?s‘%tﬁ@a[(}é@[ﬂ?émgewo
00§8(6¢ 03 Bg:g dolaopSi
3EqICQ03325] 99200 0§02003 TS
apSeoolopSi

C9_|8®030$m0®§:03088 CRI(SO)O%G@’SU)OO)OS?I (Ti:(\)$33(3§|$330:ﬂé@$@0§§ OOOZOg%:qJHOOOGOg Oflﬁo].

olaopSi &(ge-09)ozé(mpsol

Coolant
still cold

Gauge
/ g

reads cold

Temperature Low current
sending unit flow
resistance

high

Thermo fan No current to

switch fan motor
open i1
A Coolant Battery L
hot Gauge reads
Temperature norma!
sending unit = operating
resistance wP Electric temperature
low
Airflow ~—— Current flow
through e through gauge
radiatgor increases
e Current flow to
// fan motor
—i
Thermo
B switch closed =

(6) Electric Engine Fan Circuits

(}(97—07) cgjémogo%mom@émé?(ﬁ Few)
m@écﬂ I A—@érnéesfa:@or}sgaw ooofé
agorgoo cgjﬁo50$moeeo§:§&f(r3 8odSeos
ooo:of]ooéu B—s@éqégmcoooaasﬂ oaoe%

N co N c O N C
Selealopliabllel, Héleplav T He) aoooeo:@: oo
o>c§o$000093 mée@oﬁloopéu

&)06%380800 OR C\)c§39(reé?cj§(f3 U%é [epalepm) CQ_I(S@O()\()%(Y)’DO’?? 39%839803(\?(360 O’]:)Déll Gé?OO’SS(;?Z
0003 GO@?OGU)O OR C0§33(req_|§m§800| qulqmeco GO@?C (0881 (78§({”|.030608(7? 393? E)@o GGOC ?CO’]&)@II

SQCQ_ICGSQ G§O o (9§€10’)GC\) O? QOOOGGO ) gCGO Heesk O]ODE)_?II CRIOO)O)@GlGODoGO’)O O§O’)OGC\)@
GOJZO] Il SQCQJC&EC\DOGODOS’BS’] ao§aoome§ge§og O&IOO)O)?S?(D G[;)’DC (\)38’.')"@)" (op 8} Ogs?qm_OOOO’) 610’)6(\) O?
G%USSO(YSGQ(DO o$000093 %6@5@02@%8@5003(‘0520% O’JOSOOSE.)&SG@OOO o%oooopf (I)C\)é@@(ﬂ&)éll

Q(gq—oo)ogé@éo’] I
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Oldamobie only Buick anly

Hot &t all smas
Hot &1 all times Hol &t sk limes

Ergine
Rear P
luse fuse
g block
s

compartment
5 )
\’ 569 luse
block rads - -
piog | cemar delails T Right
A0 ORNBLK 840 § vorn

man-fuse
block
35 BRMWHT 241 Coalng | yngertood
fan l relay

r8iy  § contar

L4

I
|
|
o

LH cooling
< fan doda

5 BLK s 104
5143 © o] — @ <14
5 BLKE a2 5 VWHT gros RH
B A cocling
fan
(secondary)

LH cooiing
fan (primany)

35 DK GRN § 338

-2 Gig

Powertrain
conarod
module
(PCN)

s

RN e cccncnccncnncncnnnss

7 Jc1 74 c2 N
s &1 se | &2 7 jce q 3
35 BLK §608 A5YEL Y 410 Egc a7
e ST asveL 400 35 PPL Y 401
53 .38 TO CONNBCIOM
See soguential H1 00101 g G101 terminal K7
fual injecsion (not used Sea vehice
n 2 )
@ S2e2 \ spoad sansor
B B A
4 Engna Engine
B1 ci10 ococlant coclant
I J temperature termpecahys
s gLk B 308 (ECT) senwsar (ECT)
l S5BLK g 452 sensot
L-—'-.SIEB 25 6K B sos A .C 2%
S123 8 BLK B ase ABLK gake

-

{)((}’?—OO) gO](DOGlé:%éQ)’JOG‘IQS('D CR|5®§O$CM®§OSC7% (730208%(?.]”.0000’) U)OSC\%Ogs%K)DC\quCDOO% [;)OOO:O’]

(7) Radiator Shroud
Radiator Shroud 20p5 0§00 8309033203E: 60E0R03 eqoEMB03 (yodagaieaqs oppScloopSi
Shroud eoodolm  0§ommsceqo3scadm(mp: ecoveoy [g§copSome(opé pagsongtecy (gdeoclaopSi

o(g7-o@)ogElmpgol

le]
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Radiator fan switch

Fan
Electric fan motor

Ambient temperature
~ . sensing switch

Fan shroud

O\, Thermostat
“_housing

d(gq-o@) Radiator Shroud 2005 0§00 830903
203C: 60e0z03 603303 (woSogaieoqs maScl
:Joéu Shroud sondol oo o$mo§<§eqorc§<§(rgsg@o:

ccoe0y [0§c0pSome(moé mpagsordieay (edeo

(ﬂil)éll

47.4.5. Thermostat

wo%wooorgooé méméesggqcﬁeoT@o?mé@: [5)<§mooq4[mo[§5 orrg:cogeog eqor%&r%@(rgogé oQ0%
c30C | eogo:easoé C\?f)eaooéeo:sﬁ mﬁ@oéooo:qo’loaén 39&?]5@39:@@5%%@0 (razm.§eog c;qo%&r%ocrg
eogo:%éesaoé 805@(3000:[;3: @écﬂéﬁfcoocqjé oR:co§eogo$ eqo‘%émoago%agozﬁ géco:o?oapén

wo%wm(ﬁcfg (}e?c%sao:[ggé 39c°:q|c°:§§ @coch@OSccﬂ?@ozgo ooéaoéo%oéu 3004%0303050?
sfa&uéoocﬁ cq:co§s@o€c$é:@o§@c§| @ogq%cx%é:@o%@o% m@aoé%&ﬂoaéu

33’32?@03“53908&?0 ocoaoé:@@fooo:oboéu Q(gq—\]o)ogé@@f& I woc‘%omcﬁ%maﬂé ®
emé:eog[;émoscoomo m:o% og$:gcf:cﬂoaéu wo%mmcﬁsacq&qé(‘g@ Q(gq—p)ogé@é& I

30§

o}

Wanx-filled pellet

Thermostat
valve closed

3(gq-Jo) 2098000058307 By §(e¢ 326 eowo:

C ’] N o < C N N
[590')0 ODEII OO’JQ?@U)O’)RQ)OC\{IC GGOOOC:GOB)[;)?OOO:CDO

.8 ons&lonS
Return spring Q22 9230) 0383¢¢ 012001

Coolant
circulates
g‘;g :g: N Engine cool
ahd back tr;ermc(j)stat
into engine close
Cold coolant
A from engine
5(cn- o) 29980000530066H03 GC\)C\}O@ Soli A-
Thermostat 97 QJ ? o0 CQ? Co\Bc N o S ogc
gasket O’RZC\)§GOBGGB:G§Q_|§08C ®OQ§3’3’J:[§9(} 003(7? [6]ep)~10H
Engine hot, ooo:cﬂoop_gu eqof§oo mée@ewgmé: Gqcsogo% cr]
pellet expands 29 0C © 0 0 O R R Cmemn S
to open GSQoS(? GGIO?C('T)@OO? QGGO.GO\LO’] B UR.C\)@GU@RN’J
thermostat 620033 oooc%@oo(rgm coo:o% og%:géeo:mo 39@39::5(3
Hot coolant GGIO%EG%SCG)(Y% ((:)GO:O’]:DECII
B from engine
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a)oc%oooogoaé Qg;c%s@o:[éé 180°F ~ 195°F (82°C ~ 91°C) 39@0:90 asa?éoeaoWwén

(1) Thermostat Operation
&(52-Ju)oaé(e3pgol

No flow to radiator Thermostat closed

Engine bypass open

Water pump
Heater hose

Thermostat

Flow to
radiator

(e(gq—JJ) oaoc%@mogsgcx?fm?&}o% eagmo@@f(ﬂ [ A—q?:mésgﬁchﬁm wdg?orgooo:o;Ssgﬁfq‘ﬁ(r% eespcf)eoa:
ol 3304%0)000500 8059§ooo:oqooéu B- (rezm=§saﬁgsﬁ$m oooge?orgooo:or:)saﬁfacﬁcr%ecp(rgewosaa'] OR:C\)§
coé:e@oé:or% géeo:cﬂo&éu

Flow to\ ( X

radiator
Impeller

Water pump
drive pulley

spring
ngass Q(g?—JQ) %:%2330%0)0)(783’3@8 Bypass C\oPéS(Ycé oogfogé:oopé
G@OO(YSU)OG%[:C\)&Q: ﬁoqooéu Bypass UO:O% 3’98(“863’936§Q?]§?0
: N Q Q [N N Q Q Q Q
/ spring 0&:(\3@@03 SQCQICSQOQC: [5)§OCG®61§ OOO@OCOOO:[%C: [590)0’]
o Thermostat <
OD&II

Main

n

Water pump
housing Main
flow
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47.5. Cooling System Instrumentation
C N

m:emgemgqp:qp:e?o temperature warning light OP]_) oooaocoWooén ooéijo:Goggoemg
engine temperature gauge o3 o>dsocoloopSi

A Typical engine temperature gauge A Typical temperature warning light

47.5.1. Temperature Warning Light

C N oc¢ o Q N C o C C oc¢ C N [0} (o] (o] ’]
32COICIPPF[§IO0DCOIOICOCIOND OXDIEEICIN MY ICOCOD gaﬁfan§08§me§@aqmo(p 20006030
:D@COII oaimt%eogﬁfcg%mocﬂm saé(uéooemoag‘?o:m temperature sending unit o acqéo% aoorcgeo:o']ooéu

C};UOO):OCOC\)@ZE})&?DBOZO’]U) O’]c?éﬁgﬁ C\DEZQ)OO’]CDéII Q(g?—Jg)Ogé@éO’] I

— Warning
light , 4 amp fuse
<y / P
Yellow —~Z » Yellow —
- Violct - RSl
2 Splice ‘
S e e .
| \WgnMOn
[\\1,; $J switch
Dash o Jj
connectorl  Splice . Starter
% y solenoid
> Red
- Battery
o C N oc (o] Q
(I_)(g’?—Jg) S’BCQJCS’BQQ_I‘?:DUDGOSGS
'M i aoo:mé%éooonqéo% e&gmo@@fo’] I
T~ — [N < e, ¢S,
~ Water temperature - acmcac%cg'?m‘ﬂm ol§c8icoc:
sending unit coolepSi

47.5.2. Engine Temperature Gauge

Engine Temperature Gauge oo 3CqiCq) 0303103320§803 [geozcloopSi Variable resistance
sending unit §¢e0o6903 3233:(g|8: tp:eosm0]§05 (gevzclaopS

wCqCemiesq§ogc Gauge sending unitoo cwém%ég@éeo:e@@): 03I00000:q$28568:8E0 &g
?’3 395(2]5@:39:@:?000503 @US%EO]OJ&QH @émé@?%%@ém&mtﬂm (\\2](3@0%@0:6190(1]0:(00(730 GQG’QOGQJ’DE:
cQOsMM go@(f)o’% OPB:[E)OOO 338('2]8(&@%0)053%0)0 (sogt%é(ﬂaoéll

n

47.6. Antifreeze
Antifreeze 802 (e§30:(g¢ ethylene glycol (¢6(3: cqsSepord mpicos(ydeocloopdi m§c80dq
C N N o < N o < [N ° C N o N N N
C\?OG&)OCQJ(DGO’O) qu_p:@: ﬂo’]&)g” 66180000? OO’.)(YO)OJGO:@CSI :DG@:OOOO@C:O? (DOCQODGO:@CSI GGIO§
03 egpadm(edarbeannen:gliss mEqtod eamien(giieoy apdeanadenioloopSil
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47.6.1. Prevent Winter Freeze-up
Antifreezem (Q:mgeoaorcﬁ sacg%c;sa:q\)epageo?eoggo ea@:é@ago:e:}aoé moogu%eo:&aaéu ops

N N '] N N c O co ’] N
C\)§608 GS@:@G§O (08) 33@393602®§0)§9390Q|CO? ({IO’)O):GO)O oagu

47.6.2. Prevents Rust and Corrosion
. c O o C (o] (9] < < [~ C <
Antlfreezem 39@39260:0)@0)(“/1) OJG@:U)O’)(TJO@HFO? O’JO(TO)ODGO:O']ODEII eraoaeorfﬁfeoaomla;):
Antifreezeo% &5@@:0)050)0(7)0080561% ooéogé:gaa?:opa{f(ﬂoapén
47.6.3. Lubricates the Water Pump
. [N o < o [~ < C C < [N N
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47.6.4. Cools the Engine
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47.6.6. Block Heater
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47.7. Supercharger Cooling System
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47.8. Hybrid Cooling Systems
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c}(gq—Jo) HV battery cooling system
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CHAPTER (48)
COOLING SYSTEM TESTING, MAINTENEANCE AND REPAIR
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48.1. Cooling System Troubleshooting
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48.1.1. Cooling System On-Board Diagnostics
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48.2. Cooling System Problems

020:32632:60:0§ 0 03¢ (1600056200000 §060303 3[R6:320:(u¢ 2d:§38C0laopS
Coolant leaks - 39@39:@0:®§5085 0';)3905030(33) gc;o)o&oooe@oé oqorgaooooﬁooel@ opm%eogo%
%[0 0gr5e003(0000§003 M:e0s§u38603(0a0gocd ealvlaoaSi
Overheating - s2éqiégeentislesoimoqis(aagsies(B: olsl:8icoy coliamomnd 30q§(03Eg05¢0
32662065 00058302003 (Qes0q|: Gaeg:65E0R0R050020q|H(Qa00§060303 ealolaoaSi
Overcooling - aaéqié{eent:aCescymugismdecapadd aéqiem:esG: mEqéololmesod(gongncy

GSTO’] O\Dé Il

48.2.1. Coolant leaks

N N N N < C C C < N N < Q0C¢C o
(Ta:Q%?C\)(DU)(D(T{IG@O)’Jm OR:C\)?GOg @%C:Om@@@@l %[;)CO(T)E?@ES@ Q?O)(?Gv?O)OO? [5)33

O’]:Déll 33@5(9(780% ofﬁcgéo]m GGIO%G:?OOOI OOOSGS’BOOS(?O Gq@g(fgﬁ% GO%)&%EO’]DD@CII O?E:C\)%GU&O%S(;OOO(D
Gt?ﬁpd%é:(?o @‘5%80’]&)@” GQ(%O(SG(.H?GU&I GGIU%é('BGUgOUSQjDOODP_,SS ON%((D)Q:;&%&O’]OD&CII 3’90882(.908(73 030%@0’] m
@é(HEUDGCDO(YSCQEG@O)OI GDQ)((SG’]UO(YS(%G§ODOI OO%O)(T)OSGO](TSG?O)’J(%L:GO’& @5%80133@0” cra:co:§eog

3’96(?_]539%)8:(353(7%6@(78380:0’](7) @é(ué(%ég@@ﬁpé@(ﬂ?%’):(ﬂ@éll (?((;O—J)Ugé@@f(ﬂll

» Combustion
gases _ L=

leaking)
into

|

|

" Deposits /'L“f}_““ |

preventproper  J{ | >

{ heat transfer i

| ; W o [ NS ¢ 0 00 ¢ ']

A o B = (8(96)—J) 390(“0@)3&)@0@08(7) 39@39:60:0)@0)(? OO?(DG@O

< < < '] c’] Q S '] [ <

33&” A- 0odomodcolmolon dieconceo 0'3(780?9’303@%

Gog (73:0)§GO839050(€G€T3(Y3000 GCO(I.EGO'](%:G%(Y% G%%é

'] < Q < < Q

(6] 33&” B- GQG@OC:GCQGGCQC:?O 398@39@@:@%)0?@@3

(Q:C\)é@og@m’.)é:@m’.)éﬁegggé(ﬂm Uaﬁcogeoam 33%{3305
Q 0 00 ¢ [ '] < (NS

GSO’.)CU)OO? OO?OOGO)@: 33(&(\8@(7)@@0 w@ll C'S’BCQJC

o ¢ oc N C o C C '] C ']
390)0’)33(.8(:3@08(7833(7)030 (32) OO0 ODCOIMMOIMN ('YR:

&803@@0133@"

Coolant =~
leaking into
engine oil

Cc

Htun Myint Htay (M.E., Mechanical) Page 23



Volume-3 Modern Automotive Technology

rri:mgeogag]mc\q_]é QPGSOOE:GO:@O:GOOO OC\)(SO)U)&Q?:(I\)(D O’rE:C\DéC\DOSU)QSOQE 0)5@80:@0:(3
:DUOJS].O'] Il GG].U%EO%O’) 0610’3@00’)60% ®§:oo5§j§eog| oogcsao:ajc%cfoocﬂ: [E)SI_OS(IJOSOOO(%[: O;?:O@O?(SO]%II 39@9
00(30002610’]@&(‘"

(1). Combustion Leak Test
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(2). Coolant in Qil
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Service Procesure
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48.2.2. Engine Overheating
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48.3.2. Removing a Water Pump

Service Procesure
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48.3.3. Installing a Water Pump
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48.4. Thermostat Service

Modern Automotive Technology
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48.4.1. Thermostat Testing
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48.4.2. Thermostat Replacement
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48.4.3. Bleeding the Cooling System

Modern Automotive Technology
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Service Procesure
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48.6. Radiator Service
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48.6.1. Radiator Removal and Installation

Service Procesure
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48.6.2. Radiator Repair
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48.6.4. Belt-Driven Fan Service
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48.7. Coolant Service
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48.7.2. Coolant Voltage Testing
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48.7.3. Chnaging Coolant

Service Procesure
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48.7.4. Testing Coolant Strength
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48.8. Temperature Gauge Service

Service Procesure
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Cooling System Diagnosis

Temperalure gauge raads iow. 1. Themastat & stuck opan 1. Replace thesmostal it nacessary.
2. Temparature gauge is not 2. Cheok the connecior al the engine cookant
connactad to the coolant sensor, Repair as necessary.
Sensor. 3. Chock gauge operation. Repair a3 necessary.
3. Faulty temperature gauge. 4. Check cootant level in the ovediow tank and a4
4, Coolant leval low during cold the radiator. Inspect the systam for jeaks. Repar
ambient temperatusre, A5 PACAssAry.
Temperature gauge reads high 1. Trailes being lowed, steep hill 1. Ths may be a tamporary condition and repair
of engina cootant waming lamp baing dimbed, velicie being ts not neceesary. Tum off the air conditioning

Huminates. Coolant may or may
not be loet from aystem.

10,

1",

12

13,
14

15.

16

17,

18.

operated n shaw moving
traffic, or engine iding during
high emblent temperatures
with aif condtioning on.

High allitudes can aggravate
thase conditions.

Faulty temperature gauge.

Tempearature waming lamg
iluminating unnecessarily.

. Low coclant in overtion/

reserve lank and radator.

. Pressure cap nol installed

tighthy,

Poor seaks ol radiator cap.
Coclant leved low in radiator,
but not in coockant overflow
reserve tank. This means
the radiator is not drawing
cookant from the coolant
avedfiow/resarve tank as the
angine cools.

Freeze paint of coolant not
ooerect. Mixiure may be 100
nch,

Coalant not llowing freugh
sysham,

Radiator or A'C condenssy
fins ara dirty.

Radiator core is plugped o¢
corodad,

Fusl or ignition system
problams,

Draggng brakes.

Bug scraen is baing used,
causing reduced airflow.
Thermostat partialy or
complataly shut,

Electric cooting fan not
opevating propery

Cylinder head gaskat
leaking.

Heater core leaking.

10.
1.
12.
13.
14.
15

16.

17.

18.

and drive the vehicle without any of the previous
corditions. The gauge shouid retum 1o the
noemal range. If the gauge does nat raturn

10 tha normal range, delerming the cause of
overheating and repair.

Check gauge. Ropak as necessary.

Check waming lamp operation. Repair as
necessary,

Check for cooling leaks and repair as necessary.

Tighten cap,

(a) Check condition of cap and cap seals,
Replace cap, if necessary. (b) Check cendition
of filler nack. If pack is bant or damaged, replace
neck

(&) Check condition of radator cap and cap
sagle Raplaca cap, # necassary. (b) Check
candition of filar neck. It neck Is damagead,
replace filler nedk. {¢) Check condimon of hoss
from filler neck to coalant tank. It should be tignt
at bath ends without any kinks or 1ears. Replace
nhase, If necessary. (d) Check coolant overflow!
rasena tank and tank hoses for blockage.
Repalr as necessary.

. Chack coolant, Ad|ust mixture as required,

Chack for coclant flow, 1 filow is nat cbservad,
datarmine reason for lack of flow and repair as
necassary.

Clean insacts or dabels from fins.

Replace of re-core radator.

Check systams and repair as necessary.
inepect brake system and repair a5 NEcessary.
Famove bug screan,

Chedk thermastat operation and replace as
necessary. Refar to thermostats in this group.
Check electic 1an oparation and repair as
nAcessary.

Check cyinder head gasket for aaks, Repalr as
NEcesaary.

Chack heatar core %r leaks. Repalr as
NACHSSAry.
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Cooling System Diagnosis

Temperature gauge reading is
inconsistent (Buctuaies, cydes,
or is arratic).

. Temparature gauge or

angina-mounted gaupe
sansor defactive of sharted,
Also, correded ar loose
circuit wiring.

Cootant leved law in radiator
(& will build up in the
caoling systam cavsng the
thermostat 10 open kata),

. Cylinder head gasket leaking,

alowng axhaust gas to enter
conling systam and causing
mermasiat 10 open late,

. Water purmnp Impelier loges

on shaft,

. Loose goceesory drive bell

(water pumg slipping).

. Alrlagk oot the suction side

of water pump allows ur to
build up in cooling system,
This causas tharmestal to

apan late,

oo b

Choeck operation of gauge and repsir as
NeCESSary.

Choeck and correct coolant leaks.

{a) Chack for cylinder haad gasket kaks with &
commenctaly avalable Biock Leak Tester. Repar
as necessary. (b) Ghack far coolant in the engine
ail. Inspact for white steam emitting from exhaust
systam. Repair as necessary.

Check water pump and replace as necessary
Check balts and comect &3 necassary,

Locats ek and repair as necessary.

Prossure cap = blowng off
steam andior coolant to coolant
tank. Cootant level may be high
n cookant overfiow tank.

. Prassure rebef valve in

radiator cap is defactive,

Check condition of redistor cap and cap seals.
Replace cap as necessary.

Caalant loss 0 the ground

. Coolant leaks in radiator,

Prassure 1est and repair a8 necessary.

without prassura cap blowoft. cooling systam hosas, water
Gauge s readng high. pump. or eNgine
Detonation or preignition (nol . Engine overhasting. 1. Chedk raason for ovarhaating and repair as
caused by ignitan system) . Freeze point of coclant nat necsssary
Gauge may or may not be correct Fuet mixiure is %o 2. Chaeck the fraeze point of the coolant. Adjust the
reading high. rich of k6o lean. glycol 1o water ratio as required.
Hoes or hoses collapse when . Vacuum created In cooling 1. (8) Radatar cap reliel vahe stuck, Replace cap,
angine & cooling. SYys8em on engne cool-down Il nacessay (b) Hose batween coolant rasana/
Is not balng rekaved trough overfiow tank and rackator is kinked. Repalr 53
coolant resarva'overtiow necessany. () Viant at coolant resenva/overfiow tank
systam. is plugged, Clean vent and repel as nacesgary.

(d) Overflow tank ig intemally biocked o plugged.
Chack for biockage and repair as necessary,

Electric radiator fan runs af the
fime,

. Defactva fan ralay, control

moduta, ar engine coolant
tamperature sengof.

. Low coolant level,

-

RAepair 25 necessary,
Add coctant to appropriate leval,

Electric radiator fan will not run.
Gauge raading high or hal.

. Fan moger dedectvg,
2. Fan relay, powartram control

medule (PCM), or angine
coolant temperature sensor
dafective.

. Blown radiator fan fuga,

Tast motar and répair 88 necessary.
Tast components and repair as necessary.

Determine ragson for Down fuss and repair as
necagsary.
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CHAPTER (49)
LUBRICATION SYSTEM FUNDAMENTALS
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49.1. Lubrication System
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49.2. Lubrication System Operation
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49.2.1. Engine Oil
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(3) Oil Viscosity (Weight)
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SAE = 9
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®r cons®

®
API® Service Symbol API® Certification Mark

1. Performance Level:

Gasoline engine oil categories (for cars, vans, and light trucks with gasoline
engines): Oils designed for gasoline-engine service fall under API's "S" (Service)
categories, Look for current service categories SL and SJ, See reverse for descriptions
of current and obsolete API service categories.

Diesel engine oil categories (for heavy-duty trucks and vehicles with diesel
engines): Oils designed for diesel-engine service fall under API's “C” (Commercial)
categories. Look for current categories Cl-4, CH-4, CG-4,, CF-4, CF-2, and CF.

2. Viscosity: The measure of an oil's thickness and ability to flow at certain
temperatures.

3. Fuel Economy Rating: The "Energy Conserving" rating applies to oils
intended for gasoline-engine cars, vans, and light trucks, Widespread use of “Energy
Conserving" oils may result in an overall savings of fuel in the vehicle fleet as a whole.

4. API Certification Mark: An oil displaying this mark meets the current

engine protection standard and fuel economy requirements of the International
Lubricant Standardization and Approval Committee (ILSAC), a joint effort of U.S. and
Japanese automobile manufacturers. Most automobile manufacturers recommend oils
that carry the API Certification Mark.

Multigrade oils such as SAE SW-30 and 10W-30 ara widely used because, under all but extramely hot or
cold conditions, they are thin enough to flow at low temperatures and thick enough 1o perform satisfactorily
at high famperatures, Note that vehicle requirements may vary. Follow your vehicle manufacturer's
recommendations on SAE oll viscosity.

0°C (32°F) 5W-20, 5W-30, 10W-30, 10W-40, 20W-50

—18°C (0°F) 5W-20, 5W-30, 10W-30, 10W-40
Below —18°C (0°F) 5W-20, SW-30

Reproduced courtesy of the American Petroleum Institute
from the 2002 API Motor Oil Guide

c}(g@—g) API service ooeo%ooc?go 90003808633990539330390303 saérné@éggé:eeooéqéaaao& Go:(ﬂé??é
og(rgeqj(r%o%efeogcﬁ c;og%&ﬂoaéu
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(4) Temperature Effects on Qil
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(5) Single-Viscosity and Multiviscosity Oils

Single-Viscosity Oil s302 ceol:sC03m0§|$03 2005005000:0% Range mo3iaoz0d §8¢:0005
ooo:o?agsgq(jlzsgm:@éo]oaéu Single-Viscosity Oil oaé Multiviscosity Oil ccoood mé@é@eﬁo’]%:u poed
30:(g¢ Single-Viscosity Oil meooy SAE 20, SAE 30 s¢ SAE 4003 (9o(0n0lo0pSu

Multiviscosity Oil 03 Multiweight oil c3copS:esl(8: camiegodmqj§er 0qeo(S: ©es0da] 5§60
copS: qdeset cpodaydoon:gs: (gdoloopSi poesaa:(yé Multiviscosity Oil coganeory SAE 10W-30, 10W-
40 or 20W-50 03 (6030120051

p0eom02(0¢ 10W-30 32EqiE8E0pS aelqlem:ics0)aayisen SAE 10 093 320050pd(8: aéq)c
0oo(B: ceoc:sCoymgis03eqpodaqC SAE 30 0533 32c00caSclaopSi Multiviscosity Oil 03 3293:(g|a¢:(w¢
N N
c

c3?:03T2§|$¢7 0058:602003050(8: VoI § 3EQIEEEe0y 3aS:07eag:0 B@rGardeocl oS!

SAE Grades
coLD (WINTER) HOT
* SAE = Society of -22F 212°F
Automotive Engineers l l

1 0W'30 * 5W = The "W’ means
winter and the oil is tested
at low temperatures
depending on the viscosity

such as -30°C (-22°F)

* SAE 5W-30 = The “30" is

The viscosity grade under low The viscosity grade under the viscosity measured at e “w" poES NOT STAND FOR “WEIGHT"
temperature conditions. high temperature conditions. 100° C (212° F)

The lower the number, the better The larger the number, the

the cold startability becomes. higher the viscosity.
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(6) Selecting Qil Viscosity
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(7) Qil Service Rating
Oil Service Rating o3 32EqE3Ey:m(0can05en cul[geay§oloopS API (American Petroleum
Institute) oo 2005005600l 20pS 1

QuickReference

) . . Passenger Car Engine Oil (PCEO)
Petroleum Quality Institute of America

-

Automobile Model Year 1993 2010
API' Senvice 1930 1951 1967 1971 1979 1988 | 1996 2001 2004 2011 2015 20182
Categories
SA SB sC SD SE SF SG
ILSAC* There was no ILSAC Specification Prior to 1993 L (GF-2|GF- GF-5
General Motors There was no dexos® Specification Prior to 20102 dexos1™Gen2
APl SN PLUS
ILSAC GF-5
dexos1™ Gen2
- Obsolete/Can Cause Equip Harm Obsolete - Current/Active Back Seniceable

Lookfor the “API Donut” andthe two letter code on the back of the bottle. If the label says APl Senvice “SA" it's Look for the Ewo letter =
an engine oil made for use in cars built priorto 1930. APl SA through SH motor oils are classified bythe APl as code on the “API' Donut
“OBSOLETE.” Always consultyour owners manual forthe correct viscosity grade and performance

specification(s) required for your vehicle.

*The latestInternational Lubricant Standardization and Approval Committee (ILSAC) Category is identified by the “Starburst symbol and canonly beused 3§
with the APl SN and SN Plus products atthis time. The “ILSAC Starburst” can be used with SAE 0W-20, 5W-20, 0W-30, 5W-30, and 10W-30 viscosity grades. 3

Note: Always referto your i for proper engil ils and

1 - American Petroleum Institute
2- API SN Pius in May 2018
3 - Prior 02010, General Motors did employ their own specifications, GMB034 and GM4T18M. When issued GM dexos1™, it was back serviceable to 1996 superseding GMBI34 and GM4T18M. Rev PC4-2018

018 uz right d www.PQIA.org

AP|:>JOS€]9CYSGO:OO’J:GODO eoorgagmo:eoo:eogsgogrﬁ S Series sacc:ql c% eog@oxﬂaa@n cooneans00S S, SL,
SM & SNO'Of @@:@[%éo]wén
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(8) Engine Oiling Methods
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49.2.2. Oil Pan and Sump
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(3) Vane Qil Pump

Eccentric vane-type oil pump

Figure 2.142 Eccentric vane-type oll pump

The earlier form of this pump is shown in Figure
2.142a. The casing (1) has a cylindrical bore in which
is fitted the rotor (2) mounted on a shaft eccentric
to the casing bore and touching it at one place.
Spring-loaded vanes (4) are a close-sliding fit in a
slot cut diametrically through the rotor, their outer
edges being kept in contact with the casing bore by
the spring (3). Qil is carried from the inlet (5) to the
outlet (6) as the rotor turns.
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49.2.9. Oil Galleries
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49.3. Oil Pressure Indicator
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49.3.1. Oil Level Sensor
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CHAPTER (50)
LUBRICATION SYSTEM DIAGNOSIS, TESTING AND REPAIR
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50.1. Lubrication System Diagnosis and Repair
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50.1.3. Oil Contamination from Water
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50.1.5. Low Oil Pressure
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50.1.6. High Qil Pressure
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50.1.7. Oil Pressure Test
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50.2. Engine Oil and Filter Service

395(Ug<35§§®50§m003 c}ﬁcﬁeo:fﬁ saeq:@:cﬂoaéu 335(U5<$E§§050§moeog(73 08§::>3§:4f
50801 EqEx0a508:03 Beosl oS

mo:o% e%éeoooéq“]@:eeoé:@:aﬂé 39&”&%&;03 gégézm[één mogéeog GEPG§OOD N
&)Cg))L@GUgOéCOO[éé:I GOUSSS(&?)S@QS@gG%GGp&?’)C\DO@E | E)OGCTO) 39(73@036086@6?0(\7’3@88 (DOO@C(T??
G@O(E 3%6@082(\)00]33?_3” 3’;9833C('E|8(%833@U’JOC GOg(T? aooo:\? G@C\{IC 8§ HoSH ?GC@?C ODGCSUJUS?GO'O)(T(%
[éoge@cﬂoapén
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50.2.2. Changing Engine Oil and Filter
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1. Raise the vehicle and place a 2. Unscrew the drain plug and 3. Use a filter wrench
catch pan under the drain plug. allow oil to pour into the pan. ({turn counterclockwise)

to remove the old filter.

4. Wipe clean oll on the new 5. Install and tighten the new oil 6. Install the correct type and
filter O-ring. filter by hand. Make sure hands quantity of oil.
and filter are clean and dry.
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50.3.1. Installation an Engine Oil Pan
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50.4. Oil Pump Service
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50.4.2. Oil Pump Rebuild
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50.4.3. Oil Pump Installation
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50.5. Pressure Relief Valve Service
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SERVICE PROCEDURE
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Diagnosis

Low oil pressure. 1. Oil level low. 1. Add oil to engine.
2. Oil too thin. 2. Add heavier oil.
3. Defective oil gauge. 3. Replace gauge.
4. Bad sending unit. 4. Replace sending unit.
5. Excessive bearing clearance. 5. Replace bearings.
6. Worn oil pump. 6. Replace oil pump.
7. Loose or disconnected oil pickup. 7. Repair oil pickup.
8. Open pressure relief valve. 8. Repair valve in pump or block,
9. Clogged pickup screen. 9. Clean or replace screen.
High oil pressure. 1. Stuck pressure relief valve. 1. Repair valve.
2. Incorrect relief valve spring. 2. Replace spring.
3. High oil viscosity. 3. Drain oil. Replace with recommended viscosity oil.
4. Oil gallery restriction. 4. Remove blockage.
5. Inaccurate indicator. 5. Repair circuit. Replace gauge or sending unit, if necessary.

Swelled oil filter.

-

High oil pressure.

-—d

See High oil pressure.
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